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Abstract

A long-haired, male, neutered domestic cat was referred to a veterinary clinic for the first time at 13 years of age due to anorexia,
vomiting, dehydration, and depression. Blood biochemistry revealed renal azotemia. The cat was only given food for animals
with kidney failure, and no treatment was given. Three weeks before its death at 16 years of age, the clinical signs returned,
becoming more frequent and intense. The cat was referred to the veterinary clinic again, and also severe hypertension and
mild dyspnea as the unique respiratory signs were detected. Blood biochemistry again revealed renal azotemia. At necropsy,
the lungs exhibited a nodule in the right caudal lobe with a 3-cm-long axis and another nodule in the left caudal lobe with a
2-cm long axis, which histologically corresponded to a lepidic-predominant adenocarcinoma. The bronchioalveolar origin of
the neoplasms was corroborated by immunohistochemistry with specific biomarkers, namely Thyroid Transcription Factor-1
(TTF-1), Napsin A, Surfactant Protein B (SP-B), Pancytokeratin and Vimentin, with the neoplastic tissue testing positive for all
biomarkers. Both kidneys presented macroscopic and microscopic lesions consistent with nephritis and severe fibrosis, which
was deemed to be the cause of death. Primary lung neoplasms in cats are rare and difficult to detect clinically due to clinic signs
that may be nonspecific.
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Introduction

Primary lung neoplasms are uncommon in cats, with
an estimated prevalence ranging from 0.69-0.75% in nec-
ropsied animals (10, 21, 27). Adenocarcinomas are the most
common feline primary lung neoplasms; neoplasms, such as
squamous cell carcinoma and adenosquamous carcinoma, are
uncommon (2, 10, 15, 27), and mesenchymal neoplasms are
rarely observed (3, 13, 15). The average age of most affected
cats is 12 to 13 years, and Persian cats seem overrepresented
(2,9, 10, 21). Cats are often diagnosed late in the course of
the disease due to nonspecific clinical signs, such as lethargy,

weight loss, cough, or vomiting (12, 19). Given the important
and rapid progress in the genetic and molecular knowledge
of the pathogenic mechanisms underlying lung cancer and
its considerable relevance in the treatment of this disease in
humans, according to the World Health Organization (WHO),
its classification has significantly evolved from purely mor-
phological to the most recent classification (2015) combining
histological, immunophenotypic, molecular genetics, clinical
and radiological data, thereby improving the evaluation and
therapeutic management of humans patients (4, 24, 25) and
also this new classification has been adapted to feline lung
tumors (21, 27).
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Case Description

A 16-year-old male neutered domestic cat with long
yellow hair was referred to a veterinary clinic at 13 years of
age due to anorexia, frequent vomiting of only saliva or gas-
tric juice, and depression. Upon clinical examination, the cat
weighed 4.3 kg and presented with mild dehydration; respi-
ratory signs were not detected. The kidneys were observed to
be small on ultrasound, which was the most relevant feature.

Hematology revealed non-relevant thrombocyto-
penia (279 X10°%/L blood platelets; 300-700 interquartile
range (IQR)) and hyperproteinemia associated with chronic
inflammation (84 g/L blood proteins; 60-81 IQR). Blood
biochemistry revealed mild hyperglycemia due to stress (8.3
mmol/L blood glucose; 3.8-7.9 IQR), renal azotemia (16.8
mmol/L urea; 4.1-10.8 IQR, 228 mmol/L creatinine; 56176
IQR), protein changes associated with chronic inflammation
(84 g/L total protein; 59-81 IQR, 57g/L globulins; 29-47
IQR), hypernatremia due to hypertonic dehydration (169
mmol/L; 150-165 IQR), and mixed acid-base imbalance (38
mmol/L calculated anion gap; 10-27 IQR, 49 mmol/L strong
ion difference; 30—40 IQR).

Physical examination of the urine revealed that
urinary density was lower than the critical point (1.020 re-
fractometry), and on chemical examination, proteinuria was
associated with kidney failure (0.3 g/L).

The cat was not administered any medication and
was only fed commercial food for cats with chronic kidney
failure. The cat showed improvement, and the clinical signs
decreased without worsening for three years. However, three
weeks before its death at 16 years of age, the signs intensified,
again manifesting as anorexia and vomiting once or twice a
week. By the last week of life, the cat also presented with
marked depression and was taken to a veterinarian, who diag-
nosed the cat with severe hypertension (200 mmHg; 120-140
IQR) and mild dyspnea as the unique respiratory sign.

On hematological examination, no abnormalities
were detected. Blood biochemistry revealed renal azotemia
(urea 43.00 mmol/L; 4.1-10.8 IQR and 356 mmol/L creat-
inine; 56—176 IQR), hyperphosphatemia due to renal hy-
poperfusion (4.28 mmol/L inorganic phosphorus; 0.96—1.96
IQR), hyponatremia (136.0 mmol/L sodium; 150-165 IQR)
and hypochloremia (106.0 mmol/L chloride; 112—-129 IQR)
possibly due to vomiting. On physical examination, the urine
was cloudy, and urinary density was lower than the critical
point (1.028 refractometry); additionally, chemical examina-
tion revealed proteinuria associated with kidney failure (5
g/L protein). Ultrasound was not performed in this medical
review. Notably, the cat died with these clinical manifesta-
tions and was sent for a post-mortem study at the School of
Veterinary Medicine and Zootechnics, National Autonomous
University of Mexico (Universidad Nacional Autonoma de
Meéxico — UNAM).

The body condition of the corpse was 2/5 (weight:
3.8 Kg). Macroscopically, two pulmonary nodules were

found, one in the right caudal lobe, with a 3-cm-long axis,
and another in the left caudal lobe, with a 2-cm-long axis,
both of which had irregular, firm, white-yellow edges pro-
truding from the surface and extending into the interior of
the lung parenchyma. On sections, they showed a solid and
coalescent multinodular appearance (Fig. 1). Both kidneys
were firm and white-yellow, presenting an irregular surface
with marked depressions in the renal cortex, changes consis-
tent with fibrosis (Fig. 2). Hydrothorax and ascites were also
found, which were characterized by being clear, transparent
fluids, with protein content of 2.3 g/dl, absence of fibrin,
triglycerides, bacteria and specific weight of 1.012 (pure
transudate). During necropsy, samples of all organs were
taken, fixed in 10% neutral buffered formalin, processed using
a routine histological technique, and embedded in paraffin.
Sections (4 wm) were stained with hematoxylin and eosin.

Histopathologically, the pulmonary nodules were
composed of non-encapsulated neoplastic tissue consisting of
monolayers of uniform, cuboidal epithelial cells, consistent
with pneumocytes, lining fibrovascular spaces resembling
alveolar walls (Fig. 1). The nuclei were round to oval, with
extended chromatin, and scant cytoplasm. The mitotic count
ranged from 0 to 1 under a high-magnification field (X 400).
According to the 2015 WHO Classification of Tumors of the
Lung, Pleura, Thymus and Heart (4, 11, 24, 25), neoplastic
tissue in both lung lobes is classified as lepidic-predominant
adenocarcinoma of the lung — a primary pulmonary adeno-
carcinoma of the lepidic subtype without stromal invasion
(in situ).

Microscopic lesions in both kidneys were similar,
characterized by multifocal cysts, with severe multifocal
lymphoplasmacytic interstitial nephritis, moderate multifocal
glomerulosclerosis, severe generalized interstitial fibrosis,
severe generalized tubular degeneration, and moderate mul-
tifocal mineralization (Fig. 2).

An immunohistochemical (IHC) analysis was per-
formed using the streptavidin-biotin-peroxidase complex
method and diaminobenzidine as chromogen to confirm the
histopathological diagnosis of lung neoplastic tissue. Ac-
cording to the criteria of Wang et al. (26), immunostaining
is considered weak when less than 25% (+) neoplastic cells
were stained, intermediate when 25 to 75% (+++) cells were
stained, and strong when more than 75% (+++) cells were
stained. The primary antibodies, dilutions, positive con-
trol tissues, immunopositivity sites in neoplastic epithelial
cells, and the interpretation of the results are summarized
in Table 1 (Fig. 3).

Discussion

Adenocarcinomas account for more than 50% of
primary pulmonary neoplasms in senior cats (> ten years),
more commonly in females, and Persian cats seem to be
overrepresented (2, 9, 10, 21). In cats, these neoplasms can
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Figure 1. A- Ventrocaudal view of the lung showing neoplastic nodules in both caudal lobes (arrows). B- Lung
section showing a close-up of a neoplastic nodule (arrow). C- Histological appearance of a lepidic-predominant
adenocarcinoma (H&E, 50X). D- Detail of an adenocarcinoma, characterized by alveolar septa covered by
a single layer of neoplastic epithelial cells that do not invade the connective tissue (H&E, 200X).

be either single or multiple and commonly occur in the caudal
pulmonary lobes; this location has been reported in up to 79%
of the cases, thus matching the location of the adenocarcino-
mas in this case report (1, 2, 18, 21, 27).

Early detection of lung tumors in cats is difficult be-
cause clinical signs, such as lethargy, hyporexia, regurgitation,
vomiting, and diarrhea, are often nonspecific. Respiratory
signs, such as cough and dyspnea, generally do not present un-
til lung neoplasms have grown sufficiently to impair the health
of the animals or these produce abundant pleural effusion
(3,9, 15, 19). In this case, anorexia, vomiting, weight loss,
hydrothorax, and ascites were mainly associated with chronic
kidney failure, lasting approximately three years, which was
corroborated by blood biochemistry and a post-mortem study,
based on which kidney failure was identified as the cause

of death and lung neoplasms as incidental findings. On the
other hand, hematologic and biochemical profile changes in
cats with lung neoplasm as unique lesions are not common.
However, they may occur in some cases, including anemia
or neutrophilic leucocytosis as described in cats with metas-
tasis pulmonary carcinomas (“feline lung-digit syndrome™)
(14, 16, 23).

The extent and stage of lung tumors in humans are
clinically determined using the primary tumor, lymph nodes,
and metastases (TNM) staging system proposed by the Amer-
ican Joint Committee on Cancer (AJCC) and the International
Association for the Study of Cancer (IASLC) published in
2017 (20). According to this proposal, pulmonary adenocar-
cinomas found in this cat in the post-mortem study would
have been clinically classified as low grade: Tis (in situ)
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Figure 2. A- Gross appearance of a kidney showing an irregular surface and depressions in the renal cortex. B-
Longitudinal section of the kidney; note the depressions in the renal cortex. C- Histological appearance of the kidney,
showing cysts (asterisks) and inflammatory infiltrate with mononuclear cells in the interstitium (arrow) (H&E,
100X). D- Renal medulla showing fibrosis (asterisk) and calcification of renal tubules (arrow) (H&E, 400X).

Table 1. Primary antibodies used in immunohistochemical analysis and immunostaining characteristics.

Antibody Host (clone) Dilution Source Positive Immunostaining site
control
Thyroid transcription factor-1 (TTF-1) Mouse 8G7G3/1 1:100 Biocare Medical Lung ++ Nucleus
Napsin A Mouse 1:100 Biocare Medical Lun + Cytoplasm
ps TMU-Ad 02 : ocare Medic ung ytoplas:
. Mouse Santa Cruz
- : ++
Surfactant protein B (SP-B) m” 1:100 Biotechnology Lung Cytoplasm
Pancytokeratin Mouse 1:100 Biocare Medical Colon ++ Cytoplasm
Y AE1/AE3 ' ytop
+

Vimentin Mouse 1:100 Biocare Medical Colon Cytoplasm and basal

V9 membranes

Weak immunostaining, < 25% (+), intermediate immunostaining, ranging from 25—
75% (++), strong immunostaining, > 75% (+++) (Wang et al. 2020)
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Figure 3. Immunostaining with different biomarkers for cat lepidic-predominant adenocarcinoma
of the lung. A- Napsin A, positive control (lung) (200X). B- TTF-1 (400 X). C- Napsin A (400X).
D- SP-B (400X). E- Pancytokeratin (400X). F- Vimentin (400X). Hematoxylin contrast.

adenocarcinoma, NO (no regional lymph node metastasis)
and MO (no distant metastasis). Approximately 75-80% of
cats with primary lung cancer present with metastasis (10,
15, 9), which did not occur in this cat, possibly due to the low
grade of the adenocarcinoma, which would also explain why
the cat did not show evidence of severe respiratory disease.
Although this subtype of adenocarcinoma has good clinical
prognoses when detected early, had this cat not died of chronic
kidney failure, the adenocarcinoma would have likely become
invasive, with the potential for metastasis.
Lepidic-predominant adenocarcinoma of the lung
(previously known as bronchioloalveolar carcinoma), as in the
present case, is characterized by preexisting alveoli, whose
septa were covered by a single layer of neoplastic epithelial
cells, corresponding to type Il pneumocytes, similar to a row of
butterflies perched on a branch, without extending to the stroma,
blood vessels, or pleura (in situ adenocarcinoma) and preserving
lung architecture (8, 27). Human studies have shown that lepid-
ic-predominant adenocarcinomas are usually low-grade tumors.
Therefore, they have a good clinical prognosis after surgical

resection (8, 30). Of the lung adenocarcinomas in cats, the sub-
type lepidic seems to be one the least common. In this regard,
in a recent histopathological study of 39 lung adenocarcinomas
in cats, only 2 (5.1%) were classified as subtype lepidic (21).
Lung adenocarcinomas are usually positive for
Thyroid Transcription Factor-1 (TTF-1). This biomarker is
expressed in type II pneumocytes, Club cells, and bronchial
basal cells (10, 22). Napsin A is an aspartic protein involved
in the maturation of surfactant protein B, which is expressed
in type II pneumocytes. Cytoplasmic positivity has been
described in more than 90% of primary lung adenocarcino-
mas (5). Conversely, Surfactant Protein B (SP-B) is found
in the pulmonary surfactant, which is also produced by type
IT pneumocytes (29). Although Pancytokeratin (AE1/AE3
clone) is not specific to lung cells, this biomarker helped to
determine the epithelial origin of the neoplasm (7). As in
the present case, immunopositivity for Vimentin has been
described in the cytoplasm of lung adenocarcinoma cells (7,
8). The absence of neoplasms in other organs or lymphoid
nodes, the histological characteristics of the lung neoplasms,
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and the positive TTF-1, Napsin A, and SP-A immunostaining
supported the bronchioalveolar origin of the neoplasms.

According to the histological characteristics, lepid-
ic-predominant adenocarcinoma of the lung should be dif-
ferentiated from other subtypes of adenocarcinomas, such as
acinar, papillary, solid, and micropapillary adenocarcinomas;
however, the particularities and cellular arrangements of
these subtypes suffice to differentiate them from each other
(8, 27). In addition to adenocarcinomas and their subtypes,
differential diagnoses also identify other epithelial neoplasms
of the lung, which are histologically classified as non-small
cell carcinomas, including squamous (SCC), large (LCC), and
adenosquamous (ACC) cell carcinomas. However, they mark-
edly differ from adenocarcinomas histologically (8, 27). SCC
exhibits varying degrees of keratinization, concentric layered
keratin sheets (keratin pearls), and intracellular desmosomes
(intercellular bridges). LCC is a neoplasm consisting of large
tumor cells with marked anisocytosis, anisokaryosis, pleo-
morphism, and binucleate cells. ACC has a glandular and
squamous component (8, 27). Additionally, possible renal or
colon adenocarcinoma metastases, among others, should be
ruled out, thereby requiring IHC with specific biomarkers for
type II pneumocytes and surfactants (TTF-1, Napsin A and
SP-B) (17, 28).In addition to IHC, molecular markers should
be used to identify genetic mutations for specific treatments
against lung cancer, as applied in humans (25).

Chronic kidney disease is highly common in geriatric
domestic cats older than 12 years (6). Often, no specific cause
is found; however, this condition has been associated with
polycystic kidneys, renal lymphomas, bacterial nephritis, fe-
line infectious peritonitis, and urolithiasis. Cats may manifest
weakness, fatigue, anorexia, vomiting, diarrhea, polydipsia,
polyuria, weight loss, dehydration, and abdominal pain, which
are some signs detected in this cat (6).
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