OPEN

Case Series REPORTS

Journal of Feline Medicine and Surgery Open
Reports

Invasive tracheal neoplasia in eight o

. " . © The Author(s) 2017
cats: descriptive cases and review Reprints and permissions:
of the current literature

sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/2055116917690074
journals.sagepub.com/home/jffmsopenreports

This paper was handled and processed
by the American Editorial Office (AAFP) for
publication in JFMS Open Reports

James Howard', Jade Fisher2 and M Katherine Tolbert? ®SAGE

Abstract

Case series summary This case series describes eight cases of invasive tracheal neoplasia that were recognized
between the years 1989 and 2014 from a single tertiary referral hospital. This is a disproportionately high number
of cases compared with the total number of reports in the current literature..

Relevance and novel information Invasive tracheal neoplasia is uncommonly diagnosed in domestic cats. Feline
tracheal tumors mimic other upper respiratory diseases making diagnosis challenging. Prognosis is guarded to
grave, with most cats surviving less than 1 month after beginning treatment. Severe respiratory distress in cats
often warrants humane euthanasia. Appropriate clinical suspicion and awareness can expedite diagnoses leading
to prolonged survival rates with appropriate treatments. This case series represents the largest number of feline
tracheal tumors reported and also describes the first unique histological presentation of what the authors believe to

be a poorly differentiated tracheal carcinoma.

Accepted: 30 December 2016

Introduction
Invasive tracheal neoplasms, tumors arising from lumi-
nal and extraluminal tracheal cell lineages that invade
the lumen, are rarely reported in veterinary medicine.
The largest published review of feline tracheal tumors
described 19 feline cases.! Only 16 additional case reports
have been published, illustrating the infrequency with
which this disease is recognized in cats.>"1>

There are no reported predisposing risk factors asso-
ciated with invasive tracheal tumors. Cats with tracheal
tumors are presented with non-specific upper respira-
tory signs such as dyspnea, wheezing, exercise intoler-
ance and coughing.! Thus, accurate diagnosis is
challenging and intervention is often delayed. However,
with appropriate diagnostics, tracheal tumors can be
promptly identified. This case series describes the larg-
est number of cases reported from one institution.

Case series description

Eight invasive tracheal tumors were diagnosed between
the years 1989 and 2014 at the University of Tennessee
Veterinary Medical Center. Cats were excluded (n =
9/17) from this report if they did not have a definitive

cytologic or histopathologic diagnosis, or if they had
extraluminal tracheal masses without intraluminal inva-
sion. Data collection included signalment, presenting
complaint, physical examination findings, treatment,
feline immunodeficiency virus/feline leukemia virus
status, diagnostic results and outcomes. Descriptive
analysis alone was performed owing to small sample
size and inconsistent records, which precluded statistical
analysis.
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Case 1

An 1l-year-old, female spayed domestic longhair cat
weighing 2.95 kg was presented with a 1 day history of
respiratory distress that was exacerbated by stress and
exercise. Radiographs showed a generalized megae-
sophagus, an air-filled caudal pharynx and carina com-
pression. Exploratory thoracotomy revealed a tumor,
later diagnosed as a tracheal adenocarcinoma, invading
the right cranial lung lobe, esophagus and trachea. The
cat was euthanized owing to the infiltrative disease.

Case 2

A 15-year-old, female spayed domestic shorthair cat
weighing 3.34 kg was presented with a 14-21 day history
of progressive respiratory distress secondary to a previ-
ously diagnosed tracheal tumor. The cat was lethargic,
cyanotic and maintained an orthopneic posture. There
was marked expiratory stridor, wheezing, coughing and
gagging. A fluoroscopic-guided debulking procedure
was attempted, which resulted in a pneumothorax and
hemothorax because of the extensive invasion and necro-
sis of the tumor. The cat was euthanized. On necropsy, a
2 cm X 2 cm multi-lobulated mass occluded approxi-
mately 60-70% of the intraluminal tracheal space. The
mass was diagnosed as a low-grade adenocarcinoma.

Case 3

A 14-year-old, female spayed domestic shorthair cat
weighing 6.8 kg was presented for a 1 month history of
progressive dyspnea, wheezing, gagging and acute cya-
nosis. Cervical radiographs showed a 1.5 cm, sessile-
based obstructive tracheal mass at the level of C5.
Tracheoscopy was performed and no mass was visual-
ized. A cervical exploratory was performed. The mass
was identified in the distal trachea near the thoracic
inlet. A four-ring tracheal resection and anastomosis was
performed. Histologically, the mass was diagnosed as
tracheal lymphoma. The cat showed no signs of dyspnea
following surgery. Its clinical signs resolved during post-
operative monitoring. Long-term response to therapy is
unknown as the cat was lost to follow-up.

Case 4

A 7-year-old, male castrated domestic shorthair cat
weighing 9.55 kg was presented in severe respiratory
distress, with cyanosis and foaming at the mouth. There
was no history of heart disease. Thoracic radiographs
showed mild peribronchiolar infiltrates with a bronch-
ointerstitial pattern in the caudodorsal lung fields. A
laryngeal examination was performed under sedation,
revealing a 2 cm X 2 cm mass caudal to the larynx caus-
ing near complete occlusion of the tracheal lumen.
Aggressive debulking was performed. The cat improved
dramatically following the procedure, with no observa-
ble respiratory distress during recovery. The biopsy

results were consistent with a salivary gland adenocarci-
noma. The cat remained asymptomatic and survived 23
months before being lost to follow-up.

Case 5

An 1l-year-old, female spayed domestic shorthair cat
weighing 3.18 kg was presented for a 15 day history of
stridorous, inspiratory dyspnea. There was an increased
end-expiratory abdominal component to its breathing
pattern. Thoracic radiographs revealed a soft-tissue
mass cranial to the carina. Tracheoscopy was performed
and a large, broad-based intraluminal mass was found
occluding 80% of the airway. The mass, which extended
into the left mainstem bronchi, was debulked and sub-
mitted for histologic evaluation. The biopsy samples
were indicative of a basal cell tumor arising from the tra-
cheal glands. This is only the second reported case of a
tracheal basal cell tumor and the first in a domestic
shorthair breed.” The cat was euthanized 44 days after
initial diagnosis, owing to severe respiratory distress.

Case 6

A 9-year-old, male castrated Bengal cat weighing 6.7 kg
was presented for a 3 month history of progressive
coughing, stridor and intermittent orthopnea. Thoracic
radiographs performed 1 month prior showed mild tra-
cheal narrowing extending from the thoracic inlet to the
level of C2-C3. Nasal CT was pursued at that time to
rule out nasal disease contributing to the upper respira-
tory signs. Tracheoscopy was also performed and
showed mild thickening of the tracheal mucosa with
small white nodules present within the tracheal lumen
with no obstruction.

One month later, the cat was presented with severe
dyspnea secondary to an upper airway obstruction.
Emergency tracheoscopy revealed a large, proliferative
intraluminal lesion near the thoracic inlet. Debulking of
the mass was attempted; however, significant luminal
obstruction remained after the procedure. Biopsy sam-
ples were submitted for evaluation and supportive of a
squamous cell carcinoma. Two months later, the cat was
represented for worsening respiratory distress. A third
tracheoscopy procedure showed almost complete occlu-
sion of the tracheal lumen. A second debulking proce-
dure was attempted with minimal success. The cat was
euthanized 110 days following the initial diagnosis.

Case 7

A 10-year-old, female spayed domestic shorthair cat
weighing 9.1 kg was presented for an 11 day history of
progressive coughing, stridor, cyanosis and open-
mouth breathing. Radiographs showed an intratracheal
soft-tissue mass at the level of the third intercostal space.
The mass occluded approximately 75% of the lumen.
Tracheoscopy confirmed the presence of two tumors. The
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Figure 1 Transverse image of cervical ultrasound from case
8. Note the degree of intraluminal invasion of the tumor and
loss of airway patency. Arrows indicate residual tracheal
lumen. Crosses demarcate boundaries of the tracheal wall

Figure 2 Gross histopathology of the tracheal tumor from
case 8. Note the marked expansion of the tracheal wal
and surrounding adventitia

first measured 3 cm in diameter and occluded 25% of the
tracheal lumen. The second mass was significantly larger,
located 1 cm caudal to the first mass. Debulking was
attempted, but its location prohibited complete excision.
Anesthetic complications necessitated termination of the
procedure. Biopsies and impression smears were submit-
ted for evaluation. A high-grade lymphoma was subse-
quently diagnosed. Palliative treatment (prednisolone,
5 mg PO ql2h) therapy resulted in a survival time of
38 days, at which time the cat was humanely euthanized.

Case 8

A 10-year-old, male castrated domestic shorthair cat
weighing 8.9 kg was presented for a 6 week duration of
worsening stridor, wheezing, intermittent coughing and
terminal retching exacerbated by exercise and stress.
Tracheal auscultation revealed loud referred upper air-
way sounds. Thoracic radiographs revealed a 3 cm soft-
tissue mass at the level of C3-C5 invading and occluding
85-90% of the tracheal lumen. There was a mild bron-
chial-unstructured interstitial pattern in all lung fields.
An esophagram ruled out extraluminal compression by

Figure 3 Neoplastic cells are replacing the mucosa (asterisk)
and extending transmurally to expand the adventitia; islands
of neoplastic cells are surrounded by a marked scirrhous
response
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Figure 4 Tracheal carcinoma. The cytoplasm of neoplastic
cells is strongly immunoreactive for cytokeratin

an esophageal mass. Cervical ultrasound showed cir-
cumferential involvement of the trachea with intralumi-
nalinvasion (Figure 1). Evaluation of fine-needle aspirate
samples from the mass was suspicious for a carcinoma.
The cat was discharged with directions for hospice care,
including piroxicam (2.5 mg PO q24h) and was humanely
euthanized 14 days later. Necropsy confirmed the pres-
ence of a circumferential tracheal mass with intraluminal
invasion (Figure 2). The tumor was submitted for histo-
pathology and subsequent immunohistochemistry
(Figures 3 and 4). Samples were fixed in 10% buffered
formalin for up to 48 h, trimmed, routinely processed for
histology, embedded in paraffin, cut at 5 ym and stained
with hematoxylin and eosin.
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Immunohistochemistry required additional formalin-
fixed, paraffin-embedded sections of the tracheal tumor
for staining using anticytokeratin (AE1/AE3) antibodies.
These slides were cut at 5 pm on charged slides, air-dried
and then heated at 60°C for 15 mins. Slides were then
deparaffinized with xylene and rehydrated through
graded ethanols to deionized water. Antigen sites were
unmasked using proteinase K (Dako) treatment at room
temperature for 5 mins. Slides were then rinsed in Tris-
buffered saline/Tween (TBST) at pH 7.6 for 10 mins
before being loaded onto the Dako Autostainer, where all
procedures are performed at room temperature and all
slides are rinsed with TBST between the following steps.
Endogenous blocks were performed by treating slides
with 3% hydrogen peroxide for 5 mins followed by a
serum-free protein block (Dako) for 5 mins. Mouse
cytokeratin AE1/AE3 primary antibodies (1:800) were
applied and incubated for 30 mins. A horseradish peroxi-
dase-labeled polymer system (Dako EnVision+System)
was applied for 30 mins followed by a 10 min application
of 3,3'-diaminobenzidine chromogen (Dako). All slides
were then taken off the Dako Autostainer, rinsed in
deionized water, then counterstained with hematoxylin
for 5 s. Slides were blued in ammonia water, then dehy-
drated through ethanol, cleared with xylene and cover-
slipped. Negative control slides were processed Universal
Negative Control+ mouse serum instead of primary
antibodies. Cytokeratin (AE1/AE3) was validated by
using respiratory epithelium and the mixed tracheal
glands as in internal control within the examined slide.

The neoplasm in this case was a carcinoma represent-
ative of epithelial origin with defined cellular nests but
no definitive glandular structures to further categorize it
as an adenocarcinoma. It is possible that this neoplasm
was a poorly differentiated adenocarcinoma or may rep-
resent a malignant transformation of tracheal epithelium
consistent with a primary tracheal carcinoma. The latter
would represent a unique tumor described in the cat.

Discussion

Eight invasive tracheal tumors represents an inordinately
high number of cases diagnosed at one institution over a
25 year period of time. In comparison, only 35 case
reports of feline intraluminal tracheal neoplasms from
multiple practices have been reported in the last four dec-
ades. Misdiagnosis and failure to pursue diagnostic tests
to evaluate for tracheal neoplasia might be contributing
factors for the small number of reported cases.

Extensive intraluminal occlusion is necessary for rec-
ognizable clinical signs. Tracheal tumors, however, are
often slow growing and clinically silent, which might be
the main contributor to delayed diagnoses. Common
clinical signs reported in cats with invasive tracheal
tumors are dyspnea, wheezing, stridor, dysphonia,
coughing, cyanosis and, rarely, hemoptysis.!'® The most

common presenting clinical signs in this series were stri-
dor (88%), wheezing (75%), cough (50%), dyspnea (50%)
and cyanosis (50%). A large percentage of cats presented
with progressive clinical signs (75%). Other less com-
monly described clinical signs were dysphagia (13%)
and gagging (25%).

Survey radiography remains the most widely availa-
ble, first-tier imaging modality for diagnosing tracheal
tumors. Tracheal tumors show no predilection for thoracic
or cervical tracheal epithelium; thus, complete tracheal
radiographs should be considered. Air within the tracheal
lumen provides excellent natural contrast enhancement
for tumors. All cats presented in this report showed radio-
graphic evidence of abnormal tracheal narrowing or com-
pression, even if an occlusive mass was not obvious.

Tracheoscopy and biopsy remain the gold standard
for diagnosing and evaluating the extent of tracheal
tumors.” Tracheoscopy was used for definitive diagno-
sis in 50% of our cases, to localize and determine the
extent of invasion. Flexible tracheoscopy is preferred
when the patient is stable and complete evaluation of the
airway is necessary.!® Rigid tracheoscopy is utilized and
recommended in emergent situations. This allows for
rapid evaluation of the proximal airway and can be
accomplished with intravenous sedation and flow-by
oxygen. If no tumor is found, bronchoalveolar lavage
and cytological brushings can be performed to evaluate
for inflammatory cells, infectious agents and neoplastic
cells from tumors not recognized during tracheoscopy.

Although CT might be unable to determine the degree
of tissue invasion, CT remains a valuable diagnostic for
intraluminal tumors.!! Indication for its use include
patients with clinical signs and no radiographic evidence
of disease, surgical planning, evaluation of peritracheal
tissue invasion, radiation planning and assessment of
the trachea distal to an occlusive lesion. Intranasal
tumors can cause dynamic tracheal collapse and mimic
clinical signs associated with tracheal disease including
coughing, wheezing and respiratory distress.! Thus,
nasal CT should be considered in selected cases.

As in other reports,! lymphoma and adenocarcinoma
were the most common diagnoses in our series (50%).
Other less common neoplasms include tracheobronchial
neuroendocrine carcinoma, basal cell carcinoma, histio-
cytic sarcoma and plasmacytoma.*”%12 To our knowl-
edge, this case series describes the first potential case of
primary tracheal carcinoma and the second case report
of basal cell carcinoma in a cat (Table 1).

Treatment options necessitate individualized patient
analysis to optimize outcome. Resection and anastomo-
sis (R&A) is the treatment of choice and can successfully
ameliorate clinical signs for patients with certain tumor
types.1620 One cat in this study underwent a four-ring
tracheal R&A. Postoperatively, its dyspnea resolved and
no respiratory distress was evident prior to discharge. A
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Table 1 Tracheal neoplasm cellular characteristics

Cell type

Squamous cell
carcinoma
Adenocarcinoma

Squamous epithelial cells =
keratin pearls
Cuboidal polygonal cells = cilia

Pattern

Islands, cords and trabeculae

Glands and acini containing

Immunohistochemistry

Cytokeratin AE1/AE3+

Cytokeratin AE1/AE3+

secretory product

Basal cell tumor
Lymphoma

Poorly differentiated basal cells
Lymphocytes

recent study states that <50% of the tracheal length can
be resected without decreasing its intraluminal diame-
ter.! However, marked bronchial changes were noted at
=30% resection of the trachea; thus, the potential for
lower respiratory complications should be discussed
with the client.?! Tension and dehiscence are life-threat-
ening complications and patients must be closely moni-
tored in the postoperative phases of healing. The
literature suggests that the prognosis for surgical resec-
tion can be promising with some tumor types. Although
one cat was presented with malignant B-cell lymphoma
and only survived 25 days following resection, two pre-
viously reported cats with adenocarcinoma underwent
surgical management, and survival times were 12
months, with the second cat being asymptomatic at its 3
month reevaluation.?? Additionally, a 32 month survival
time was documented in a cat with basal cell carcinoma
after R&A coupled with radiation therapy.” Extensive
tumor invasion limits the usefulness of surgery if sur-
rounding tissues are severely affected.” However, sur-
gery still offers the best chance of survival in patients
with extensive disease.?* Anesthetic risks and appropri-
ate ventilation must be addressed as many patients pre-
sent in severe respiratory distress.®

Bronchoscopic debulking can offer immediate
improvement in clinical signs. In cases presented in this
series that underwent bronchoscopic debulking (3/8),
all patients improved following the procedure. Survival
times varied between 44 days and 23 months.
Interestingly, the severity of presenting clinical signs did
not appear to influence survivability outcome. The
patient presenting in the most severe respiratory distress
survived the longest after an aggressive debulking pro-
cedure. Cauterizing wire snares can mitigate the life-
threatening risks of hemorrhage and hemothorax as
post-procedural complications. Reported survival times
using a wire snare technique varies between 1 and 35
months.'? One case in this series was euthanized follow-
ing a hemothorax secondary to an attempted fluoroscopic
guided-debulking procedure. As such, non-cauterizing
methods should be avoided.

Intraluminal stenting is described in the literature in
three cats presented for intraluminal tracheal stricture.®
There were no complications associated with the stent-
ing procedures and survival times were 6 weeks, 32

Islands, cords and trabeculae
Sheets and cords

Cytokeratin AE1/AE3+
CD3+ (T cell) or CD20+ (B cell)

weeks and 44 weeks. Stenting should be avoided if sur-
gical resection is an option. No cats had stent placement
in our series. Prior to stent placement, advanced imaging
is recommended for accurate choice of the implant.
Radiographs consistently underestimated tracheal diam-
eter in a cadaveric canine study.?® This study showed
that reliance on radiographic measurements would con-
tribute to stent shortening in the clinical patient as it
expanded within the tracheal lumen.? Additional cadav-
eric studies are necessary to determine if the same should
be anticipated for cats; however, data extrapolation for
surgical planning based on experience in dogs is cur-
rently advised.

Permanent tracheostomies have been evaluated as a
treatment option and should be approached with extreme
caution. Tracheostomy procedures are associated with
high morbidity and mortality rates in cats, with a reported
mean survival time of 20.5 days.?® In a similar study, there
were life-threatening complications in 40% of cases with
a mean survival time of 3.3 days.” In this series, no cats
were treated with permanent tracheostomies.

Staging is a necessary component for developing suc-
cessful treatment strategies in all cancer patients and
those with tracheal tumors are no exception.
Chemotherapy and radiation treatments are recom-
mended at the authors’ institution for localized, non-
resectable tumors, as well as for patients with metastatic
disease. These treatments are not curative but might
delay local recurrence and further metastasis.
Chemotherapy and definitive or palliative radiation
were recommended in 75% (6/8) of cases in this series,
but no protocols were pursued as front-line therapy.

Palliative care options exist and are indicated based on
the severity of disease and owner’s expectations. Primary
therapies include steroids, antibiotics, bronchodilators
and non-steroidal anti-inflammatories  (NSAIDs).
NSAIDs are predominately the treatment of choice for
carcinomas as these downregulate COX expression and
might limit the rate of metastatic disease.?$?

Prognostication is difficult for cats with tracheal
tumors given the scarcity of reported cases. Guarded
outcomes might be related to delayed diagnosis and pro-
gression of disease.® Inappropriate treatment selection
might also play a role in poor survival times. Tumor type
and extent of invasion are important factors when
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selecting for treatments. Median survival time in one
study was 15.5 days (range 1-1109 days).!® Cats in this
series survived between 0 and 700 days. Overall, the
prognosis for cats with neoplastic tracheal disease
remains guarded to grave, regardless of the tumor type.

Conclusions

Cats with tracheal tumors are often presented with non-
specific upper respiratory signs, which can make accu-
rate diagnosis challenging. In cases reported in this
series, radiographs and tracheoscopy with biopsy were
the most useful diagnostic modalities available to the
practitioner. Many treatment options exist, but overall
prognosis for tracheal tumors in cats remains guarded.
Increases in clinical suspicion, accurate diagnoses and
reporting might lead to a higher prevalence than previ-
ously described, resulting in improved treatment proto-
cols and outcomes in the future.

Funding The authors received no financial support for the
research, authorship, and/or publication of this article.

Conflict of interest The authors declared no potential con-
flicts of interest with respect to the research, authorship, and/
or publication of this article.

References

1 Brown MR and Rogers KS. Primary tracheal tumors in
dogs and cats. Compendium 2003; 25: 854-860.

2 Scherer S, de Souza Muccillo M, Queiroga LB, et al. Stent
placed by endoscopy for the treatment of tracheal obstruc-
tion caused by a tumor in a domestic cat. Acta Sci Vet 2013;
41:1-5.

3 Kim D, Kim J, Taylor HW, et al. Primary extranodal lym-
phosarcoma of the trachea in a cat. | Vet Med Sci 1996; 58:
703-706.

4 Rossi G, Magi GE, Tarantino C, et al. Tracheobronchial
neuroendocrine carcinoma in a cat. ] Comp Pathol 2007; 137:
165-168.

5 Culp WTN, Weisse C, Cole SG, et al. Intraluminal tracheal
stenting for the treatment of tracheal narrowing in three
cats. Vet Surg 2007; 36: 107-113.

6 Drynan EA, Moles AD and Raisis AL. Anaesthetic and
surgical management of an intra-tracheal mass in a cat.
J Feline Med Surg 2011; 13: 460-462.

7 Green ML, Smith J, Fineman L, et al. Diagnosis and treat-
ment of tracheal basal cell carcinoma in a Maine Coon and
long-term outcome. | Am Anim Hosp Assoc 2012; 48: 273-277.

8 Jelinek F and Hozmanova F. Lymphoma of the trachea in a
cat: a case report. Vet Med 2012; 57: 150-153.

9 Bell R, Philbey AW, Martineau H, et al. Dynamic tracheal
collapse associated with disseminated histiocytic sarcoma
in a cat. | Small Anim Pract 2006; 4: 387-392.

10 Brown EM, Rademacher N, Gieger TL, et al. What is your
diagnosis? | Am Vet Med Assoc 2010; 236: 953-954.

11 Dugas B, Hoover ] and Pechman R. Computed tomogra-
phy of a cat with primary intratracheal lymphosarcoma
before and after systemic chemotherapy. | Am Anim Hosp
Assoc 2011; 47: 131-137.

12 Queen EV, Vaughan MA and Johnson LR. Bronchoscopic
debulking of tracheal carcinoma in 3 cats using a wire
snare. | Vet Intern Med 2010; 24: 990-993.

13 Jelinek F and Vozkova D. Carcinoma of the trachea in a cat.
J Comp Pathol 2012; 147: 177-180.

14 Essman S and Wells K. What is your diagnosis? | Am Vet
Med Assoc 2002; 4: 3451-452.

15 Katayama M, Okamura Y, Katayama R, et al. Presumptive
acute lung injury following multiple surgeries in a cat.
Can Vet ] 2013; 54: 381-386.

16 Jakubiak M]J, Siedlecki CT, Zenger E, et al. Laryngeal,
laryngotracheal, and tracheal masses in cats: 27 cases
(1998-2003). ] Am Anim Hosp Assoc 2005; 41: 310-316.

17 Jamjoom L, Obusez EC, Kirsch J, et al. Computed tomog-
raphy correlation of airway disease with bronchoscopy
— part II: tracheal neoplasms. Curr Probl Diagn Radiol 2014;
143: 278-284.

18 Sobel DS. Endoscopy of the upper respiratory tract: rhi-
nosinusoscopy, pharyngoscopy, and tracheoscopy. In:
Moore AH and Ragni RA (eds). Clinical manual of small
animal endosurgery. 1st ed. Ames, IA: Blackwell Publish-
ing, 2012, pp 231-253.

19 Fujita M, Miura H, Yasuda D, et al. Tracheal narrowing
secondary to airway obstruction in two cats. | Small Anim
Pract 2004; 45: 29-31.

20 Bhattacharyya N. Contemporary staging and prognosis
for primary tracheal malignancies: a population-based
analysis. Otolaryng Head Neck, 2004; 131: 639-642.

21 Souza C and Reinero C. Effects of successive tracheal
resection and anastomosis on tracheal diameter and
position of lobar bronchi in dogs. Am | Vet Res, 2016; 77:
658-663.

22 Evers P, Sukhiani HR, Sumner-Smith G, et al. Tracheal
adenocarcinoma in two domestic shorthaired cats. | Small
Anim Pract 1994; 35: 217-220.

23 Gaissert HA, Honings ] and Gokhale M. Treatment of
tracheal tumors. Semin Thorac Cardiovasc Surg 2009; 21:
290-295.

24 Honings J, van Dijck JA, Verhagen AF, et al. Incidence and
treatment of tracheal cancer: a nationwide study in the
Netherlands. Ann Surg Oncol 2006; 14: 968-976.

25 Montgomery JE, Mathews KG, Marcellin-Little D], et al.
Comparison of radiography and computed tomography
for determining tracheal diameter and length in dogs. Vet
Surg 2015; 44: 114-118.

26 Stepnick MW, Mehl ML, Hardie EM, et al. Outcome of
permanent tracheostomy for treatment of upper airway
obstruction in cats: 21 cases (1990-2007). | Am Vet Med
Assoc 2009; 5: 638—643.

27 Guenther-Yenke CL and Rozanski EA. Tracheostomy
in cats: 23 cases (1998-2006). | Feline Med Surg 2007; 9:
451-457.

28 DiBernardi L, Dore M, Davis JA, et al. Study of feline oral
squamous cell carcinoma: potential target for cyclooxy-
genase inhibitor treatment. Prostaglandins Leukot Essent
Fatty Acids 2007; 76: 245-250.

29 Doré M. Cyclooxygenase-2 expression in animal cancers.
Vet Pathol 2011; 48: 254-265.

30 Honings J, Gaissert HA, van der Heijden HEM, et al. Clini-
cal aspects and treatments of primary tracheal malignan-
cies. Acta Otolaryngol 2010; 130: 763-772.





