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Introduction
Ionizing radiation is a recognized carcinogen by the 
World Health Organization, contributing to genetic 
instability and cancer risk via formation of single- and 
double-standed DNA breaks in irradiated cells.1–3 While 
radiation therapy has therapeutic benefit in the treat-
ment of a variety of cancers, secondary malignant neo-
plasm (SMN) is an unfortunate late risk of therapy. 

The incidence of radiation-induced neoplasia in 
human patients is estimated to be <1% to 2%; how-
ever, the incidence in veterinary patients is unknown.4 
Few documented reports of SMN exist for veterinary 
species, and the majority of reported cases describe 
sarcoma development following radiation therapy in 

dogs.5–10 Epithelial SMNs appear less common and 
infrequent reports exist in both human and veterinary 
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Abstract
Case summary A case of nasal adenocarcinoma as a suspected secondary malignant neoplasm following 
definitive radiation therapy and multiagent chemotherapy for nasal lymphoma is described. An 11-year-old spayed 
female domestic shorthair cat was presented for a 3-week history of progressive facial swelling located over the 
nasal planum and extending to the medial canthus of the right eye. The cat was previously diagnosed with nasal 
lymphoma and treated with chemotherapy and definitive radiation 2.5 years prior. Although a definitive diagnosis 
could not be obtained via cytology, recurrent lymphoma was suspected based on the cat’s history and recurrent 
clinical signs. A lymphoma-directed chemotherapy protocol was attempted, but no clinical response was achieved. 
The cat was euthanased owing to progressive clinical signs and a diagnosis of nasal adenocarcinoma was made 
on necropsy examination. Both the original diagnosis of nasal lymphoma and the secondary diagnosis of nasal 
adenocarcinoma were confirmed with immunohistochemistry. 
Relevance and novel information Secondary malignant neoplasm following radiation therapy is infrequently 
reported in the veterinary literature. In the few reports that exist, most have described sarcoma development in the 
dog following radiation therapy. In the present report, we describe a cat with a suspected radiation-induced nasal 
adenocarcinoma that developed 2.5 years after definitive radiation treatment for nasal lymphoma.
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literature.10,11 Very few cases of radiation-induced 
tumors have been reported in cats, and to our knowl-
edge there are no confirmed reports of radiation-
induced adenocarcinomas following external beam 
radiation described in this species. In the present 
report, we describe a case of nasal adenocarcinoma as 
a suspected SMN in a cat following definitive radia-
tion and multi-agent chemotherapy for nasal 
lymphoma.

Case description
An 11-year-old spayed female domestic shorthair cat was 
presented to Oregon State University Lois Bates Acheson 
Veterinary Teaching Hospital (OSU VTH) for evaluation 
of progressive facial swelling. The swelling had devel-
oped over 3 weeks and was located over the nasal pla-
num and extended to the medial canthus of the right eye 
(OD). Previous medical history included diagnosis and 
treatment for nasal lymphoma 2.5 years prior. At that 
time, the cat was presented to OSU VTH for evaluation of 

right-sided serous nasal discharge, sneezing and exoph-
thalmos OD. 

CT of the skull revealed a soft tissue-attenuating mass 
within the caudal right nasal cavity, extending from the 
roots of the upper canines to the nasopharynx and filling 
the right frontal sinus and retrobulbar space, causing 
exophthalmos OD (Figure 1). Lysis of the cribriform plate 
was detected without obvious intracranial extension by the 
mass. The mass was biopsied, and histopathology revealed 
monomorphic intermediate-sized lymphocytes, consistent 
with a diagnosis of lymphoma. Immunohistochemistry 
was not performed at the time of diagnosis. Additional 
staging, including abdominal and thoracic imaging and a 
bone marrow aspirate, was recommended but declined by 
the owner.

The cat’s owner elected to move forward with defini-
tive radiation therapy; however, owing to the patient’s 
respiratory compromise from the tumor, chemotherapy 
was recommended prior to the initiation of radiation ther-
apy. The patient was treated with a multi-drug protocol 

Figure 1 Transverse CT images of the rostral aspect of the nose at (a–c) the level of the maxillary canine teeth and (d–f) the 
level of the orbit at initial presentation, with images (a) and (d) in a bone window (window width = 2700, window level = 350) 
and images (b) and (c) in a soft tissue window (window width = 320, window level = 30) setting. (e,f) Post-intravenous iodinated 
contrast agent administration in a soft tissue window setting. In the right nasal cavity, extending from (a–c) the maxillary canine 
teeth to the (d–f) rostral aspect of the nasopharynx and into the right frontal sinus is a large, moderately and heterogeneously 
contrast-enhancing soft tissue-attenuating mass, which causes moderate-to-severe lysis of the right-sided nasal turbinates and 
maxillary bone at the medial aspect of the right orbit. A moderate right-sided exophthalmos is noted. This right-sided severely 
destructive sinorhinopathy and mass was biopsied and diagnosed as lymphoma. R = right; L = left
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with a typical cycle consisting of daily oral prednisolone 
(1 mg/kg [PrednisTab; Lloyd]) for the duration of treat-
ment, intravenous (IV) vincristine (0.45–0.5 mg/m2 
[generic; Hospira]) on weeks 1 and 3, oral cyclophospha-
mide (200 mg/m2 [compounded; Northwest 
Compounding Pharmacy]) on week 2, IV cytosine arabi-
noside (100 mg/m2 [generic; Hospira]) on week 4 and no 
treatment on week 5 (COAP protocol).

 Clinical signs resolved by week 6 of COAP therapy, 
after which further chemotherapy treatments were sus-
pended until completion of the radiation therapy. 
Radiation therapy, consisting of 18 fractions of 3 Gy, was 
delivered over 4 weeks (Monday–Friday) for a total dose 
of 54 Gy. Further details of the radiation therapy plan 
were not available besides the prescription. The COAP 
protocol was resumed after completion of radiation ther-
apy for a planned total of 19 weeks. Monthly physical 
examinations, as well as a recheck CT scan, were recom-
mended following completion of therapy but were 
declined by the owner. The cat was reported to be 
symptom free until the onset of facial swelling approxi-
mately 2.5 years later, prompting veterinary evaluation.

At the time of re-presentation, additional abnormalities 
noted on physical examination included inspiratory ster-
tor, decreased airflow from the right nostril, epiphora OD, 
elevated nictitating membrane of the left eye (OS), thin 
body condition, generalized muscle wasting and apparent 
pain on oral examination. No overt nasal discharge was 
noted and both eyes retropulsed normally. Initial diagnos-
tic tests included a complete blood count (CBC), serum 
biochemical profile, urinalysis and CT of the skull. 

The CBC revealed a moderate leukocytosis (21,160 cells/
µl: reference interval [RI] 5500–19,500 cells cells/µl) charac-
terized by a mature neutrophilia (20,102 cells/µl: RI 
2500–12,500 cells/µl), and a moderate microcytic, 
hypochromic non-regenerative anemia (packed cell vol-
ume [PCV] 21%: RI 30–45%). No clinically significant 
abnormalities were noted on serum biochemical profile 
and urinalysis. CT revealed a heterogeneously contrast-
enhancing soft tissue mass extending from the right nostril 
into the ventrorostral aspect of the right nasal cavity. 
Extensive lysis of the incisive, nasal and maxillary bones, 
and multifocal lysis of the hard palate was apparent in the 
rostral aspect of the left and right nasal cavity (Figure 2). 

Figure 2 Transverse CT images of the rostral aspect of the nose at the (a–c) level of the maxillary canine teeth and (d–f) the 
level of the orbit approximately 2.5 years after initial presentation with images (a) and (d) in a bone window (window width = 
2700, window level = 350) and (b) and (c) in a soft tissue window (window width = 320, window level = 30) setting. (e,f) Post-
intravenous iodinated contrast agent administration in a soft tissue window setting. (a–c) The soft tissues along the right rostral 
aspect of the nose, predominately in the area of the nares and extending mildly into the most rostral aspect of the nasal cavity, 
are thickened and moderately heterogeneously contrast enhancing. Along the medial aspect of the right orbit, a small defect  
is noted in the right maxilla at the site of the previous destructive nasal mass 2.5 years prior; however, the previously noted right 
nasal cavity, nasopharyngeal and right retrobulbar mass is not identified in this study. The hyperattenuating aspect of the right 
lens is moderately decreased in size and irregular in margination, which was not noted in the initial CT and is thought  
to be secondary to radiation treatment. R = right; L = left
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Compared with the initial CT evaluation 2.5 years prior, the 
margins of the right orbit appeared more continuous and 
well defined, the cribriform plate appeared intact, and the 
previously affected nasopharynx and right frontal sinus no 
longer contained a soft tissue mass (Figure 3). A percutane-
ous fine-needle aspirate of the new nasal mass was per-
formed, and results of cytology were consistent with 
suppurative inflammation without an obvious underlying 
infectious etiology. Biopsy of the lesion for histopathologi-
cal analysis, as well as abdominal and thoracic imaging 
were strongly recommended, but were declined by the 
owner. Lacking additional information, a presumptive 
diagnosis of relapsed nasal lymphoma was made based on 
patient history and recrudescence of similar clinical signs.

Treatment options for a presumed relapse of nasal 
lymphoma, including radiation therapy and chemo-
therapy, were discussed with the owner. Ultimately, it 
was elected to proceed with a similar COAP protocol as 
previously performed. Therapy included initial treat-
ment with subcutaneous L-asparaginase (400 units/
kg [compounded; KRS Global Compounding 
Pharmacy]), IV vincristine (0.45 mg/m2 [generic; 
Hospira]) and oral cyclophosphamide (250 mg/m2 
[compounded; Northwest Compounding Pharmacy]).

On presentation for the next scheduled treatment 
with vincristine (COAP week 3), the cat was reported to 
have a decreased appetite and activity level, and exhib-
ited progressive facial swelling, hypersalivation and 
severe bilateral mucoid nasal discharge. Treatment with 
vincristine was postponed and additional diagnostics 
were pursued, including a CBC, serum biochemical pro-
file, cryptococcal lateral flow antigen assay and CT of 
the skull. 

The CBC revealed a static moderate normocytic, nor-
mochromic non-regenerative anemia (PCV 22%; RI 30–
45%) and a marked leukocytosis (55,930 cells/µl; RI 
5500–19,500 cells/µl) characterized by a mature neutro-
philia with mild toxicity (neutrophils 53,693 cells/µl; RI 
2500–12,500 cells/µl). No clinically significant abnor-
malities were noted on serum biochemical profile. The 
cryptococcal lateral flow antigen assay was negative.

CT revealed progressive destructive rhinitis, enlarge-
ment of the previously documented nasal cavity mass 
and a progressive soft-tissue mass extending from the 
nasal cavity into the right orbit (Figure 4). Biopsy of the 
mass was again strongly encouraged but declined by 
the owner. The cat was hospitalized for supportive care 
with IV fluids, ampicillin/sulbactam (30 mg/kg IV q8h 
[Unasyn; Pfizer]), robenacoxib (2 mg/kg SC q24h 
[Onsior; Elanco]) and buprenorphine [0.02 mg/kg IV 
q8h [generic; Par Pharmaceutical]). Owing to the pro-
gression of clinical signs and a decline in quality of life, 
the owner elected humane euthanasia 4 days later.

Subsequent gross necropsy identified a firm swell-
ing over the bridge of the nose. Upon incision of the 
underlying tissue, a solid, tan mass was apparent, 
which had effaced the right nasal bone and rostral 
right nasal turbinates. On histopathologic examina-
tion, the mass consisted of neoplastic cuboidal-to-
polygonal epithelial cells containing round-to-ovoid 
nuclei and exhibiting moderate anisocytosis and 
anisokaryosis. Cuboidal cells were sometimes ciliated 
and arranged in nests and cords, forming tubules filled 
with mucinous material. There was no evidence of 
recrudescence of the previously diagnosed nasal lym-
phoma or evidence of neoplasia elsewhere in the body. 
Following necropsy, immunohistochemical staining of 
tissue sections from the original mass and new mass 
was performed with commercially available antibod-
ies for pan T-lymphocyte marker CD3, B-cell antigen 
receptor CD79a and cytokeratin markers. Results con-
firmed the original diagnosis of nasal lymphoma and 
the final diagnosis of nasal adenocarcinoma (Figure 5).

Discussion
Lymphoma is the most common nasal tumor in cats, fol-
lowed by epithelial tumors, including adenocarcinoma 
and squamous cell carcinoma.12 Radiation therapy is 

Figure 3 Dorsal CT images of the skull post-intravenous 
iodinated contrast agent administration in a soft tissue 
window setting (window width = 320, window level = 30). 
(a) At initial presentation, a heterogeneously contrast-
enhancing mass (nasal lymphoma) is noted in the right 
nasal cavity extending into the right retrobulbar space. 
Lysis of the right maxillary bone along the medial aspect of 
the right orbit is noted. (b) At re-presentation, approximately 
2.5 years after the initial presentation, a mild diffuse 
thickening and heterogeneous contrast enhancement of 
the soft tissues (suspected secondary malignant neoplasm, 
nasal adenocarcinoma) along the right aspect of the nose 
and face is noted. No mass is noted in the mid-to-caudal 
aspect of the right nasal cavity. The right eye is in a normal 
position. R = right; L = left
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generally regarded as the gold standard for treatment of 
nasal lymphoma and treated patients often enjoy long 
median survival times, with reports of 456 days with 
radiation alone and 174–955 days when combined with 
chemotherapy.13,14 The cat in this report survived 1031 
days following initial diagnosis of nasal lymphoma, con-
sistent with other reports of extended survival times for 
nasal lymphoma treated with radiation and/or chemo-
therapy. While the therapeutic benefit of chemotherapy 
and radiation therapy for feline nasal lymphoma is gen-
erally well recognized, to our knowledge, the develop-
ment of an adenocarcinoma as an SMN following 
treatment has not been previously documented in a cat.

Radiation-induced neoplasia is considered when the 
following criteria are met:15,16 (1) tumor development 
within a previously irradiated field; (2) a latent period 
between previous irradiation and development of the 

new tumor; (3) a different histopathologic diagnosis 
compared with the original irradiated tumor; and (4) 
documentation of previously normal tissue in the site of 
the new tumor development. This cat met the first three 
criteria for radiation-induced neoplasia and is suspected 
to have met the fourth criterion owing to complete reso-
lution of clinical signs following therapy. However, 
imaging was not performed at the completion of radia-
tion or chemotherapy to confirm normal tissue follow-
ing treatment. Based on comparison of CT images, the 
nasal adenocarcinoma, located at the level of the right 
nostril and rostral to the previous mass, was not present 
at the time of initial lymphoma diagnosis. Additionally, 
the original diagnosis of nasal lymphoma and the sec-
ondary diagnosis of nasal adenocarcinoma were con-
firmed with immunohistochemistry, providing strength 
for the third criterion. The importance of using 

Figure 4 Transverse CT images of the rostral aspect of the nose at the (a–c) level of the maxillary canine teeth and the (d–f) 
level of the orbit approximately 1 month after the second CT and re-presentation, with images (a) and (d) in a bone window 
(window width = 2700, window level = 350) and images (b) and (c) in a soft tissue window (window width = 320, window 
level = 30) setting. (e,f) Post-intravenous iodinated contrast agent administration in a soft tissue window setting. (a–c) Extending 
from the right nostril along the right lateral aspect of the face, there is moderately to severely progressive soft tissue thickening 
with heterogeneous contrast enhancement. Similar to mildly progressive compared with 1 month prior, soft tissue thickening is 
noted in the rostral aspect of the nasal cavity, mildly worse on right compared with the left side. (a,d) There is progressive lysis  
of the incisive, nasal, maxillary, palatine bones and right zygomatic process of the maxilla. (d,f) In the medial aspect  
of the right orbit, there is progressive, moderately heterogeneously contrast-enhancing soft tissue thickening that causes  
mild displacement of the right eye. The hyperattenuating aspect of the right lens is, similarly to the most recent CT, decreased 
in size and irregular in margination. R = right; L = left
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immunohistochemistry to correctly differentiate 
between feline nasal lymphoma and carcinoma was 
highlighted in a report by Nagata et al, in which 67% of 
original diagnoses disputed by pathologists were 
deemed incorrect following immunohistochemical 
staining.17 Altogether, this case is most consistent with a 
radiation-induced neoplasia; however, other potential 
causes of a second malignancy include prior chemother-
apy or chronic inflammation as a result of radiation or 
the previous tumor itself. Additionally, we cannot 
exclude the possibility that the second tumor arose 
spontaneously and was unrelated to prior treatment.

There is a paucity of information regarding SMN in 
cats, and current literature is limited to individual 
reports. In one report evaluating the late complications 
of hypofractionated radiation therapy in 65 cats with 
nasal tumors, one cat treated for nasal lymphoma was 
reported to have developed an osteochondroma of the 
maxilla 1267 days after the completion of therapy.18 

While osteochondroma is considered a benign neoplasm, 
this case fits the current definition for radiation-induced 
neoplasia, which does not stipulate malignancy as part 
of the inclusion criteria.15,16 No cats were reported to 
have developed an SMN at the previous irradiation site 
although the follow-up time in this study was not clear.18 
The development of a malignant neoplasm following 
hypofractionated radiation therapy for nasal lymphoma 
has been documented, including a recent case report 
describing the development of a radiation-induced sar-
coma in a cat 69 months after radiotherapy.19 In another 
report of 19 cats with nasal lymphoma treated with a 
combination of megavoltage radiation and chemother-
apy, late side effects were reported to be rare, with no 
reports of radiation-induced neoplasia.13 The median 
follow-up time in this study was 505 days and may not 
have been long enough to account for the prolonged 
latency period expected for secondary tumor formation. 
A recent report of 51 cats with nasal lymphoma treated 

Figure 5 (a) Nasal lymphoma, CD79a immunohistochemistry (× 200). There is widespread CD79a immunoreactivity, indicating 
a B-cell phenotype. (b) Nasal lymphoma, CD3 immunohistochemistry (× 200). Small numbers of reactive CD3+ cells (T cells) 
are present. (c) Nasal adenocarcinoma (× 200). Tumor cells are arranged into glandular profiles and solid nests, with mixed 
ciliated columnar and squamous morphologies
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with radiation therapy described one cat that developed 
a nasal fibrosarcoma with lymph node metastasis 58 
months after definitive radiation therapy.20 Another 
report exists of a cat that underwent radiation therapy 
for treatment of a pituitary tumor and developed a pha-
ryngeal squamous cell carcinoma in the radiation field 
16 months after finishing radiotherapy. The normal tis-
sue at this location was reported to have received a total 
dose between 27 and 49 Gy.21

More information exists regarding radiation-induced 
neoplasia in the dog, with most reports describing sarcoma 
development, particularly osteosarcoma and fibrosarcoma, 
although rare reports of epithelial SMN exist.5–10 In a retro-
spective study of 119 dogs that received orthovoltage radia-
tion to appendicular sites for the treatment of various tumor 
types, the authors reported 10 (8.4%) radiation-induced 
bone tumors with a median latency period of 4.6 years. All 
histologically confirmed tumors were sarcomas.5 An older 
report of 39 dogs with acanthomatous epulis treated with 
orthovoltage radiation reported seven dogs (18%) that 
developed a secondneoplasia at the site of the original 
tumor at a median time of 47 months after completion of 
radiation therapy. Interestingly, 5/7 were epithelial in origin 
(squamous cell carcinoma).9 However, in a later report co-
written by the same author, a retrospective study of 57 dogs 
irradiated for oral acanthomatous epulis, only two dogs 
(3.5%) developed SMNs, a sarcoma and an osteosarcoma, 
both of which occurred more than 5 years after radiation 
therapy. No secondary epithelial tumors were described in 
the more recent study and the authors concluded that the 
epithelial tumors described in the older report may not have 
been radiation-induced, but may represent an incorrect ini-
tial diagnosis or a radiation treatment failure.6

Conclusion
To our knowledge, this is the first report to document an 
adenocarcinoma as a possible SMN in a cat following 
definitive radiation therapy for nasal lymphoma.
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