
Avicenna Veterinary Research

Vol. 2, No. 1, Spring 2026: 1-9

ORIGINAL RESEARCH PAPER

Clinical Applications and Recent Advances in Radiother-

apy for the Management of Neoplasia in Companion An-

imals

Hamed Charkhiana,b, Seref Bugra Tuncerb, Sule Karamanc, Rabia Nergiz Daǧoǧlu
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Abstract

Cancer is among the most common causes of illness and death in compan-
ion animals, creating a strong need for effective and accessible treatment
strategies. Radiation therapy (RT) has become a cornerstone in veterinary
oncology, applied as an adjuvant following incomplete surgery, as a curative
option for tumors not amenable to resection, and as palliative care to
reduce pain or dysfunction while improving quality of life. Recent advances
in treatment planning and delivery have significantly improved the safety
and precision of RT. Modern imaging, computer-assisted planning, and
image-guided techniques now allow more accurate targeting of tumors while
sparing surrounding normal tissues. Alongside conventional external-beam
therapy, selective use of brachytherapy, plesiotherapy, and radionuclide-based
approaches—such as radioiodine for feline hyperthyroidism—offer further
opportunities for tailored treatment. Despite promising clinical outcomes in
dogs and cats, broader application is limited by equipment costs, anesthesia
requirements, and the need for specialized expertise. Future priorities include
prospective clinical studies, refinement of species-specific dose constraints,
and integration of RT with surgery, chemotherapy, and targeted therapies.

1. Introduction

Improvements in the husbandry and medical care of
companion animals have led to longer lifespans for dogs
and cats and, consequently, a greater clinical burden
of neoplastic disease (Sarver et al., 2022). Cancer is
now recognized as a leading cause of death in dogs and
cats in the USA (Farrell et al., 2024), although robust
epidemiological data from many regions—including
Iran—remain limited (Abbaszadeh Hasiri et al., 2019).

Several tumor types in companion animals closely par-
allel those seen in humans, providing opportunities for
translational insight (Surjan et al., 2011). In dogs,
neoplasia ranges from benign to highly malignant le-
sions; skin tumors are among the most frequently di-
agnosed, followed by neoplasms of the gastrointestinal
tract, mammary gland, urinary and reproductive sys-
tems, and the lymphoid and immune systems (Sarver
et al., 2022).

The principal modalities for the management of
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solid tumors in veterinary practice are surgery, radi-
ation therapy (RT), and chemotherapy. Surgery and
RT primarily provide local–regional control, whereas
chemotherapy—and, increasingly, targeted and im-
munotherapeutic approaches—address systemic dis-
ease. Despite cancer’s prominence in the public
consciousness, RT and its applications in veterinary
medicine remain comparatively specialized and unfa-
miliar to many general practitioners and owners (Gasy-
mova et al., 2017; Kent, 2017). Nevertheless, RT has
become an integral component of multimodal cancer
care for companion animals, with expanding indica-
tions for definitive, adjuvant, and palliative treatment
of malignant tumors (Elliott, 2022).

Technical capabilities in veterinary radiation on-
cology have advanced substantially over the past two
decades. Historical approaches that delivered dose
with a single beam and relied on simple shielding to
spare normal tissues have been superseded by con-
formal planning and delivery techniques. Contem-
porary practice increasingly employs dedicated small-
animal radiotherapy platforms and medical linear ac-
celerators with computed tomography–based planning,
three-dimensional conformal radiotherapy, intensity-
modulated and volumetric-modulated arc therapy,
image-guided radiotherapy, and, where appropriate,
stereotactic protocols that permit hypofractionation
with steep dose gradients (Dunfield et al., 2018; Gasy-
mova et al., 2017; Vanhaezebrouck & Scarpelli, 2023).
These innovations can improve tumor coverage and
normal-tissue sparing, broadening the therapeutic win-
dow. Importantly, however, earlier technologies still
retain advantages for selected indications and settings,
and the guiding principle remains tailoring the tech-
nique to the clinical objective, patient factors, and re-
source context.

Clinical knowledge regarding outcomes and toxic-
ity profiles of RT in dogs and cats has grown markedly,
enabling more precise counseling about expected tu-
mor control, acute effects, and late sequelae under both
definitive and palliative fractionation schemes (Militi
et al., 2024; Yoshikawa et al., 2023). By contrast, ev-
idence for exotic and non-traditional species is sparse;
in many such patients, current uncertainties still out-
weigh established knowledge, underscoring the need for
prospective data collection and species-specific dose–
response characterization. Practical considerations—
anesthesia requirements for immobilization, quality-
assurance infrastructure, cost, and access to trained
personnel—also shape real-world utilization.

This article provides an up-to-date overview of the
applications and recent technological advances of RT
in the treatment of cancer in companion animals. It
highlights the expanding role of radiation within mul-
timodal veterinary oncology and identifies gaps that
warrant coordinated research efforts. Given ongoing
investment in veterinary RT infrastructure, these de-

velopments are poised to further integrate radiation
therapy into everyday clinical practice and improve
outcomes and quality of life for animal patients.

2. Radiation Therapy in Companion
Animals

Radiation therapy is primarily employed as a local-
ized treatment modality in veterinary oncology. Its
effectiveness in controlling tumor growth can vary sub-
stantially depending on the histological type of can-
cer, the tumor’s biological behavior, and the treatment
protocol administered. In many cases, RT is capable
of achieving durable local control and prolonging sur-
vival, particularly when applied under optimal clinical
circumstances (Kent, 2017; Moore, 2002).

One of the most effective applications of radiation
therapy is in the management of microscopic residual
disease. Following surgical excision, if histopathology
reveals incomplete margins or if the tumor is located in
an area where complete resection is anatomically chal-
lenging, adjuvant radiation therapy is commonly ad-
ministered to eradicate remaining malignant cells and
reduce the likelihood of local recurrence (Grimes et al.,
2023; Hildebrandt et al., 2025).

Radiation therapy may also serve as a definitive
treatment when tumors are highly radiosensitive or
when they are small and localized but unresectable
due to anatomical constraints. In such cases, RT can
be employed as a sole therapeutic modality, providing
long-term local control (Hunley et al., 2010; Malfassi et
al., 2022; Yoshikawa et al., 2023). Conversely, when tu-
mors are extensive, unresectable, metastatic, or when
surgery is declined or not feasible, RT is frequently ad-
ministered with palliative intent. Palliative protocols
are designed to alleviate clinical signs, such as pain,
bleeding, or obstruction, thereby improving the ani-
mal’s quality of life even when cure is not possible (Fu
et al., 2023; Militi et al., 2024; Tollett et al., 2016).

In addition, radiation therapy is often inte-
grated into multimodal treatment strategies alongside
chemotherapy. Chemotherapy may be administered
systemically or by intralesional injection, depending on
the tumor type and clinical context. The rationale
for combining chemotherapy with radiation includes
enhancing local tumor control through radiosensitiza-
tion, addressing micrometastatic or disseminated dis-
ease, and improving overall treatment efficacy (Baja et
al., 2022; Tellado et al., 2022; Woodruff et al., 2019).
Such combined protocols are particularly valuable in
aggressive or advanced-stage malignancies.

Overall, radiation therapy occupies a versatile role
in veterinary oncology, functioning as an adjuvant,
definitive, or palliative treatment, either alone or in
combination with systemic therapies. Its application
continues to expand as protocols are refined and evi-
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dence on treatment outcomes accumulates, reinforcing
its importance as a cornerstone of cancer management
in companion animals.

3. Goals and Rationale for Radiation
Therapy

The primary objective of radiation therapy (RT) in vet-
erinary oncology is to deliver a cytotoxic dose of ioniz-
ing radiation to malignant cells while minimizing col-
lateral injury to the surrounding normal tissues. Unlike
conventional medical terminology that frequently em-
phasizes “cure,” oncologists typically frame therapeu-
tic goals in terms of definitive intent or palliative intent,
reflecting the clinical reality that complete eradication
of cancer with no risk of recurrence or metastasis is
uncommon (Kent, 2017; Vail et al., 2019).

3.1. Definitive Intent

Definitive radiation therapy is administered with the
aim of achieving long-term local tumor control and pro-
longed survival. The treatment plan is based on the
histopathological diagnosis, biological behavior of the
tumor, and overall clinical evaluation of the patient. In
some cases, RT may be prescribed preoperatively to re-
duce tumor size, thereby facilitating surgical excision,
improving the feasibility of wound closure, and decreas-
ing the risk of viable tumor cells being disseminated
during surgery (Magalhaes et al., 2021; Yoshikawa et
al., 2023). More commonly, RT is used postoperatively
when incomplete surgical margins are suspected or con-
firmed, in order to eradicate microscopic residual dis-
ease and minimize the risk of local recurrence (Forrest
et al., 2000).

Although surgical resection is often the preferred
first-line option when feasible, there are many clinical
contexts where radiation therapy offers significant ad-
vantages or may even represent the treatment of choice.
These include large tumors that are not amenable to
resection, neoplasms in surgically inaccessible or high-
risk anatomical locations such as the brain, nasal cav-
ity, head and neck region, vertebral column, or pelvic
canal, as well as cases where surgical morbidity would
be severe or disfiguring. Even when gross removal of a
tumor is possible, microscopic extension of neoplastic
cells beyond surgical margins is common, particularly
in infiltrative tumor types, making adjuvant radiation
a critical component of multimodal therapy (Mason et
al., 2021; Zabielska-Koczywa̧s et al., 2017).

3.2. Palliative Intent

In contrast, palliative radiation therapy is directed to-
ward alleviating clinical signs, reducing pain, and im-
proving the quality of life in patients for whom long-
term survival or cure is not a realistic expectation

(Fan et al., 2018). Palliative protocols typically em-
ploy lower total doses of radiation delivered in fewer
fractions, with each fraction being larger in size com-
pared to definitive schedules (Militi et al., 2024). This
approach aims to provide meaningful symptom relief
while minimizing the risk of acute or late radiation-
associated toxicities (Rossi et al., 2019).

Palliative RT does not imply a lesser standard of
care or therapeutic futility. Rather, it is a powerful
intervention for managing pain, discomfort, or func-
tional impairment caused by tumors that are unre-
sectable, metastatic, or advanced at the time of diagno-
sis. By slowing tumor progression and reducing tumor-
associated morbidity, palliative therapy can extend the
time animals are able to live comfortably, thereby of-
fering owners more quality time with their pets (Baja
et al., 2022; Fu et al., 2023). In many cases, cancer
can be managed akin to a chronic disease, where the
therapeutic focus shifts from achieving cure to main-
taining patient well-being and quality of life (Militi et
al., 2024).

3.3. Combined Modalities

Radiation therapy may also be integrated with sys-
temic therapies such as chemotherapy or targeted
agents to optimize both local and systemic tumor con-
trol. The combination can enhance radiosensitivity of
tumor cells, address micrometastatic disease, and im-
prove overall therapeutic efficacy (Wustefeld-Janssens
et al., 2021).

4. Types of Radiation Therapy in Vet-
erinary Medicine

Several types of radiation therapy are currently avail-
able in veterinary oncology, including teletherapy,
brachytherapy, plesiotherapy, and systemic radiother-
apy using radionuclides. Among these, teletherapy and
plesiotherapy are the most frequently employed in rou-
tine clinical practice for the treatment of malignant
tumors in companion animals (Kent, 2017). These
modalities differ primarily in the way radiation is de-
livered to the tumor.

4.1. External Beam Radiotherapy (Telether-
apy)

External beam radiotherapy, or teletherapy, represents
the most common approach to radiotherapy in veteri-
nary medicine. It involves the use of a large external
radiation source—most often a linear accelerator—to
deliver high-energy radiation selectively to tumors that
have been accurately localized with imaging, typically
computed tomography (CT). In earlier years, ortho-
voltage and cobalt-60 machines were used; however,
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modern practice now relies almost exclusively on lin-
ear accelerators (Moore, 2002; Tanabe et al., 2023).

Technological advances such as cone-beam CT
(CBCT) have enabled image-guided radiotherapy
(IGRT), which permits precise targeting of tumors lo-
cated anywhere in the body while minimizing damage
to adjacent normal structures (Søvik et al., 2010; Yuan
et al., 2023). Furthermore, computerized treatment-
planning systems are used to model dose deposition
and optimize beam distribution, thereby improving tu-
mor control rates and reducing radiation-induced com-
plications. For central nervous system (CNS) tumors,
magnetic resonance imaging (MRI) is frequently com-
bined with CT to better delineate tumor boundaries,
although MRI images alone cannot typically be used
for dose calculation (Chiu et al., 2018).

4.2. Brachytherapy

Brachytherapy involves placing small radioactive
sources directly within or adjacent to the tumor, ei-
ther permanently (e.g., radioactive seeds) or temporar-
ily (via catheters and afterloading devices). This tech-
nique provides a very high localized dose to the tumor
while sparing surrounding normal tissue (Bloch et al.,
2020). Although widely practiced in human oncology,
brachytherapy is less common in veterinary medicine
due to challenges in maintaining source stability, en-
suring radiation safety, and the need to confine pa-
tients until the isotope decays or is removed. Never-
theless, when feasible, brachytherapy can achieve excel-
lent local control with reduced collateral tissue damage
compared with external beam radiotherapy (Vanhaeze-
brouck et al., 2025).

4.3. Plesiotherapy

Plesiotherapy is a related technique in which a radioac-
tive source is applied directly onto the tumor surface
rather than implanted within it. This approach is par-
ticularly useful for treating superficial lesions, such as
certain skin tumors, where the tumor lies close to the
surface and direct source placement ensures effective
dose delivery with minimal exposure to underlying tis-
sues (Goodfellow et al., 2006; Hammond et al., 2007).

4.4. Systemic Radiotherapy (Biologically Tar-
geted Radiotherapy / Nuclear Oncology)

Systemic radiotherapy involves the administration of
a radioactive therapeutic agent that localizes to tu-
mor tissue through specific physiological or molecular
processes. This approach, often referred to as biologi-
cally targeted radiotherapy or nuclear oncology, offers
the potential to treat not only primary tumors but
also distant metastases—an advantage over conven-
tional radiotherapy, which is typically limited to local

or regional treatment (College of Veterinary Medicine,
2025; Peterson & Rishniw, 2021).

A well-established example in veterinary medicine
is the use of radioiodine (iodine-131), which is the
treatment of choice for feline hyperthyroidism caused
by thyroid adenomas and is occasionally used for thy-
roid adenocarcinomas in dogs. Radioiodine therapy
is highly effective because it delivers a relatively low
dose with only short-term retention of radioactivity in
the patient, making it both safe and practical. Higher
doses, however, may be required when treating ma-
lignant thyroid carcinomas (McGovern et al., 2024;
Morsink et al., 2022; Vanhaezebrouck et al., 2025).

Systemic radionuclides also hold promise for man-
aging bone cancers. Bone-seeking radioisotopes, ini-
tially developed for humans with metastatic osseous
neoplasia, have demonstrated utility in the treatment
of both primary and metastatic bone tumors in dogs
and cats. In addition, targeted agents such as mono-
clonal antibodies and small-molecule isotope carriers—
already in clinical use for neuroendocrine and mam-
mary carcinomas in human oncology—are emerging
as potential tools in veterinary practice (Barca et al.,
2021; Barnard et al., 2007; Selting et al., 2023).

As the range of biologically targeted radiopharma-
ceuticals expands, systemic radiotherapy is expected
to play an increasingly important role in veterinary
oncology, potentially broadening the spectrum of tu-
mors amenable to treatment and improving long-term
outcomes for companion animals.

5. Emerging Techniques and Future Di-
rections

5.1. Electron Radiotherapy

Linear accelerators are capable of generating both
high-energy X-rays and electron beams, typically
within the energy range of 4–20 MeV. Whereas X-
rays are primarily employed for the treatment of deep-
seated tumors, electron beams are more suitable for
neoplasms located within the skin and subcutaneous
tissues. Modern linear accelerators are designed to de-
liver both photons and electrons by either scattering
accelerated electrons or directing them onto a target
within the machine (Arunkumar et al., 2010; Strydom
et al., 2006).

One of the major advantages of electron therapy
lies in its controllable depth of penetration, which re-
duces unnecessary irradiation of normal tissues beyond
the target volume. For instance, a 6-MeV electron
beam can effectively deliver radiation up to a depth
of 2 cm, with minimal dose beyond 3 cm. This makes
electron beams particularly valuable for the treatment
of superficial or thoracic wall tumors. The ability
to tailor beam energy provides veterinary oncologists
with flexibility in matching dose distribution to tumor
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depth, thereby improving local control while sparing
surrounding structures (Chao et al., 2009; Gerbi et al.,
2009; Strydom et al., 2006).

5.2. Intensity-Modulated Radiotherapy
(IMRT)

Intensity-modulated radiotherapy (IMRT) represents
one of the most significant technological advancements
in veterinary oncology. By modulating beam fluence
during delivery, IMRT allows for highly conformal dose
distributions that closely match the three-dimensional
geometry of the tumor. This results in steep dose gra-
dients at field margins, effectively reducing exposure to
adjacent healthy tissues (Meier et al., 2021; Van Asselt
et al., 2020).

IMRT requires advanced treatment planning soft-
ware, multileaf collimators, and on-board imaging to
achieve submillimeter precision. While this technique
is resource-intensive and demands strict patient posi-
tioning, its clinical benefits include reduced toxicity,
increased sparing of critical organs, and the possibility
of dose escalation to resistant tumors. As availability
of IMRT expands in veterinary oncology centers, it is
expected to become a cornerstone of precision cancer
therapy for companion animals (Dolera et al., 2018;
Meier et al., 2021; Van Asselt et al., 2020).

5.3. Strontium-90 Plesiotherapy

Strontium-90 (∧90Sr) is a long-lived beta emitter with
a half-life of approximately 29 years and an emission
energy of 2.27 MeV. Its limited penetration makes it
particularly effective for treating superficial neoplasms.
In veterinary medicine, ∧90Sr has been successfully
applied to oral and nasal planum squamous cell car-
cinoma and cutaneous mast cell tumors in cats, con-
junctival squamous cell carcinoma in dogs and horses,
and select cases such as lingual plasmacytoma, limbal
melanoma, and hemangiosarcoma in dogs (Goodfellow
et al., 2006).

The therapeutic advantage of ∧90Sr lies in its abil-
ity to deliver high doses directly to the tumor surface
with minimal exposure to deeper normal tissues. While
its clinical use is somewhat limited compared to exter-
nal beam approaches, it represents a valuable option
for small, localized, and superficial lesions where con-
ventional radiotherapy would be less effective or overly
invasive (Goodfellow et al., 2006; Radioisotopes & No,
2015; Turrel et al., 2006).

5.4. Stereotactic Radiosurgery (SRS)

Stereotactic radiosurgery (SRS) is a specialized form of
high-precision radiotherapy in which very large doses
are delivered in a single session using a linear accel-
erator equipped with image-guided systems. This ap-
proach employs very narrow margins around the tumor

and aims to achieve complete ablation of the lesion
(Dunfield et al., 2018).

Although widely applied in human neuro-oncology,
SRS remains relatively new in veterinary medicine,
with only a limited number of published clinical re-
ports. Its potential advantages include curative treat-
ment of small, well-defined tumors in critical locations,
particularly in the brain and spine, where surgery car-
ries significant risks (Rohrer Bley et al., 2024).

5.5. Stereotactic Radiotherapy (SRT)

Stereotactic radiotherapy (SRT), sometimes referred to
as stereotactic body radiotherapy (SBRT), extends the
principle of stereotactic targeting to multiple treatment
sessions—typically three to five fractions. Large, con-
formal doses are sculpted to the tumor volume with
submillimeter accuracy, minimizing toxicity to adja-
cent structures (Rohrer Bley et al., 2024).

Treatment planning requires advanced imaging,
usually CT in combination with MRI for central ner-
vous system tumors, and strict immobilization to en-
sure reproducibility. The capacity to deliver high bi-
ologically effective doses in a limited number of ses-
sions makes SRT an attractive option for tumors in
anatomically challenging locations, offering both local
control and preservation of quality of life (Dunfield et
al., 2018).

5.6. Radioactive Implants (Brachytherapy)

The implantation of radioactive isotopes such as
cobalt-60, cesium-137, radium, and iridium-192 in the
form of needles or seeds represents another therapeu-
tic modality, although its use in veterinary oncology
has historically been limited. These sources can be
permanently or temporarily implanted within the tu-
mor, delivering high radiation doses locally with rel-
ative sparing of surrounding tissues (Northrup et al.,
2004; Wilkie & Burt, 1990).

Brachytherapy has shown clinical promise in treat-
ing accessible malignancies, such as malignant perianal
tumors in dogs and squamous cell carcinomas of the
eyelids in horses and cattle (Bloch et al., 2020). De-
spite logistical challenges, including radiation safety
and technical expertise, advances in afterloading de-
vices and isotope encapsulation may facilitate broader
clinical application in veterinary patients in the future.

6. Discussion and Conclusion

Radiation therapy has established itself as an essential
modality in the management of neoplasia in compan-
ion animals, particularly dogs and cats, and contin-
ues to expand in scope as new technologies and clin-
ical evidence emerge. Numerous studies and clinical
experiences have demonstrated its ability to provide
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durable tumor control, improve quality of life, and, in
some cases, extend survival. Beyond traditional small
animal patients, there is growing recognition that ra-
diation may also offer therapeutic benefits in exotic
and non-traditional species; however, systematic data
on these groups remain scarce. To fully realize its
potential, clinicians must continue to define optimal
treatment protocols, dose constraints, and scheduling
strategies tailored to the unique physiology of each
species.

Veterinary radiation oncology has advanced
markedly over the past two decades, paralleling de-
velopments in human oncology. The introduction
of conformal treatment planning, image guidance,
intensity-modulated radiotherapy (IMRT), stereotactic
techniques, and the integration of advanced imaging
modalities has revolutionized therapeutic precision.
These innovations have enabled the safe delivery of
higher tumoricidal doses while minimizing exposure to
adjacent normal tissues, thereby reducing acute toxici-
ties and long-term complications. In particular, IMRT
has demonstrated the capacity to significantly lower
radiation-associated side effects, while stereotactic ra-
diotherapy (SRT) and stereotactic radiosurgery (SRS)
offer the possibility of hypofractionated treatment
courses with minimal toxicity, making therapy more
convenient for both patients and owners. Image-guided
radiation therapy (IGRT) further extends treatment
capabilities to anatomical sites that were previously
not considered feasible for radiotherapy.

Nevertheless, important challenges remain. Tra-
ditional fractionated radiotherapy continues to serve
as the standard of care for many tumor types, and
for many practices remains the most accessible form
of treatment due to its established efficacy and wider
availability. However, access to advanced modalities is
often constrained by infrastructure requirements, costs,
and the need for highly trained personnel. Further-
more, despite the growing body of literature, questions
persist regarding the most appropriate clinical indica-
tions, long-term outcomes, and quality-of-life consid-
erations following treatment. As more patients expe-
rience extended survival due to improved therapeutic
efficacy, managing late effects of radiation and optimiz-
ing survivorship care will require increasing attention.

Future research should prioritize multi-institutional
collaboration to strengthen the evidence base through
prospective studies, long-term follow-up, and species-
specific dose–response data, particularly in exotic
animals where knowledge gaps remain substantial.
Equally important is the continued integration of radi-
ation therapy into multimodal treatment regimens that
include surgery, chemotherapy, and emerging systemic
and targeted approaches. Such strategies promise not
only improved local tumor control but also better sys-
temic management of cancer.

In conclusion, radiation therapy has matured from

a specialized and relatively underutilized tool into a
cornerstone of veterinary oncology. With the contin-
ued adoption of advanced technologies, refinement of
treatment protocols, and expansion of clinical research,
radiotherapy is poised to further enhance outcomes,
extend survival, and, most importantly, improve the
quality of life of companion animals affected by can-
cer.
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[40] Søvik, Å., Rødal, J., Skogmo, H. K., Lerv̊ag, C.,
Eilertsen, K., & Malinen, E. (2010). Adaptive ra-
diotherapy based on contrast enhanced cone beam
CT imaging. Acta Oncologica, 49(7), 972977.

[41] Strydom, W., Parker, W., & Olivares, M. (2006).
Chapter 8 electron beams: physical and clinical
aspects. Radiation Oncology Physics: A Hand-
book for Teachers and Students, 146.

[42] Surjan, Y., Warren-Forward, H., & Milross, C.
(2011). Is there a role for radiation therapists
within veterinary oncology? Radiography, 17(3),
250253.

[43] Tanabe, Y., Iseri, T., Onizuka, R., Ishida, T.,
Eto, H., & Nakaichi, M. (2023). Improving animal-
specific radiotherapy quality assurance for kilo-
voltage X-ray radiotherapy using a 3D printed dog
skull water phantom. Open Veterinary Journal,
13(4), 427432.

[44] Tellado, M., Mir, L. M., & Maglietti, F. (2022).
Veterinary guidelines for electrochemotherapy of
superficial tumors. Frontiers in Veterinary Sci-
ence, 9, 868989.

[45] Tollett, M. A., Duda, L., Brown, D. C., & Krick,
E. L. (2016). Palliative radiation therapy for solid
tumors in dogs: 103 cases (20072011). Journal
of the American Veterinary Medical Association,
248(1), 7282.

[46] Turrel, J. M., Farrelly, J., Page, R. L., & McEn-
tee, M. C. (2006). Evaluation of strontium 90 ir-
radiation in treatment of cutaneous mast cell tu-
mors in cats: 35 cases (19922002). Journal of the
American Veterinary Medical Association, 228(6),
898901.

[47] Vail, D. M., Thamm, D. H., & Liptak, J. M.
(2019). Withrow and MacEwens small animal clin-
ical Oncology-E-Book. Elsevier Health Sciences.

Clinical Applications and Recent Advances in ...: 1–9 8



[48] Van Asselt, N., Christensen, N., Meier, V., Rohrer
Bley, C., Laliberte, S., Poirier, V. J., Desai, N.,
Chen, Y., & Turek, M. (2020). Definitiveintent in-
tensitymodulated radiation therapy provides sim-
ilar outcomes to those previously published for
definitiveintent threedimensional conformal radia-
tion therapy in dogs with primary brain tumors: a
multiinstitutional retrospective study. Veterinary
Radiology & Ultrasound, 61(4), 481489.

[49] Vanhaezebrouck, I. F., Bentley, R. T., Geor-
giades, A., Arnold, S., Young, J. A., Claus, N.,
Danaher, L., Klutzke, J. B., & Scarpelli, M. L.
(2025). Implementing Neurosurgery and Cesium-
131 Brachytherapy in Veterinary Medicine: A Vet-
erinary Case Study with a Review of Clinical Us-
age of Cesium-131 for Brain Tumors in Human
Patients and Opportunities for Translational Re-
search. Radiation, 5(2), 13.

[50] Vanhaezebrouck, I. F., & Scarpelli, M. L. (2023).
Companion animals as a key to success for trans-
lating radiation therapy research into the clinic.
Cancers, 15(13), 3377.

[51] Wilkie, D. A., & Burt, J. K. (1990). Com-
bined treatment of ocular squamous cell carci-
noma in a horse, using radiofrequency hyper-
thermia and interstitial 198Au implants. Journal

of the American Veterinary Medical Association,
196(11), 18311833.

[52] Woodruff, M. J., Heading, K. L., & Bennett, P.
(2019). Canine intranasal tumours treated with
alternating carboplatin and doxorubin in conjunc-
tion with oral piroxicam: 29 cases. Veterinary and
Comparative Oncology, 17(1), 4248.

[53] WustefeldJanssens, B., Smith, L., & WilsonRob-
les, H. (2021). Neoadjuvant chemotherapy and ra-
diation therapy in veterinary cancer treatment: a
review. Journal of Small Animal Practice, 62(4),
237243.

[54] Yoshikawa, H., Lafferty, M. H., Griffin, L. R.,
& LaRue, S. M. (2023). A retrospective study
of sinonasal tumors in 182 dogs treated with
stereotactic radiotherapy (3× 10 Gy)(20102015).
Journal of Veterinary Internal Medicine, 37(6),
23562367.

[55] Yuan, J.-H., Li, Q.-S., & Shen, Y. (2023). Visual
analysis of image-guided radiation therapy based
on bibliometrics: A review. Medicine, 102(8),
e32989.

[56] Zabielska-Koczyws, K., Wojtalewicz, A., & Le-
chowski, R. (2017). Current knowledge on feline
injection-site sarcoma treatment. Acta Veterinaria
Scandinavica, 59(1), 47.

Avicenna Veterinary Research/ Vol. 2, No. 1, Spring 2026 9


	Clinical Applications and Recent Advances in ... H. Charkhian, S. B. Tuncer, S. Karaman, R. N. Daǧoǧlu Sakin, M. Hallaj-Salahipour
	A Comprehensive Review of Microneedling and Facial ...  A. Younesi, H. Morovvati, H. Najaf Zadeh Varzi
	ABCB1 Promoter Methylation: A Potential Biomarker ...  A. Eslahi, H. Rezvan
	Pathological Aspects of Trombidiosis in Crested Lark ...  R. Nabavi, S. A. Davari, D. Sargazi
	The Protective Effect of Thiamine on the Histo ...  J. Kaboutari, R. Fatahian Dehkordi
	Hamburger Standard in Iran: Mini Review  B. Yarvari

