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ABSTRACT. The object of this study was to evaluate hypofractionated multiportal field and two-portion (rostral and caudal portions divided
by the eyelid) radiation therapy for canine nasal tumors.  Sixty-three dogs underwent multiportal hypofractionated radiation therapy.  The
radiation field was divided into rostral and caudal portions by the eyelid.  Treatments were performed four times for 57 dogs.  The median
irradiation dose/fraction was 8 Gy (range, 5–10 Gy); the median total dose was 32 Gy (10–40 Gy).  Improvement of clinical symptoms
was achieved in 53 (84.1%) of 63 cases.  Median survival time was 197 days (range, 2–1,080 days).  Median survival times with and
without destruction of the cribriform plate before radiotherapy were 163 and 219 days, respectively.  There was no significant difference
between them.  No other factors were related to survival according to a univariate analysis.  All radiation side effects, except one, were
grade I according to the VRTOG classification.  It was not necessary to treat any dogs for skin side effects.  One dog (1.6%) developed
an oronasal fistula 1 year after completion of radiation therapy.  This radiation protocol may be useful in reducing radiation side effects
in dogs with cribriform plate destruction.
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Tumors involving the nasal cavity and nearby sinuses are
uncommon in dogs, and they account for approximately 1%
of all reported canine tumors [29].  Because nasal tumors
metastasize rarely, late in the course of disease, therapy is
directed at controlling localized disease [19].  Without treat-
ment, the median survival time of dogs has been reported to
be 1.5–4.1 months [22, 24, 30].  Surgery alone never pro-
longs survival time [16, 22], but it may also deteriorate qual-
ity of life.  In regard to chemotherapy, Langova et al.
reported the effectiveness of alternating doses of doxorubi-
cin and carboplatin in conjunction with oral piroxicam [14],
though their sample size was small [14].  Radiation therapy
is the treatment of choice [29], and reported survival times
have ranged from 7.4 – 47.7 months [1–3, 8, 11–13, 17, 20,
21, 23, 27, 28, 30].

Various radiation treatment protocols in veterinary medi-
cine have been reported.  For total dose increasing, 19 [11]
or 21 [5] fractions at 3 Gy/fraction over 1 month have been
used.  Because this method requires frequent anesthesia and
is expensive, it is a heavy burden on the dog and owner.
Hypofractionated radiotherapy has been used to address
these issues [7, 18].

Hypofractionated radiation therapy results in late side
effects that are more severe than with fractionated radiation
therapy; blindness was reported following radiation treat-
ment of dogs with nasal tumors [7, 18].  To address this,
multiportal field and two-portions (rostral and caudal por-

tions divided by the eyelid) radiotherapy (Fig. 1) have been
used to deliver the radiation dose to the tumor and achieve a
decreased dose to surrounding tissue and, thus, prevent
severe side effects, such as blindness and skin or bone
necrosis, as previously reported in 18 cases [26].

The purpose of this study was to evaluate hypofraction-
ated multiportal field and two-portion (rostral and caudal
portions divided by the eyelid) radiation therapy for canine
nasal tumors.
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Fig. 1. To reduce the dose of the eye
balls, the irradiation field was
divided into two portions (rostral
and caudal portions) by the eyelid.
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MATERIALS AND METHODS

A total of 63 dogs with nasal tumors were treated by radi-
ation therapy between November 2005 and February 2009
at Azabu University Veterinary Teaching Hospital.  Dogs
treated by surgery were excluded.

Information obtained from the medical records or tele-
phone interviews with the owner or referring veterinarian
included breed, sex, age, body weight, clinical symptoms,
duration of clinical symptoms from start to first visit, modi-
fied TNM classification, histopathology, radiation details
(treatment number, portal number, irradiation dose/fraction,
total dose, total dose of the center of the eyeball on the irra-
diated), response to treatment, posttreatment CT imaging
findings, survival time, cause of death, and radiation side
effects.

The tumors were staged based on clinical and CT find-
ings using Adams’s classification (a modification of the
WHO system) [3].  Clinical efficacy was assessed after irra-
diation, and response was assessed by CT 1 month after
radiation therapy was completed.  Survival time was calcu-
lated from the completion of radiation treatment to the time
of death.  The toxicity criteria of the Veterinary Radiation
Therapy Oncology Group (VRTOG) [10] were used to
assess the radiation side effects.

For radiation therapy, a 4-MV linear accelerator (Meva-
tron, Toshiba, Tokyo, Japan) was used.  Multiportal hypo-
fractionated radiation therapy was performed once a week,
with most of the dogs receiving four treatments.  The radia-
tion field was divided into rostral (Fig. 2, left) and caudal
portions (Fig. 2, right) by the eyelid.  The caudal portion was
planned to avoid the orbit in order to reduce radiation side
effects.  We planned to irradiate the gross tumor with more
than 80% of the isocenter dose.  Treatment was assessed by
CT 1 month after completion of radiotherapy.

Survival analysis was performed using the Kaplan-Meier
method, and the log-rank test was used to assess survival
time and factors related to outcome, including age, body
weight, duration of clinical signs from onset to first visit,
with or without facial deformity, and with or without cribri-
form plate destruction.  The level of significance was set at
P<0.05.

RESULTS

The common breeds included in the present study were
the Shiba Inu (n=8), Golden Retriever (n=7), Labrador
Retriever (n=7), Shetland Sheepdog (n=7), Pembroke
Welsh Corgi (n=5), Papillon (n=3), Beagle (n=3), Maltese
(n=3) and Miniature Dachshund (n=2).  The other breeds
were the American Cocker Spaniel, Miniature Schnauzer,
Toy Poodle, Siberian Husky, Border Collie, Alaskan Mala-
mute (n=1 each) and mixed breed dog (n=11).  Overall, 35
dogs were male and 28 were female, the mean age was 10
years (range, 4–15 years) and the median body weight was
13.0 kg (range, 3.0–47.0 kg).  The clinical findings included
epistaxis in 53 dogs (84.1%), sneezing in 43 dogs (68.3%),
nasal discharge in 21 dogs (33.3%), facial deformity in 29
dogs (46%), exophthalmos in 10 dogs (15.9%) and neuro-
logical symptoms in four dogs (6.3%).  The median duration
of clinical signs from onset to first visit was 102 days (range,
8–1,080 days).

One dog had stage II disease, 17 dogs had stage III dis-
ease and 35 dogs had stage IV disease.  There were five dogs
(7.9%) with regional lymph node metastases; none had lung
metastases.  The following tumor types were identified: ade-
nocarcinoma (29, 46.0%), squamous cell carcinoma (10,
15.9%), osteosarcoma (6, 9.5%), undifferentiated carci-
noma (3, 4.8%), transitional carcinoma (3, 4.8%), heman-
giosarcoma (2, 3.2%), chondrosarcoma (2, 3.2%) and

Fig. 2. Radiotherapy planning of the posterior portion by the eyelid. To reduce the radiation dose in
the eye and other surrounding tissues, radiation was divided into three portal fields, and the tumor
was irradiated with at least 80% of the isocenter dose (left and right: rostral and caudal portions,
respectively). The median total dose of the center of the eyeball on the irradiated side was 9.5 Gy
(range, 0–35.5 Gy) for irradiation of the caudal portion in 55 of the dogs.
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undifferentiated tumor (8, 12.7%).
Treatment was performed four times in 57 dogs, three

times in three dogs and one, two and five times in one dog
each.  Portal number of rostral portion was rotational irradi-
ation 45 dogs, 4 portal irradiation 12 dogs, and a single por-
tal irradiation 1 dog in 58 dogs.  Portal number of caudal
portion was all 3 portal irradiation in 55 dogs.  Furthermore,
three dogs had tumors that had progressed to the caudal part
of the frontal sinus and were irradiated from the caudal part
to caudal portion by opposing portal irradiation. The median
irradiation dose/fraction was 8 Gy (range, 5–10 Gy), and the
median total dose was 32 Gy (10–40 Gy); the median total
dose of the center of the eyeball on the irradiated side was
9.5 Gy (range, 0–35.5 Gy) for irradiation of the caudal por-
tion in 55 of the dogs.

Improvement of clinical symptoms was achieved in 53
(84.1%) of the 63 cases.  CT images at 1 month after com-
pletion of radiotherapy were available in 30 cases, and the
result was complete regression in three cases (10.0%), par-
tial regression in 16 cases (53.3%), stable disease in 10 cases
(33.3%) and progressive disease in one case (3.3%).  The
median survival of all dogs was 197 days (range, 2–1,080
days).  The 1- and 2-year survival rates were 25.4 and 7.9%,
respectively.  Death was due to local disease in 37 dogs
(90.2%) and disease other than nasal cancer in four dogs
(9.8%).

Acute and late radiation side effects affected the skin and
eyes.  All except the late side effects were grade I according
to the VRTOG classification: 15 dogs (23.8%) had hair loss,
11 dogs (17.5%) had color change and 13 dogs (20.6%) had
conjunctivitis.  No treatment was needed for skin side
effects.  One year later, an oronasal fistula occurred after
completion of radiation therapy in one dog (1.6%).

No factors were related to survival according to a univari-
ate analysis.  The dogs were divided into two groups by
median duration of clinical signs from onset to first visit
(102 days).  There was no significant difference between
102 days and <102 days, with median survival times of 296
and 197 days, respectively.  There was no difference in
median survival time between dogs with (n=29, 150 days)
and those without facial deformity (n=34, 234 days).  Simi-
larly, there was no difference in median survival time
between dogs with cribriform plate destruction before radio-
therapy (n=35, 163 days) and those without (n=28, 219
days; Fig. 3).  Furthermore, there were no significant differ-
ences by age, body weight and radiation side effects.

DISCUSSION

In this study, hypofractionated radiotherapy was effective
for nasal tumors and resulted in mild radiation acute side
effects.  Improvement of clinical symptoms was achieved in
53 (84.1%) of 63 cases.  CT images 1 month after comple-
tion of radiotherapy were available in 30 cases, and the
result was complete regression in three cases (10.0%) and
partial regression in 16 cases (53.3%).  The median survival
of all dogs was 197 days (range, 2–1,080 days).  All side

effects, except for late ones, were grade I according to the
VRTOG classification, and no dogs required treatment for
skin side effects.

Mellanby et al. [18] reported that a retrospective study
was undertaken on 56 dogs treated for nasal tumors by
megavoltage radiotherapy with a hypofractionated schedule
consisting of four doses of 9 Gy given at intervals of seven
days.  The median survival time in their study was 212 days.
Gieger et al. [7] reported data from 48 dogs with nasal car-
cinomas treated with hypofractionated radiation therapy due
to the extent of local disease or concurrent disease (40%)
and the owners requesting palliative radiotherapy because
of concerns about cost, potential for toxicity or travel/hospi-
talization associated with definitive radiation therapy.  The
total radiation dose ranged from 16 to 40 Gy (median 24
Gy), and the dose per fraction ranged from 4 to 10 Gy
(median 8 Gy).  The median survival time in their study was
146 days.  The median survival time of 197 days in the
present study does not differ greatly from either of those
reports.  However, a more fractionated protocol produces a
better therapeutic gain than a hypofractionated protocol.
Previous studies reported median survival times of 8.9–19.7
months with 10–19 fractions [1, 2, 11, 17, 27].  In the
present study, the median survival time was shorter than that
in previous studies because of the lower total irradiation
dose, as is found with other hypofractionated protocols.

Advanced disease is believed to be associated with a poor
prognosis.  The reported prognostic factors are destruction
of the cribriform plate [1], tumor type [1, 27], tumor stage
[1, 3, 4, 9, 11, 27], age >10 years [11], regional lymph node
or pulmonary metastasis [8], resolution of clinical signs
after treatment [7, 23], tumor regression [28], facial defor-
mity [23], three or more treatments/week [30] and a cumu-
lative minimum tumor dose of at least 37 Gy [30].  In regard
to the stage in particular, various stage classifications have
been reported, and lower stages resulted in longer survival
than higher stages [1, 3, 4, 9, 11, 27].  However, the present

Fig. 3. Kaplan-Meier survival curves with or without crib-
riform destruction. There was no difference in median
survival time between dogs with cribriform plate destruc-
tion before radiotherapy (gray line, n=35, 163 days) and
those without (balck line, n=28, 219 days).
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results and other hypofractionated protocols [7, 18] also
showed no significant difference between tumor stage and
survival time; thus, it was thought that the hypofractionated
protocol was inappropriate for early stages.  However, a
more fractionated protocol for dogs with destruction of the
cribriform plate by CT resulted in median survival times of
6.7 months [1] and 6.6 months [9] (the tumors were classi-
fied in stage IV together).  The median survival times for
stage I–III tumors were 23.1, 14.0 and 15.7 months [1],
respectively, and that of the latter stage III tumors was 15.1
months [9].  These survival times resembled our results for
dogs with destruction of the cribriform plate.  Thus, for dogs
with destruction of the cribriform plate, the current protocol
was useful, as it reduced radiation side effects and required
less frequent treatments.

Local tumor control can be achieved with an adequate
margin; generally, the larger the radiation field is, the more
serious the radiation side effects are [6].  Early side effects
of radiation therapy are generally self-limiting, and recovery
is rapid [15].  Therefore, even if severe side effects are pre-
dicted, it is important to plan an adequate margin to control
the tumor.  Concerning the radiation side effects of fraction-
ated protocols, McEntee et al.  [17] utilized an irradiation
dose of 41.8–54 Gy and documented transient conjunctivitis
(67%) and oral mucositis (81%).  Significant ophthalmic
complications in 48% of the cases.  Adams et al. [2] utilized
an irradiation dose of 42 Gy, and 15 out of 53 dogs lost sight
in 1 (11 dogs) or both (4) eyes following radiotherapy.  Rob-
erts et al. [25] reported ophthalmic complications following
megavoltage irradiation of the nasal and paranasal cavities
in dogs with a median total dose was 40 Gy (range, 36.8–50
Gy), and the ocular complications were classified as mild
(17.2%) and severe (58.6%).  On the other hand, by hypo-
fractionated protocols, Mellanby et al. [18] reported that
57% of the dogs required treatment for acute side effects.
No long-term side effects were observed, apart from in one
dog, which became blind as a result of keratitis [18].  Gieger
et al. [7] reported that chronic ocular toxicities were
reported 13% of the dogs that had at least one eye irradiated
[7].  Chronic toxicities included conjunctivitis, corneal
ulceration or perforation, loss of vision, keratoconjunctivi-
ties sicca, severe mucoid ocular discharge, cataract forma-
tion, blepharospasm and uveitis [7].  The radiation side
effects following nasal tumor treatment have included
severe symptoms related to the orbit [2, 3, 12, 17, 21, 23, 25,
27].  Serious radiation side effects and frequent treatment
are of little benefit for dogs with high stage tumors because
the treatment for nasal tumors is palliation, not radical cure.
Thus, a once-a-week, four-treatment hypofraction protocol
was used to reduce frequent anesthesia, and multiportal
fields and two portions (rostral and caudal portions divided
by the eyelid) were planned to reduce the exposure of the
surrounding normal tissues and the orbit to radiation.  In our
results, the median total dose of the center of the eyeball was
low, 9.5 Gy; therefore the radiation side effects were
thought to be mild.

The once-a-week, multiportal field, two-portion protocol

(rostral and caudal portions divided by the eyelid) with four
hypofractions was useful to reduce the number of treat-
ments, save cost and reduce the burden of the dogs and their
owners because the majority of cases experienced ameliora-
tion of clinical symptoms, and it was not necessary to treat
radiation side effects in dogs with cribriform plate destruc-
tion.
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