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Introduction
Intranasal tumors in dogs are reported to account for 
approximately 1% of all malignant tumors (Lana and 
Turek, 2020). Intranasal tumors cause facial deformity 
as they progress and severe neurological symptoms 
when they invade the cribriform plate and adjacent 
brain; therefore, early treatment is important. It is 
widely recognized that radiotherapy plays an important 
role in the treatment of intranasal tumors in small 
animal practice (Henry et al. 1998; LaDue et al., 1999; 
Gieger et al., 2008; Kondo et al., 2008; Adams et al., 
2009; Buchholz et al., 2009; Hunley et al. 2010; Maruo 
et al., 2011; Fujiwara et al., 2013; Mason et al., 2013; 
Northrup et al., 2001). Radiotherapy for intranasal 
tumors in dogs may involve either a combination of 
cytoreductive surgery and postoperative orthovoltage 
radiation or megavoltage radiotherapy using a linear 
accelerator. Treatment results for canine intranasal 
tumors have varied and have been improved by 
megavoltage radiation (Henry et al., 1998; Gieger et 
al., 2008; Adams et al., 2009; Buchholz et al., 2009; 
Hunley et al., 2010; Maruo et al., 2011; Fujiwara et al., 
2013; Mason et al., 2013), although the usefulness of 

orthovoltage radiation has also been reported (LaDue 
et al., 1999; Northrup et al., 2001; Kondo et al., 
2008). However, only a few studies have investigated 
the factors contributing to prolonged survival in dogs 
with intranasal tumors after megavoltage radiotherapy 
(LaDue, et l., 1999; Adams et al., 2009; Mason et al., 
2013). 
In this study, we retrospectively examined clinical 
outcomes of each treatment methods: orthovoltage 
radiation in combination with or without cytoreductive 
surgery and megavoltage radiation alone. Based on 
these results, we examined the involvement of clinical 
staging in improving the outcome of megavoltage 
radiotherapy for canine intranasal tumors.

Materials and Methods
This retrospective study analyzed the medical records of 
dogs with intranasal tumors that received radiotherapy 
with a total dose of ≥30 Gy at our veterinary hospital 
between May 1999 and October 2020. Each owner was 
informed and given written consent prior to treatment 
that case data, excluding personal information, would 
be used for research purposes. Primary intranasal 

*Corresponding Author: Toshie Iseri. Joint Faculty of Veterinary Science, Yamaguchi University, 1677-1 Yoshida, 
Yamaguchi-City, Yamaguchi, 753-8515, Japan. Email: iseri@yamaguchi-u.ac.jp

	 Submitted: 04/04/2022	 Accepted: 16/05/2022	 Published: 07/06/2022

Outcomes of megavoltage radiotherapy for canine intranasal tumors and its 
relationship to clinical stages

Toshie Iseri* , Hiro Horikirizono , Momoko Abe , Harumichi Itoh , Hiroshi Sunahara , Yuki Nemoto , 
Kazuhito Itamoto , Kenji Tani  and Munekazu Nakaichi

Joint Faculty of Veterinary Science, Yamaguchi University, Yamaguchi, Japan

Abstract
Background: Radiation therapy is considered important for the treatment of intranasal tumors in dogs and is believed 
to be essential for prolonging their survival.
Aim: To investigate the contribution of clinical staging to improve outcomes of megavoltage radiotherapy for canine 
intranasal tumors. 
Methods: A total of 123 dogs with intranasal tumors were included in the study. Forty-eight dogs received orthovoltage 
radiotherapy after cytoreductive surgery (Group I), 21 received orthovoltage radiotherapy without surgery (Group II), 
and 54 received megavoltage radiotherapy without surgery (Group III). All cases in each group were classified into 
clinical stages 1–4, and the median survival time (MST) was compared for each stage in all groups. 
Results: The overall MST was not significantly difference among Group I (325 days), Group II (317 days), and Group 
III (488 days); however, Group III was prolonged than Groups I and II. The MSTs for stages 1, 2, 3, and 4 were 597, 
361, 267, and 325 days in Group I; 633, 260, 233, and 329 days in Group II; and 931, 860, 368, and 176 days in Group 
III, respectively. The MST for stage 2 cases in Group III was significantly prolonged when compared with that in 
Groups I and II; no significant difference was observed at other stages; however, the MST in Group III was longer in 
stage 1. These results showed that megavoltage radiotherapy prolonged the MST in dogs with intranasal tumors when 
compared to orthovoltage radiation with or without cytoreductive surgery, and that improvements in MST at stage 2 
contributed significantly to this. 
Conclusion: The improvement in the MST in dogs with stages 1 and 2 intranasal tumors highlights the importance of 
starting megavoltage radiotherapy in the early stages.
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lymphoma cases were excluded, and 123 cases of 
canine intranasal tumors were included. Group I 
comprised 48 cases treated by cytoreductive surgery 
and postoperative orthovoltage radiation (1999–2016); 
Group II comprised 21 cases treated by orthovoltage 
radiation alone (1999–2016); and Group III comprised 
54 cases treated by megavoltage radiation alone 
(2016–2020). The background of the cases in each 
group is summarized in Table 1. Group I comprised 14 
males, 4 castrated males, 13 females, and 17 spayed 
females. Group II comprised 6 males, 3 castrated 
males, 4 females, and 8 spayed females. Group III 
comprised 13 males, 17 castrated males, 7 females, and 
19 spayed females. The average age was 10.6 years 
(range, 4.4–15.0 years) in Group I, 11.9 years (range, 
3.8–17.8 years) in Group II, and 11.6 years (range, 
4.5–15.2 years) in Group III. The major breeds (≥3 
cases) included in each group are as follows. Group I: 
mixed breed (n = 12), golden retriever (n = 8), Shetland 
sheepdog (n = 8), Shih Tzu (n = 5), beagle (n = 3), 
and miniature dachshund (n = 3); Group II: mixed 
breed (n = 9) and Welsh corgi (n = 3); and Group III: 
mixed breed (n = 10), miniature dachshund (n = 10), 
Shiba (n = 4), border collie (n = 3), Chihuahua (n = 3), 
Maltese (n = 3), miniature schnauzer (n = 3), toy poodle  
(n = 3), and Welsh corgi (n = 3). Other varieties (n ≤2) 
are listed in Table 1.

In all cases, computed tomography (CT) (Supria™; 
Hitachi Medico, Tokyo, Japan) confirmed the presence 
of lesions in the nasal cavity. Bone involvement, 
extension of the tumor tissue outside the nasal cavity, 
cribriform plate involvement, and distant metastasis 
were also examined. Based on the CT findings, the 
cases included in each group were classified into 
four clinical stages according to the modified Adams 
CT staging (Adams et al., 2009.), as follows: stage 
1, tumor localized unilaterally to one nasal passage; 
stage 2, tumor that involved the nasal septum but 
with no evidence of orbital/subcutaneous/submucosal 
masses; stage 3, tumor with orbital involvement or 
subcutaneous/submucosal masses; and stage 4, tumor 
that invaded the cribriform plate. Following diagnostic 
imaging, biopsy specimens were obtained from the 
nasal cavity for histopathological determination. In 
Group I, a final histopathological diagnosis was made 
in surgically removed specimens. 
In Group I, the dogs were first subjected to cytoreductive 
surgery as described elsewhere (Weeden and Degner, 
2016.). The nasal cavity was exposed by excising the 
nasal bone, and as much tumor tissue as possible was 
manually removed from the nasal cavity. Hemostasis 
was performed by electrical coagulation and manual 
compression of the bleeding site. After removal of 
the tumor tissues, the inside of the nasal cavity was 

Table 1. List of case details.

Groups Group I Group II Group III
Number of cases 48 21 54

Sex
Male/castrated 14/4 6/3 8/20
Female/spayed 13/17 4/8 7/19

Age
Average 10.6y 11.9y 11.6y
Range 4.4–15.0 3.8–17.8 4.5–15.2

Breed

Mixed breed 12 9 10
Golden retriever 8 2
Shetland sheepdog 8 1 2
Shih Tzu 5 1
Beagle 3
Miniature dachshund 3 10
Shiba 2 2 4
Chihuahua 1 3
Border collie 3
Maltese 3
Miniature Schnauzer 3
Toy poodle 3
Welsh Corgi 3 3
Others 6a 4b 9b

aOthers include Papillon (1), Pug (1), Yorkshire terrier (1), Pomeranian (1), Rottweiler (1), and Miniature pincher (1). 
bOthers include Papillon (2), Labrador retriever (2), Bernese mountain dog (1), French bulldog (1), Jack Russell terrier (1), West Highland white 
terrier (1), and Miniature pincher (1).
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thoroughly washed, and if possible, the nasal bone was 
repaired. Postoperative radiotherapy was started 1–2 
weeks after surgery. In Groups I and II, a total dose of 
36–42 Gy (single dose of 4 or 6 Gy, 6–10 fractions) 
was delivered to the nasal cavity in all cases using an 
orthovoltage radiotherapy device (MBR-320; Hitachi 
Medico). The irradiation conditions are as follows: tube 
voltage, 300 kVp; tube current, 12 mA; and 1 mm Cu 
+ 1 mm Al as a filter. The irradiation field was selected 
from squares of 4, 6, or 8 cm on each side, depending on 
the size of the dog, with an appropriate shielding of the 
eyeball using a lead plate. After finishing the orthovoltage 
radiation protocol, the dogs were examined regularly to 
confirm clinical symptoms, including adverse effects. 
CT examinations were performed regularly as needed.
In Group III, diagnosis of the intranasal tumor 
was made as in Groups I and II. Definitive-intent 
radiotherapy was performed using the Elekta Synergy 
Platform™ (Elekta, Stockholm, Sweden) with a 
multileaf collimator with 5-mm leaves (Agility™; 
Elekta). The treatment plan was developed using a 
treatment planning system (Monaco™; Elekta) based 
on images obtained using planning CT. The gross 
tumor volume (GTV) was contoured using CT images 
with a 1.25-mm slice thickness, and the clinical target 
volume (CTV) was delineated to include 2 mm around 
the GTV. The planning target volume (PTV) was 
defined by a margin of 4 mm around the CTV. The 
organs at risk (OAR), such as eyeballs and brain, were 

also contoured on the CT images to be excluded from 
the radiation field. Mandibular and retropharyngeal 
lymph nodes were irradiated if they were enlarged on 
CT images. Two irradiation protocols were used [three-
dimensional conformal radiotherapy in 11 cases and 
intensity-modulated radiotherapy (IMRT) in 43 cases], 
and the goal was for 100% of the PTV to receive ≥ 95% 
of the prescribed dose. Radiotherapy in Group III was 
delivered in 10 fractions × 4.2 Gy (total dose of 42 Gy) 
twice weekly with 4 or 6 megavolts. After finishing 
the radiation protocol, regular CT examinations were 
performed as in Groups I and II. 
Survival of all cases was calculated based on 
medical records or telephone interviews with referral 
veterinarians, dog owners, or both. The survival time 
was defined from the date of the first visit to our 
veterinary hospital to the date of death. By comparing 
the median survival time (MST) at each stage in  
Groups I, II, and III, we examined the effect of the 
clinical stage on improvements in the outcome of 
megavoltage radiotherapy. The Kaplan–Meier method 
and log-rank test were used to analyze survival and test 
for significant differences. Analyses were conducted 
using JMP Pro 16.1.0 (SAS Institute Inc. NC,). A 
P-value of <0.05 was considered significant. 

Results
The dogs included in each group were classified into 
stages 1–4 according to the modified Adams CT staging 
(Table 2). In Group I, stages 1–4 cancer were observed 

Table 2. Number of cases based on clinical stage and histopathological classification in each group.

Group I Group II Group III
Clinical stage
1 10 3 10
2 12 5 9
3 23 11 26
4 3 2 9
Histopathology
Epithelial origin 41 18 42
Adenocarcinoma 27 10 30
Squamous cell carcinoma 6 1 3
Undifferentiated carcinoma 4 1
Transitional carcinoma 2 5 2
Carcinoma 2 2 6
Non-epithelial origin 7 1 7
Myxosarcoma 2
Chondrosarcoma 1 1 5
Osteosarcoma 1 1
Hemangiosarcoma 1
Others 2 1
Unknown 2 5
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in 10, 12, 23, and 3 dogs, respectively. In Group II, 
stages 1–4 cancer were observed in 3, 5, 11, and 2 
dogs, respectively. In Group III, stages 1–4 cancer were 
observed in 10, 9, 26, and 9 dogs, respectively. For 
histopathological classification, Group I included 41 
epithelial tumors and 7 non-epithelial tumors; Group 
II included 18 epithelial tumors and 1 non-epithelial 
tumor; and Group III included 42 epithelial tumors and 
7 non-epithelial tumors. No definitive histopathological 
diagnosis was obtained in the remaining two cases in 
Group II and five cases in Group III because the tumor 
tissue was too small or sufficient samples for histological 
examination could not be obtained. The most common 
histopathological type was adenocarcinoma in all 
groups (27 cases in Group I, 10 cases in Group II, and 
30 in Group III). The detailed histopathological types 
in all groups and the number of cases are shown in 
Table 2.
The Kaplan–Meier survival curves of all cases in three 
groups are shown in Figure 1. The MST was 325 days 
for Group I, 317 days for Group II, and 488 days for 
Group III; although there was no significant difference, 
the MST was prolonged in Group III compared to the 
other two groups. The Kaplan–Meier survival curves 
of each clinical stage in three gropes are shown in  
Figure 2. The MSTs for stages 1, 2, 3, and 4 were 
597, 361, 267 and 325 days in Group I; 633, 260, 233, 
and 329 days in Group II; and 931, 860, 368, and 176 
days in Group III, respectively. In Groups I and II, no 
significant differences in MST were observed among 
the stages. In Group III, the MST tended to decrease as 
the stages progressed; however, as in Groups I and II, 
there were no significant differences among the stages. 
Figure 3 shows a comparison of the MSTs between 
the same clinical stages in three groups. There was a 
significant difference between the MSTs for stage 2 in 
among the three groups. The MST for stage 2 cases in 
Group III was significantly longer than that in Groups I 
and II. However, no significant differences were found 
for the other stages. 

Discussion
There have been many reports on the results of 
megavoltage radiotherapy for intranasal tumors in 
dogs. Although there were some differences in detailed 
conditions and treatment schedules, previous reports 
showed that megavoltage radiotherapy yielded MSTs 
of 146–512 days (Mellanby et al., 2002; Gieger et 
al., 2008; Adams et al., 2009; Buchholz et al., 2009; 
Kunley et al., 2010; Lawrence et al., 2010; Maruo et 
al., 2011; Fujiwara et al., 2013). These results appear 
to have gradually improved over time. Megavoltage 
radiotherapy is currently considered to be the most 
effective treatment for intranasal tumors in dogs. Better 
treatment results with an MST of ≥500 days have 
been reported for the combination of radiotherapy and 
intralesional chemotherapy (Lana et al., 1997, 2004). 
Furthermore, clinical applications of stereotactic 

radiotherapy and stereotactic body radiotherapy have 
recently been reported, and the MST for affected dogs 
has been further extended to 388–586 days (Gieger and 
Nolan, 2018; Mayer et al., 2019; Fox-Alvarez et al., 
2020). Recurrence of intranasal tumors is considered 
to have a significant effect on survival, and the efficacy 
and safety of re-irradiation are being investigated for 
recurrent tumors in order to prolong the survival time 
of affected dogs (Bommarito et al., 2011; Gieger et al., 
2013.).
In this study, we compared the MSTs for all cases 
that received cytoreductive surgery and postoperative 
orthovoltage radiotherapy (Group I), orthovoltage 
radiotherapy alone (Group II), and megavoltage 
radiotherapy alone (Group III). Although not 
significantly different, the MST for Group III was 
longer than that for Groups I and II, indicating that 
megavoltage radiotherapy improved MST in dogs 
with intranasal tumors. The overall MST of our 54 
cases that received megavoltage radiotherapy was 488 
days, which seems to be equivalent to that in the report 
described above. The MSTs of our patients tended to 
shorten as the clinical stage progressed in Group III, as 
described previously (Adams et al., 2009). However, 
few reports have investigated factors related to 
improvements in treatment results (LaDue et al., 1999; 
Adams et al., 2009; Mason et al., 2013.). To clarify the 
factors associated with prolongation of the overall MST 
in Group III, we compared the MST for each stage 
among three groups.
In stage 1, there was no significant difference among 
the three groups; however, stage 1 cases in all groups 
had longer MSTs: 597 days for Group I, 633 days for 
Group II, and 931 days for Group III. The MST in this 
study was considered excellent when compared with 
previous findings (Mellanby et al., 2002; Gieger et al., 
2008; Hunley et al., 2010; Lawrence et al., 2010; Maruo 
et al., 2011). The reason for the good outcome of Group 
I may be that the tumor was localized unilaterally in the 
nasal passage, allowing good surgical removal of tumor 
tissue. Therefore, cytoreductive surgery accompanied 
by postoperative orthovoltage radiotherapy may be 
available for the earliest stage 1 intranasal tumors.
Unlike in stage 1, there was a significant difference 
in the MSTs among the groups in stage 2, with Group 
III showing a longer MST. An MST of 860 days was 
obtained in Group III, which was considered acceptable 
and not significantly different from that of stage 1 cases. 
In stage 2 cases, tumor tissue extended to both nasal 
cavities, making cytoreductive surgery more difficult 
than in stage 1, and it tended to cause earlier recurrence. 
The predisposition to incomplete surgery in Group I 
may have been the major causes of the large difference 
in the MSTs of stage 2 cases. In Groups II and III, 
factors related to surgical techniques were considered 
negligible because the dogs in these groups were treated 
by radiotherapy alone. However, the significantly 
prolonged MST in Group III compared to Group II 
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indicated that megavoltage radiotherapy had a superior 
therapeutic effect over orthovoltage radiotherapy alone 
in more advanced stages of disease. Additionally, 
these significant differences in the MSTs of stage 2 
in among the three groups might have contributed to 
the difference in the overall MST among the groups. 
Megavoltage radiotherapy clearly prolonged the MST 
of canine intranasal tumors, and this improvement in 
stage 2 cases was considered to contribute to improved 
therapeutic outcomes after megavoltage radiotherapy.
In stage 3, the MST was longer in Group III (368 days) 
than in Group I (267 days) and in Group II (233 days), 
but the difference was not significant. In stage 3, the 
tumor tissue extends outside the nasal cavity, such as 
to the orbit, which may make treatment difficult. In 
Group I, it was difficult to remove the tumor tissue 
that extended outside the nasal cavity by cytoreductive 
surgery. In Groups II and III, an effort was made to 
protect radiation-sensitive tissues, such as the eyeball 
from radiation, which may have resulted in inadequate 
treatment of tumor tissues in the orbital region. For 
these reasons, the MSTs may have been short in stage 
3 in all groups. However, the reason for the prolonged 
MST in Group III over Group II was thought that the 
use of IMRT in Group III allowed the dose to be focused 

on the target while protecting OAR. In our study, stage 
3 cases were most common in all groups; among all 
123 cases, stage 3 accounted for 60 cases (49%), and 
late-stage cases, including stages 3 and 4, accounted 
for 74 cases (60%). Similarly, previous studies have 
included many late-stage cases (Rassnick et al., 2006; 
Adams et al., 2009; Mason et al., 2013). These data 
indicate that early treatment of canine intranasal tumors 
remains difficult. Megavoltage radiation to stages 1 
and 2 intranasal tumors yielded favorable outcomes; 
therefore, it is considered important to begin treatment 
while tumors remain in the early clinical stages. 
Stage 4 cases could not be fully investigated because 
there were only three in Group I and two in Group II. 
Surgery or orthovoltage radiation therapy alone for 
stage 4 cases is rarely performed because a sufficient 
therapeutic effect cannot be expected. Our study 
revealed a poor MST (176 days) for stage 4 cases, even 
with megavoltage radiotherapy. Previous reports have 
described MSTs of approximately 200 days and 274 
days in stage 4 cases (Kondo et al., 2008; Mason et al., 
2013). Our MST was inferior to these, but the cause is 
unknown. Stevens et al. performed intensity-modulated 
radiotherapy for stage 4 cases and reported an MST of 
319 days (Stevens et al., 2020), which is superior to our 

Fig. 1. Kaplan–Meier curves in all Group I and II cases. The MST of Group III (488 days) was longer than 
that of Group I (325 days) and Group II (317 days). MST: median survival time.

Fig. 2. Kaplan–Meier curves for each stage in Groups I (A), II (B), and III (C). The MSTs for stages 1, 2, 3, 
and 4 were 597, 361, 267, and 325 days in Group I; 633, 260, 233, and 329 days in Group II; and 931, 860, 
363, and 176 days in Group III, respectively. There was no significant difference in MSTs for each clinical 
stage in either group. MST: median survival time.
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result. Recently, clinical applications of new therapies, 
such as stereotactic radiotherapy and stereotactic body 
radiotherapy, have been reported (Gieger and Nolan, 
2018; Mayer et al., 2019; Fox-Alvarez et al., 2020), 
and their use may extend to stage 4 tumors in the future.
In addition to the clinical stage, many factors are 
considered to affect MSTs; one of these is the 
histopathological type of tumor (Henry et al., 1998; 
Gieger et al., 2008; Adams et al., 2009; Morgan et al., 
2018; Sones et al., 2013). There are reports of shorter 
MSTs for epithelial tumors and adenocarcinomas 
(Gieger et al., 2008), and non-epithelial tumors 
are reportedly associated with long survival times 
(Rassnick et al., 2006). However, one study reported 
that the volume reduction effect on CT images was 
smaller for non-epithelial tumors than for epithelial 
tumors, suggesting that non-epithelial tumors are 
radio-resistant (Morgan et al., 2018). At present, no 
definitive conclusion has been reached regarding the 
effect of histopathological type on the survival of dogs 
with intranasal tumors. Although the number of cases 
was limited in our study, the outcome of megavoltage 
radiotherapy for non-epithelial tumors did not differ 
significantly from that of epithelial tumors (data not 
shown). It will be necessary to continue to study the 
effects of histopathological types on patient survival in 
the future.
In conclusion, megavoltage radiotherapy for canine 
intranasal tumors improved outcomes primarily 

in stage 2 cases when compared with surgery and 
postoperative orthovoltage radiation, and orthovoltage 
radiation without surgery. This effect was considered 
to contribute to the improvement of overall MSTs in 
dogs with intranasal tumors; however, no definitive 
conclusion was reached regarding the effect of 
histopathological type on the efficacy of megavoltage 
radiotherapy. Furthermore, for megavoltage 
radiotherapy, the treatment outcome of stage 1 and 2 
canine intranasal tumors was excellent. This emphasizes 
the importance of megavoltage radiotherapy for early 
treatment of canine intranasal tumors. In the future, it 
will be necessary to examine in detail the factors that 
affect treatment outcomes while improving outcomes 
by introducing new radiotherapy techniques.

Acknowledgment
The authors thank Cathel Kerr, BSc, PhD, from Edanz 
(https://jp.edanz.com/ac) for editing a draft of this 
manuscript.
Conflict of interest
The authors declare that there is no conflict of interest.
Authors’ contributions
Radiation therapy was performed by Toshie Iseri, Hiro 
Horikirizono, Harumichi Itoh, Hiroshi Sunahara, Yuki 
Nemoto, Kazuhito Itamoto, Kenji Tani, and Munekazu 
Nakaichi. Toshie Iseri, Abe Momoko, and Munekazu 
Nakaichi were involved in the writing of the first draft, 
and all authors read and approved the final draft.

Fig. 3. Kaplan–Meier curves for each clinical stage in Groups I, II, and III. (A) Stage 1, (B) stage 2,  
(C) stage 3, and (D) stage 4. In stage 2 cases, the survival time of Group III was significantly prolonged 
when compared to that in Groups I and II (p = 0.034). However, there were no significant differences at 
other stages.
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