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ABSTRACT.	 Nasal lymphoma is the most common nasal tumor in cats and is generally a solitary and radiosensitive tumor. We retrospectively 
evaluated the response to radiation and survival time in relation to apoptosis and Ki-67 indices in feline nasal lymphomas treated with radia-
tion therapy. The apoptotic and Ki-67 indices were evaluated with TUNEL and immunohistochemical staining in 30 biopsy tissues that were 
taken before any treatment. These two indices were compared, and differences between different treatment response groups were analyzed. 
The correlation between the median survival times (MST) and the indices was estimated using the Kaplan Meier method, and statistical 
differences between survival curves were analyzed using a log-rank method. With regard to apoptotic index, a statistical difference was 
observed between the samples taken from cats with complete response and stable disease (1.22% vs. 0.45%; P=0.045). The Ki-67 index in 
cats with both complete response and partial response was significantly higher than in cats with stable disease (44.4% and 39.6% vs. 16.3%; 
P<0.001 and P=0.008, respectively). The cats with a high level of apoptosis (>0.9%) nasal lymphoma were not significantly prolonged 
MSTs (P=0.202), however, high Ki-67-positive (>40%) cats experienced a statistically significant relationship with longer survival time 
(P=0.015). Our results indicate that spontaneous apoptotic and Ki-67 indices are strong predictors for response to radiation therapy in feline 
nasal lymphomas.
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Apoptosis is the process of programmed cell death, which 
eliminates old and damaged cells in tissue [1]. Apoptosis 
process is regulated by a number of proteins that involve 
the activation of caspases in cell. Biochemical changes 
lead to alterations in cell morphology, including membrane 
blebbing, cell shrinkage, chromatin condensation and DNA 
fragmentation [1, 29]. Apoptosis is thought to be one of 
consequence of radiation therapy; inducing cell death in 
tumors [35, 38]. A positive correlation between the rate of 
spontaneous apoptosis and radiation-induced apoptosis has 
previously been demonstrated [27, 29]. Tumor cell apoptosis 
is reported to correlate with the outcome of treatment in sev-
eral human carcinomas [1, 25, 29]. These studies revealed 
that tumors with high spontaneous apoptotic rate could be 
related with good prognosis.

Ki-67 is a non-histone nuclear protein that is expressed 
in actively proliferating cells during all phases of cell 
cycle, except G0, resting phase. In previous studies, high 
Ki-67-positive tumors responded better to radiation therapy 
than tumors with lower level of Ki-67 in several human can-
cers [2, 7, 10, 18]. Therefore, a high Ki-67-positive tumor 
is believed to be associated with radiosensitivity, because it 

is likely to be radioresistant in the G0 phase. In veterinary 
medicine, a study also reported the relationship between 
high level of Ki-67 and longer disease-free intervals in feline 
squamous cell carcinomas that treated with electron beam 
radiation therapy [21].

Lymphomas are typically radiosensitive tumors in hu-
mans, dogs and cats [5, 6, 12, 36, 37]. Radiation therapy is 
useful to treat solitary lymphoma for local control, such as 
feline nasal lymphoma [12, 28]. A large retrospective study 
by Haney et al. of 97 cats with nasal lymphoma showed that 
the response rate for radiation therapy alone was 93% with 
the median survival tome (MST) of 456 days [12]. A few 
studies have shown the prognostic factors for feline nasal 
lymphomas. These factors include anemia, irradiated dose 
and cribriform plate destruction [12, 28].

This retrospective study was primarily aimed to evaluate 
the importance of apoptotic and proliferative activities in the 
pretreatment biopsy samples in cats with nasal lymphoma 
treated with radiation therapy. We hypothesized that tumors 
with high apoptotic and high Ki-67 index would be more 
effective to radiation therapy than that with low.

MATERIALS AND METHODS

Medical records were retrospectively reviewed for cats 
with nasal lymphoma treated with radiation therapy at the 
Rakuno Gakuen University Veterinary Teaching Hospital. 
The 30 cats included in this study were treated between April 
2004 and December 2011. All cats had biopsies taken under 
general anesthesia and were diagnosed with lymphoma be-
fore any treatments. Pretreatment evaluation included com-
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plete blood counts, serum chemistry, three-view thoracic 
radiographs, abdominal ultrasounds, CT scans of head, chest 
and abdomen, and aspiration cytology of lymph nodes or or-
gans. Follow-up information was obtained from the medical 
records or by contacting the referring veterinarians.

Radiation therapy was performed by use of an orthovolt-
age X-ray machine (TITAN-450S, GE, Tokyo, Japan) with a 
half-value layer of 4.8 mm of Cu at 450 kV and 10 mA. The 
exposure rate was 1.68 Gy/min with a filter of 1.0 mm of 
Al, 0.3 mm of Cu and 0.5 mm of Sn. The distance from the 
X-ray source to the skin was 60 cm. Radiation was delivered 
via single dorsal portal directed to the tip line of the nose to 
the top of the head. Eye and brain were included in the radia-
tion field, if needed. The treated tumor volume had a 1 cm 
margin of normal tissue. Irradiation was 4 or 6 Gy for each 
fraction. Two fractions were carried out weekly (Monday/
Friday schedule).

The response was assessed based on CT images at one 
month after finishing the radiation therapy. Complete re-
sponse (CR) was determined, if the tumor disappeared from 
CT images. Partial response (PR) was defined as a decrease 
of 30% or greater in the sum of the longest diameters. Stable 
disease (SD) was defined as between a decrease of 30% and 
an increase of 20% in the sum of the longest diameter. Pro-
gressive disease (PD) was defined as an increase of 20% or 
greater in the sum of the longest diameters [32].

Apoptotic and proliferative activities in pretreatment 
biopsy samples in feline nasal lymphoma were detected. 
A terminal deoxynucleotidyl transferase dUTP nick end-
labeling (TUNEL) assay was carried out using an ApopTag 
In Situ Apoptosis Detection Kit (S7100, Chemicon Merck 
Millipore, Billerica, MA, U.S.A.) to detect apoptotic cells. 
All 3-µm sections from paraffin-embedded tissues that were 
taken before radiation therapy were cut. The samples were 
pretreated with proteinase K (20 µg/ml, Dako, Glostrup, 
Denmark). Endogenous peroxidase activity was blocked 
with 3% hydrogen peroxide. Slides were covered with equil-
ibration buffer for a few sec. Working-strength TdT solution 
was then added to the slides at 37°C for 1 hr. The reaction 
was stopped by addition of working-strength wash/stop buf-
fer for 10 min. Anti-digoxigenin peroxidase was applied, and 
the tissue sections were then incubated for 30 min at room 
temperature. 3-3′-Diaminobenzidine (Kanto Chemical Co., 
Tokyo, Japan) solution was used for color developing, and 
then, Mayer’s hematoxylin was used for counterstaining.

Immunohistochemical staining was used for detecting 
Ki-67-labeled cells on biopsied tumor samples. The antigen 
was retrieved by autoclaving at 121°C for 15 min with 0.1 M 
citrate buffer (pH 6.0). All sections were blocked for endog-
enous peroxidase activity and non-specific binding with 
3% hydrogen peroxide and 1% horse serum in phosphate-
buffered saline (PBS). Sections were then incubated with a 
mouse anti-Ki-67 monoclonal antibody (clone MIB-1, Dako) 
at a 1:100 dilution in PBS for 60 min at room temperature. 
The secondary antibody dilution and avidin-biotin complex 
solution (Vectastain ABC Kit, Vector, Burling, CA, U.S.A.) 
were applied to the sections and incubated for 30 min each 
at room temperature. 3-3′-Diaminobenzidine solution and 

Mayer’s hematoxylin were used as chromogen and counter-
stain, respectively.

The apoptotic index (AI) was determined as the percent-
age of apoptotic positive tumor cells that stained brown in 
pretreatment biopsy samples. Approximately 1,000 tumor 
cells were counted randomly by microscopic examination. 
A low AI was defined as an AI below 0.9%. High AI was 
defined as an AI above 0.9%. The Ki-67 labeling index, 
defined as the percentage of Ki-67-positive tumor cells, was 
counted in five random fields. The Ki-67 index was divided 
into two groups (high and low Ki-67) with the level of 40% 
as the cut point.

For statistical analysis, 30 samples were divided into two 
groups based on the clinical findings (age, sex, presence of 
cribriform plate destruction and response to radiation). We 
compared the two indices (apoptosis and Ki-67) and ana-
lyzed the differences between these groups using t-test for 
independent samples. The correlation between the AI and 
Ki-67 indices was analyzed according to Spearman’s correla-
tion method. The cats that had a stage I disease (single organ 
affected) and treated with radiation alone were studied with 
survival time. Survival time of the patient was defined from 
the starting date of radiation therapy to the time of death. The 
correlation between the MSTs and the indices was estimated 
using the Kaplan Meier method, and statistically significant 
differences between survival curves were analyzed using a 
log-rank method. A P value of <0.05 (two-sides) was consid-
ered statistically significant. Commercial software StatMate 
III (ATMS Co., Ltd., Tokyo, Japan) was used to perform the 
statistical analysis.

RESULTS

Thirteen of the enrolled cats were neutered males, thirteen 
were spayed females, two were intact males, and two were 
intact females. The age of the cats that started treatment with 
radiation therapy ranged from 4 to 17 years with mean and 
median of 10.7 and 11 years, respectively. Mean weight was 
4.2 kg (range of 2.5 to 8.7 kg, median of 4.7 kg). Only one 
pure breed of Persian cat was represented in this study, and 
the others were mixed-breed cats (n=29). The most common 
clinical sign at the time of diagnosis was purulent or mucous 
nasal discharge (73.3%) followed by facial deformity, nose 
bleeding, sneezing and exophthalmos. Fourteen cats (46.7%) 
were found to have cribriform plate destruction due to the 
tumor on pre-treatment CT images.

The mean of the total skin surface radiation dose was 
34.4 Gy (median of 36 Gy; range of 28 to 42 Gy). Sixteen 
cats were determined to have CR after the radiation therapy. 
Nine cats were found to have PR, and five cats had SD. No 
PD was observed in this study. The response rate of radia-
tion therapy was 83.3% (25/30). Thirteen cats also received 
chemotherapy after radiation therapy, because of having 
remaining nasal mass or evidence of systemic disease. The 
cause of death was recorded in follow-up information. Four-
teen cats died owing to distant disease (kidney, n=12; spleen, 
n=1; and brain, n=1), four cats died from local recurrence 
and brain involvement, three cats died from renal failure 
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but no evidence of renal lymphoma, two cats died of causes 
other than tumor, three cats died of unknown causes, and 
four cats were still alive at the time of data analysis.

The AI and Ki-67-positive rates are shown in Table 1. The 
AI of all pre-treatment biopsy samples in feline nasal lym-
phoma ranged from 0 to 2.4%, with a median of 0.85% and 
mean of 0.94%. The mean AI for CR samples was 1.22%, 
and the mean AIs for the PR and SD samples were 0.77% and 
0.46%, respectively. A statistically significant difference was 
observed between the samples from cats with CR and from 
cats with SD (P=0.045). The percentage of Ki-67-positive 
tumor cells in all samples ranged from 7.5 to 57.1% (median 
of 41.6% and mean of 38.9%). The samples from the cats 
with CR and PR had mean Ki-67 index of 44.4% and 39.6%. 
The mean Ki-67 index for the SD samples was 16.3%. The 
Ki-67 index in both the CR and PR samples was significantly 
higher than in the SD samples (P<0.001 and P=0.008). How-
ever, a significant difference was not observed between the 
samples from cats with CR and PR (P=0.334). In all samples 
of feline nasal lymphoma, a significant positive correlation 
was found between AI and Ki-67 index (r=0.509; P=0.005) 
(Fig. 1).

Seventeen cats diagnosed with stage I disease at first 
diagnosis day and only treated with radiation therapy were 
estimated with overall survival times. The cut-off levels of 
the apoptotic and Ki-67 indices were 0.9% and 40%, respec-
tively. The respective MSTs for cats with high AI and low AI 
were 402.5 days and 135 days, respectively, but there was no 
statistical difference between the cats with high and low AI 
(P=0.202; Fig. 2A). On the other hand, the cats with a high 
Ki-67 index had significantly longer survival time compared 
with those with a low Ki-67 tumor (582 days vs. 77 days; 
P=0.015; Fig. 2B).

DISCUSSION

Nasal lymphoma is the most common nasal tumor in cats 
[4, 13, 20, 23]. Chemotherapy should be considered as a top 
priority of treatment in feline nasal lymphoma, because it is 

generally a systemic disease. Previous larger studies of cats 
with nasal lymphoma that were treated with chemotherapy 
alone reported to have MSTs ranged from 98 to 456 days 
[12, 13, 30, 31, 33]. Owing to the nature of lymphomas be-
ing sensitive to radiation, radiation therapy is also thought 
to be treatment choice for localized form of lymphomas 
[12, 28, 37]. A large retrospective study by Haney et al. of 
97 cats with nasal lymphoma showed that the MST for radia-
tion therapy alone was 456 days [12]. Additionally, the nasal 
lymphoma cats treated with a combination of local radiation 
therapy and systemic chemotherapy had a MST from 174 to 
955 days [12, 28].

A small number of studies showed prognostic indicators 
for feline nasal lymphomas, including anemia, irradia-
tion dose, response and destruction of the cribriform plate 
[12, 28]. To our knowledge, this study is the first report 

Table 1.	 Comparison of the apoptotic and Ki-67 indices according to clinical findings

Number of 
samples

Indices (Mean ± SD) (%)
AI Ki-67

Age
≤11 years 16 0.92 ± 0.72 40.61 ± 13.22
>11 years 14 0.98 ± 0.61 36.39 ± 15.46

Gender
Female 15 0.87 ± 0.70 35.58 ± 15.39
Male 15 1.02 ± 0.63 41.37 ± 12.42

Destruction of cribriform plate
Yes 14 1.05 ± 0.70 39.84 ± 15.15
No 16 0.87 ± 0.63 37.54 ± 13.89

Response to Treatment
CR 16 1.22 ± 0.77 44.43 ± 10.76
PR 9 0.77 ± 0.24 39.64 ± 12.68
SD 5 0.44 ± 0.43 16.30 ± 9.41

Significant differences were calculated with the t-test. a) P<0.05.

Fig. 1.	 Correlation between apoptotic and Ki-67 indices in cats with 
nasal lymphoma (r=0.509; P=0.005).

a) a)a)
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to correlate the rate of apoptosis and cell proliferation in 
pretreatment biopsy samples, and the outcome of radiation 
therapy in feline nasal lymphoma. In veterinary medicine, 
immunohistochemistry has not been widely used to assess 
the response to irradiation at the cellular level and has not 
been used to indicate outcome to radiation [11, 21].

Ionizing radiation may cause DNA damage. The cells oc-
cur death when the damage of DNA is irreparable, which 
triggers the cellular pathways. Cell death induced by 
radiation includes mitotic death and interphase death. Mi-
totic death is the cells failing to mitosis completely and then 
death, whereas interphase cell death is the irradiated cells 
undergoing cell death through apoptosis before they enter 
mitosis, particularly soon after treatment [38]. Previous 
studies suggested that radiation-induced apoptosis closely 
correlates with radiosensitivity [1, 9, 22]. Spontaneous apop-

totic rate also correlates with the induced apoptotic rate and 
radiosensitivity. The tumor with a high spontaneous apop-
totic rate would occur apoptosis easily after irradiation [22]. 
The relationship between apoptosis and outcome in radiation 
has been studied in several human cancers. A high apoptotic 
rate is strongly associated with good prognosis in cancer 
patients treated with radiation therapy [1, 29, 35]. However, 
there were few studies focused on spontaneous apoptotic 
rate for a prognostic predictor in lymphomas. Apoptosis-
induced death is considered major reason in lymphoid cells 
compared to other type cells after radiation [38]. Although 
it was unsignificant, the spontaneous apoptosis trended to 
be predictive to response to in vivo irradiation in a study of 
human non-Hodgkin’s lymphoma [9]. Moreover, one study 
of feline lymphoma cell lines also suggested that the more 
radioresistent cell line was prone to a lower ratio of sponta-
neous apoptosis [14].

The TUNEL method is a common technique used for 
detecting DNA fragmentation associated with apoptosis. 
TUNEL was used in this study, and the AI was considered as 
a response predictor for feline nasal lymphomas. The tumor 
achieving CR showed significantly higher rate of apoptosis 
than which with SD (mean of 1.22% vs. 0.46%; P=0.045). 
Although no significant difference was observed, the cats 
with a high spontaneous apoptosis rate in the pretreated 
biopsy sample trended to a longer survival time (MST of 
402.5 vs. 135 days). Some proteins also have been linked 
to radiosensitivity, such as p53, Bcl-2 and survivin. They 
are some of the key regulators for the apoptotic pathways 
[25–27]. P53 gene contributed to the delay of induction of 
apoptosis in the more radioresistant human lymphoid cell 
lines [3]. Futher investigation is needed to clarify the linkage 
between apoptosis and radiosensitivity.

Cytological changes of feline lymphocytes after radiation 
were reported in a previous study. Cell nuclei were more 
likely to appear swelling and multi-nucleated after irradia-
tion in the feline lymphocyte cell line that appeared to be 
resistant to radiation-induced apoptosis. These nucleic 
changes were similar to other mammalian cells undergoing 
mitotic catastrophe [14]. It is possible that some lymphoma 
cells may die via mitotic death after radiation.

Some human cancers have been shown to have higher 
Ki-67 tumors and were linked to better outcomes with ra-
diation therapy [2, 7, 10, 18]. A study on feline squamous 
cell carcinoma also found that cats with higher Ki-67 had 
markedly favorable prognosis than cats with lower Ki-67 
[21]. Nevertheless, no significant difference was observed in 
canine nasal carcinomas [11]. Ki-67 is not expressed at G0 
phase in the cell cycle. Tumor cells are preferentially in G0 
phase in a hypoxic environment. Cell cycle of G0 phase is 
also considered to be a radioresistant period in cells. Thus, 
a low level of Ki-67 in tumor cells is believed to reflect hy-
poxia and radioresistance [7, 16]. Ki-67 expression detects 
the proliferating cells, which has also been reported in feline 
and canine lymphomas [8, 17]. The rapidly proliferating 
tissues may have more radiosensitivity than those growing 
slowly. In our study, cats with a good response had a higher 
Ki-67 index than cats with a poor response, by a statistically 

Fig. 2.	 Kaplan–Meier curves for overall survival time in 17 cats 
comparing with different levels of apoptotic and Ki-67 indices.  
(A) The MST in cats with high AI and low AI was 402.5 days 
and 135 days, respectively (P=0.202). (B) The MST in cats with 
high Ki-67 and low Ki-67 was 582 days and 77 days, respectively 
(P=0.015).
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significant margin (CR and PR vs. SD). Moreover, cats with 
a higher level of Ki-67 treated with radiation therapy had 
significantly longer MST than cats with a low Ki-67 (582 
vs. 77 days, respectively). Despite the relation between pro-
liferation and prognosis being suggested, the reason of this 
relationship is necessary to be clarified by a further study in 
lymphomas.

In our study, a significant positive correlation was 
observed between the rate of spontaneous apoptosis and 
Ki-67-positive cells in feline nasal lymphomas (r=0.509; 
P=0.005). High apoptotic factors have been associated with 
high proliferation indices in canine lymphomas and human 
non-Hodgkin’s lymphomas [19, 24]. Many of the genes that 
control cell death also regulate proteins involved in cell divi-
sion, such as p53. Therefore, cell apoptosis and prolifera-
tion control appear to be closely linked with each other [15, 
24, 34]. Faster proliferating tumors usually indicate better 
response to irradiation, and higher apoptosis levels may also 
reflect rapidly proliferating tumors. Our results show that 
the spontaneous apoptotic and Ki-67 indices are both strong 
predictors of response to radiation therapy in feline nasal 
lymphomas.

In conclusion, although our study was retrospective and 
the study was limited in population size, the response pre-
dictive power of measuring apoptosis and proliferation was 
strong. Assessment of apoptosis and proliferation before 
radiation therapy could be helpful for decision making to 
decide an appropriate protocol of treatment. Because there 
are many regulators of apoptosis and proliferation in tumor 
cells, and because radiosensitivity of cancer treatment is not 
clearly known, additional larger studies would be necessary 
in order to increase the benefit of treatment.
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