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Abstract

This study evaluated molecular characteristics that are potentially prognostic in cats with oral 

squamous cell carcinoma (SCC) that underwent stereotactic radiation therapy (SRT). Survival 

time (ST) and progression-free interval (PFI) were correlated with mitotic index, histopathological 

grades, Ki67 and epidermal growth factor receptor expressions, tumour microvascular density 

(MVD), and tumour oxygen tension (pO2). Median ST and PFI were 106 and 87 days, 

respectively (n=20). Overall response rate was 38.5% with rapid improvement of clinical 

symptoms in many cases. Patients with higher MVD or more keratinized SCC had significantly 

shorter ST or PFI than patients with lower MVD or less keratinized SCC (P=0.041 and 0.049, 

respectively). Females had significantly longer PFI and ST than males (P≤0.016). Acute toxicities 

were minimal. However, treatment-related complications such as fractured mandible impacted 

quality of life. In conclusion, SRT alone should be considered as a palliative treatment. MVD and 

degree of keratinization may be useful prognostic markers.
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Introduction

Feline oral squamous cell carcinoma (SCC) is one of the most devastating veterinary cancers 

due to its high rate of treatment failure. Although traditional and novel treatment modalities 

have been evaluated, there has been no major improvement in tumour control or survival 

time (ST).1–9 Given that almost all patients with oral SCC that undergo any treatment type 

eventually succumb to local tumour recurrence or tumour progression, primary tumour 
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control is the most critical treatment goal. However, lack of our knowledge about the 

biology of SCC limits development of more effective treatment modalities.

In human SCC and feline SCC, possible prognostic markers have been evaluated and those 

include histopathological grading, Ki67, epidermal growth factor receptor (EGFR) and 

microvascular density (MVD). Histopathological grading has been used to evaluate and 

prognosticate human oral SCC and parameters include degree of keratinization, mitotic 

index and stage of invasion.10–13 Ki67 is a protein specifically expressed in the nucleus of 

actively proliferating cells.14 One study evaluated the correlation between 

immunohistochemically evaluated Ki67 expression and treatment outcome after electron 

radiation therapy (XRT) in feline cutaneous SCC.15 In this study, patients with higher Ki67 

expression had better treatment outcome compared to patients with lower Ki67 expression. 

EGFR is a transmembrane receptor coupled with tyrosine kinase. This receptor has been 

shown to play key roles in multiple cellular events including cell proliferation, apoptosis and 

migration in human tumours.16,17 High EGFR immunoreactivity has been shown to be 

prognostic for shorter survival and local control after fractionated XRT in human head and 

neck (H&N) SCC.18 Our previous study revealed that EGFR expression may be a prognostic 

factor in feline oral SCC.19 MVD is a technique to evaluate tumour angiogenesis that has 

been identified as a prognostic factor in some human malignancies including breast 

carcinoma, ovarian carcinoma, and H&N SCC.20–23

XRT plays an important role in management of human and veterinary cancer patients. 

Stereotactic radiation therapy (SRT) is a novel technique recently introduced in veterinary 

medicine. This new technique allows increasing dose to the target yet spares adjacent 

normal structures because of the steep dose drop-off outside the treatment target and higher 

delivery accuracy. It has been suggested that the biological responses/events occur in the 

human tumour and its microenvironment after SRT is different from those after 

conventional fractionated XRT.24,25 Previous studies with xenograft models have shown 

that significant number of tumour vasculature endothelial cells undergo apoptosis when 

tumours are treated with a larger dose/fraction such as >10 Gy/fraction.25 In addition, 

tumours irradiated with a larger dose/fraction (8–10 Gy) have been shown to undergo 

mitotic death following G2 phase-arrest and those receiving an extremely large dose/fraction 

(>15–20 Gy) have been shown to undergo interphase death regardless of the cell cycle 

phase.25 Clinically, SRT has been evaluated as a primary treatment modality for human 

H&N SCC.26–28 In these studies, most patients showed clinical responses and the authors 

concluded that SRT is a useful treatment option for human patients with H&N SCC 

although its long-term treatment outcome was not as favourable as that of more aggressive 

combination treatment of surgery, XRT and chemotherapy. However, because SRT is a 

completely new XRT technique in veterinary medicine, knowledge about its efficacy for a 

variety of veterinary malignancies including feline oral SCC is scarce.

Oxygen status in tissue is a well-known factor that affects the biological response of cells to 

photon irradiation.29 Human cancer contains hypoxic regions due to abnormal tumour 

vascular function, structure and organization.30 Also, hypoxic tumours are known to have 

less apoptotic potential.31,32 In human H&N SCC and cervical carcinoma, tumour hypoxia, 

which is typically defined as median or mean oxygen tension (pO2) < 5–10 mm Hg, predicts 
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tumour control and ST after fractionated XRT.2,33–40 Fractionated XRT has been advocated 

to increase post-treatment tumour pO2 theoretically.29 One study has shown an improvement 

in tumour pO2 in human patients with cervical SCC after treatments including fractionated 

XRT although results of clinical studies are not consistent.34,41,42 Post-SRT in vivo oxygen 

measurement in spontaneous cancer patients has not been reported in human or veterinary 

medicine.

The main purpose of this study was to prospectively evaluate the prognostic significance of 

variety of different markers (histopathological grades, Ki67, EGFR, MVD, tumour pO2 and 

patient parameters) for the patients with feline oral SCC treated by SRT.

Materials and methods

Patient population

Twenty feline oral SCC patients who were referred to the Flint Animal Cancer Center, 

Colorado State University (CSU-ACC) between January 2010 and July 2011 were enrolled 

into the study at owner’s consent. All patients underwent diagnostic evaluations including 

chest radiographs, complete blood count, serum chemistry profile and urinalysis. All 

patients were clinically staged using an established WHO clinical staging scheme (Table 

1).43 This study protocol was approved by institutional animal care and use committee 

(IACUC). All biopsy samples were confirmed to be SCC by a boarded veterinary 

pathologist (E. J. E.).

CT or PET/CT examination and stereotactic radiation therapy

All patients underwent either CT or 18F-FDG PET/CT examination for radiation therapy 

planning, using an integrated PET/CT scanner (Philips Gemini TF Big Bore 16-slice 

scanner, Philips Medical Systems, Andover, MA, USA). After inducing general anaesthesia 

(typically with atropine, methadone or hydromorphone, and ketamine or propofol induction, 

followed by maintenance with oxygen/isoflurane or sevoflurane admixture), patients were 

positioned on the CT couch in either ventral or dorsal recumbency using custom-made 

immobilization devices reported in our previous study.44,45 Patients who underwent PET/CT 

examination were injected intravenously (IV) with 0.17 mCi kg−1 ± 10% 18F-FDG and the 

time recorded. A detailed PET/CT protocol is described in our previous report.45 For the 

patients who did not undergo PET/CT, regular pre- and post-contrast CT studies were 

performed with the same patient setup apparatus.

Post-contrast simulation CT images were imported into the Eclipse treatment planning 

workstation (version 8.6.0, Varian Medical Systems, Palo Alto, CA, USA). Normal organs 

at risk (OAR) such as eyes, lenses, brain, skin, oral mucosa, bones, trachea, oesophagus, 

mandibular salivary glands, spinal cord, optic chiasm and tongue were identified and 

contoured. Mandibular and retropharyngeal lymph nodes were also contoured. Grossly 

identifiable tumour was delineated as the gross tumour volume (GTV) based on contrast 

enhancement and PET avidity. No expansion for potential subclinical diseases [GTV-to-

clinical target volume (CTV) margin] was used. This is because SRT delivers a higher dose 

per fraction to the target and irradiating the surrounding normal tissues (that could be 
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included in the CTV) with high dose per fraction increases the risk of late radiation 

toxicities. A uniform planning target volume (PTV) expansion (2 mm) was added to the 

GTV, lymph nodes, and all OARs. Computerized, three-dimensional image-based treatment 

planning using an inverse planning algorithm, tissue heterogeneity correction and intensity 

modulation (sliding leaf technique with multi-leaf collimator) was used for all patients. 

Photon energies (6 MV and/or 10 MV) were used for all patients and typical plans consisted 

of equally spaced 6–10 co-planar beams. Isocentric (100 cm) technique was used for all 

patients. Tissue-equivalent bolus was used when required. Plans were evaluated by visual 

inspection of dose colour-wash and dose volume histograms and approved by an American 

College of Veterinary Radiology board-certified veterinary radiation oncologist (S. M. L.). 

The regional lymph nodes were irradiated either prophylactically or with curative intent 

depending on the result of physical examination, CT or PET/CT images, and cytological 

examination. Quality assurance of the plan and dose delivery was performed for each case 

by an American Board of Radiology certified therapeutic medical physicist.

On the day of treatment, patients were anaesthetized and positioned on the treatment couch 

with the immobilization devices made at the time of CT/PET-CT examination. A Varian 

Trilogy linear accelerator (Varian Medical Systems, Palo Alto, CA, USA) was used to 

administer SRT. Alignment of patient positioning was done by comparing digitally 

reconstructed radiographs that are created in the Eclipse workstation and/or original 

planning CT to two orthogonal kV images and/or cone-beam CT that were obtained with on-

board imaging device.44 Using an image comparison tool, appropriate couch shifts (X, Y, 

and Z directions, as well as couch rotation) were applied.

In this study, the proposed SRT protocol was 10 Gy×3 fx (3 consecutive days) to the PTV 

but this was modified to 20 Gy×1 fx because many patients had concurrent medical issues 

that precluded repeated anaesthesia. This change was also approved by the IACUC.

Patient follow-up and evaluation of treatment response, outcome and toxicities

Patients were checked 2 weeks after the SRT either at the CSU-ACC or at the referring 

animal hospitals. All patients were followed-up every 2–3 months thereafter until their death 

or as needed. A follow-up CT or PET/CT examination was performed to evaluate treatment 

response 4 weeks after SRT. Only contrast-enhanced CT images were used for this purpose 

to maintain consistency between patients. Complete remission (CR), partial response (PR), 

progressive disease (PD) and stable disease (SD) were defined as follows; 

CR=disappearance of detectable diseases, PR≥30% reduction in the largest tumour 

dimension, PD≥20% increase in the largest tumour dimension, SD=between PR and PD. 

The severity of SRT-related acute and late toxicities was evaluated at the time of recheck 

appointments and score based on the published scoring schemes from the Veterinary 

Radiation Therapy Oncology Group (VRTOG).46 Progression-free interval (PFI) was 

defined as the time from the start of SRT to the clinically noticeable tumour recurrence or 

patient death, whichever comes first. ST was defined as the time from the start of the SRT to 

the patient death. Patients who died of disease-unrelated to the tumour/treatment were 

censored from PFI and ST analyses. Kaplan–Meier analysis was performed to estimate 

median PFI and median ST.
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Histophathological grading

Grading system used was modified from a published system for human H&N tumours.47 

This system consisted of histological grading of malignancy of tumour cell population 

(degree of keratinization, nuclear polymorphism and number of mitosis) and tumour–host 

relationship (pattern of invasion, stage of invasion and lympho-plasmacytic infiltration). 

Modifications were determined by the primary author and a boarded veterinary pathologist 

(E. J. E.) (Table 2). This system was applied to the feline oral SCC of this study by the 

primary author with all grading overseen by this pathologist (E. J. E.).

Mitotic index

MI was evaluated as described in our previously published study.19 Briefly, MI was 

determined by counting mitotic cells in 10 random HPFs (400×magnification) of H&E 

stained slides. The slides were read twice by a single author (H. Y.) in a blind manner and 

the total numbers of cells in mitosis were divided by the numbers of HPFs counted to obtain 

an average MI (MIave). The maximum number of mitotic cells in these HPFs for each 

patient was also recorded as MImax and used as one of the variables. These results were 

confirmed by a boarded veterinary pathologist (E. J. E.).

Immunohistochemistry for Ki67, Von-Willebrand factor (vWf, for MVD), and EGFR

The immunohistochemistry (IHC) protocol for Ki67, vWf and EGFR are described in our 

previously published study.19 Briefly, after antigen retrieval [citrate buffer (Dako target 

retrieval solution, Dako, Carpinteria, CA, USA) for Ki67 and vWf, and with protease (Dako 

cytomation proteolytic enzyme, Dako) for EGFR for 1 min at 125 °C] and blocking 

(Background sniper, Biocare medical, Concord, CA, USA) for non-specific binding (10 min 

at room temperature), primary antibody [mouse anti-human Ki67 monoclonal (MIB-1, 

Dako) 1:50 dilution; rabbit anti-human vWf (A0082, Dako) polyclonal 1:300 dilution; 

mouse anti-human EGFR monoclonal (ab-10, Thermo Fisher Scientific, Fremont, CA, 

USA)1:50 dilution] was applied and incubated overnight at 4 °C. After blocking endogenous 

peroxidase (3% hydrogen peroxide for 10 min), the slides were incubated with a universal 

secondary antibody (Dako Envision + Dual link, Dako) for 20 min at room temperature. A 

diaminobenzidine substrate kit (DAB substrate kit for peroxidase, Vector Laboratories, 

Burlingame, CA, USA) was utilized to detect immunoreactive complexes. The slides were 

counterstained with Mayer’s haematoxylin and permanently mounted. Appropriate positive 

control slides were used for each batch and for all antibodies (feline lymph nodes for Ki67 

and feline urinary bladder for vWf and EGFR). Negative controls were stained exactly the 

same as the tumour slides except for omission of the primary antibody.

Grading of IHC stains

The evaluation of Ki67 and EGFR was completed as our previously reported study.19 

Briefly, two readers (H. Y. and J. B. C.) graded all slides independently based on criteria 

described below. Grading was performed in a blind manner. Discrepancies were reviewed 

together at a multi-head microscope and consensus was reached. Grading was confirmed by 

a boarded veterinary pathologist (E. J. E.). If no consensus was obtained, the reading was 

repeated.

Yoshikawa et al. Page 5

Vet Comp Oncol. Author manuscript; available in PMC 2016 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Scoring of the protein expression of Ki67 and EGFR

Ki67 and EGFR staining was evaluated as previously reported by our group.19 Briefly, the 

percent of positively stained tumour cells (0, 0%; 1, 1–5%; 2, 6–20%; 3, 21–50%; 4, ≥51%) 

(Ki67%) and the average intensity of positively stained tumour cells (0, negative; 1, weak; 2, 

moderate; 3, strong and 4, very strong) (Ki67int) were recorded and these were multiplied to 

obtain a total score of 0–16 (Ki67total) for Ki67. For the EGFR, the percent of positively 

stained tumour cells (0, 0%; 1, <10%; 2, 11–30%; 3, 31–60% and 4, ≥61%) (EGFR%) and 

the average intensity of positively stained tumour cells (0, negative; 1, weak; 2, moderate 

and 3, strong) (EGFRint) were scored and these were multiplied to obtain a total score 

(EGFRtotal).

Microvascular density analysis

MVD was evaluated as described in our previous study.19 Briefly, blood vessels positive for 

vWf was quantified using a microscope equipped with a CCD camera (Carl Zeiss Axioplan 

2 imaging scope, Carl Zeiss, Thornwood, NY, USA) and image analysis software (Axio 

Vision 4.3 system software, Carl Zeiss). After scanning the entire field under low power 

field (40×magnification), the highest microvascular density area (hot spot) close to tumour 

cells was determined subjectively.48 Then, at 200×magnification, two distinct hot spots were 

picked from each slide and captured. MVD was expressed as the ratio of positively stained 

pixels of representative endothelium over the total amount of image pixels and the results 

from these two slides were averaged (Auto%Ave). Higher percentile among these two 

images was also recorded as Auto%Max. We also counted the number of microvessels 

manually as a previous study and averaged them to obtain ManualAve and the maximum 

count among the two hot-spot images was also recorded as ManualMax.48

pO2 measurement

pO2 in the tumour was measured immediately before and 24 h after SRT. pO2 was also 

measured in an accessible normal-looking area of mucus membrane outside of the treatment 

field to serve as an internal control. Tissue pO2 was measured using a fiber-optic pO2 

measurement system (OxyLite system, Oxford Optronics, Abingdon, UK) with a ‘large 

area’ probe with an 8 mm window for pO2 measurement. After inducing general 

anaesthesia, patients inhaled admixed oxygen which was set to 28% of pO2 and were 

maintained for at least 15 min to equalize the oxygen concentration in the body. This 

produces a pO2 within the normal range for patients at altitude.49 The site and insertion 

angle of the probe were decided based upon the planning CT. The site for the normal tissue 

pO2 was decided for each case, depending on the patient position and tumour location. Sites 

were then gently cleaned with 4% chlorhexidine and saline. A small skin/mucosal incision 

was made with a #11 scalpel blade. The sheath of a 24 G intravenous catheter was used to 

pass the oxygen probe into the tumour and the normal tissues. Probe positioning was 

visually confirmed. Once the probes were placed in the tissues, pO2 measurement was 

started. All data was recorded using software provided by the manufacturer (Chart5, Oxford 

Optronics). Typically, it took approximately 5–10 min until the measurement reading 

stabilized. Once the measurement was completed, probes were pulled out and the incision 

sites were cleaned appropriately. All probes were calibrated immediately before each 
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measurement following manufacturer’s instructions. After the measurement, the pO2 data 

was reviewed using the provided software. Final data was obtained by averaging 

approximately 10 s of reading after reached stable status. Two-tailed, paired t-test was 

performed to evaluate changes in pre- and post-SRT pO2 in tumour and normal tissue.

Evaluating markers as a prognostic factor for ST and PFI

Patients were divided into two groups; above or below the median result of each marker 

(‘high’ and ‘low’ groups, respectively). A Log-Rank test was performed to evaluate for a 

prognostic significance for ST and PFI. Univariate Cox-proportional hazard analysis was 

also performed. Patient factors included for those analyses were sex, age at the time of 

diagnosis of oral SCC, body weight at the time of SRT, clinical stage, volume of GTV and 

tumour location. Variables with those P-values < 0.05 in either Log-Rank or univariate Cox-

proportional hazard analysis were included in multivariate Cox-proportional hazard analysis.

Difference of IHC markers, histopathological grading, pre-SRT tumour pO2 and volume of 
GTV between clinical stages or tumour locations

Patients were sorted into either clinical stages II or III/IV. Patients were also grouped into 

either mandibular/maxillary or tongue/laryngeal group. Between these groups, statistical 

analyses were performed to evaluate any difference in IHC scores, pre-SRT tumour pO2 and 

volume of GTV. Student’s t-test was performed for the pre-SRT tumour pO2 and the volume 

of GTV. Mann–Whitney rank sum test was performed for the MI and the MVDs. Fisher 

exact test was performed for the Ki67, the EGFR and the histopathological grading.

Statistical analysis

All statistical analysis was performed using commercially available software (SigmaStat 

version 3.5 and SigmaPlot version 12, Systat Software, San Jose, CA, USA). A P-value < 

0.05 was considered statistically significant.

Results

Patient information, ST and PFI

Fifteen domestic short hair, four domestic long hair and one Siamese were included in the 

study. Tumour locations included mandible (11), lingual/laryngeal (6) and maxilla (3). 

There were 12 neutered males, 7 neutered females and 1 intact male. Mean patient age and 

body weight at diagnosis were 12.5 years old and 4.4 kg, respectively. There were nine each 

patients in clinical stages II and III and two patients were in stage IV. All histopathological 

grading criteria were (Table 2) subjectively evenly distributed except the stage of invasion 

since most cases had invaded into the adjacent muscles (data not shown). Information 

regarding sex, age and body weight of the patients, tumour location, clinical stage, volume 

of GTV, prescribed dose, maximum, mean, and 95% doses of PTV, ST, PFI and reason of 

death are listed in Tables 3 and 4. One of the two patients who received 10 Gy×3 fractions 

(#3) received an additional fraction of 20 Gy when the tumour recurred 104 days after the 

first fraction of SRT. One of the 17 patients (#19) who received 20 Gy×1 fraction underwent 

multiple cytoreductive surgeries when the tumour recurred 108 days after the start of SRT. 

For these two patients, PFI was determined at time of first recurrence. Among the 20 
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patients, 12 had PET/CT examination and eight had CT examination for SRT planning. 

There were two patients with metastatic lymph nodes. One of them had a large SCC at left 

side of the neck and the mandibular and retropharyngeal lymph nodes were considered 

contiguous to the original tumour mass. The other patient had a metastatic superficial 

cervical lymph node. This patient received 16.2–16.6 Gy to its mandibular, retropharyngeal 

and cervical lymph nodes.

Among the 20 cats, 2 cats were euthanized due to tumour/treatment-unrelated problems both 

at day 21 (Case#4: heart failure, case#6: acute renal failure) (Table 4). These two cats had 

no obvious progression of disease when they were euthanized. They were censored from ST 

and PFI analysis. Median ST was 106 days (range: 14–359 days) (Fig. 1A). Median PFI was 

87 days (range: 14–206 days) (Fig. 1B) (range: 14–206 days).

Thirteen cats underwent either CT or 18F-FDG PET/CT 30 days post-SRT in average. 

Among them, two cats (15.4%) showed CR, eight cats (61.5%) showed SD and three cats 

(23.1%) showed PR. Overall response rate was 38.5% (Table 4).

Evaluating markers as a prognostic factor for ST and PFI

As previously reported, Ki67 showed nuclear staining.19 vWf and EGFR showed 

cytoplasmic and membranous staining, respectively.19 Log-Rank test revealed multiple 

variables that were significantly prognostic for ST and PFI. For ST, EGFRint, ManualAve, 

patient sex and volume of GTV showed statistically significant differences between the two 

groups. To evaluate prognostic importance of these variables by accounting for mutual 

impact, we conducted multivariate Cox-proportional hazard analysis (Table 5). This test 

revealed that patients with higher ManualAve (P=0.041, RR=1.06, 95% CI=1.002, 1.1) 

(Figs 2A,B and 3A) or male patients (P=0.025, for female: RR=0.26, 95% CI=0.08, 0.84) 

had significantly shorter ST than patients with lower ManualAve or female patients (Table 

5). For PFI, EGFRint, degree of keratinization and patient sex are statistically significant in 

the Log-Rank analysis. In the multivariate Cox-proportional hazard analysis, patients with 

higher degree of keratinization (P=0.049, RR=0.087, 95% CI=0.0076, 0.99) (Figs 2C, D and 

3B) or male patients (P=0.016, for female: RR=0.17, 95% CI=0.042, 0.72) had significantly 

shorter PFI (Table 6). No other histopathological grading parameters showed a statistical 

significance.

Patients #1 and #3 received 10 Gy×3 fractions whereas other 18 patients received 20 Gy×1 

fx. Also, patient #19 underwent multiple cytoreductive surgeries when the tumour recurred. 

Therefore, we conducted the same ST analysis but this time, without these three cases. 

When patient #1, 3, 19 were excluded from the ST analysis, patients with higher ManualAve 

(P=0.014, RR=1.1, 95% CI=1.02, 1.3) or male patients (P=0.007, for female: RR=0.042, 

95% CI=0.0039, 0.42) still had significantly shorter ST in the multivariate Cox-proportional 

hazard analysis. Because patients #1 and #3 underwent different SRT protocol from other 18 

patients, PFI analysis without these 2 patients were also performed. In this analysis, male 

patients (P=0.038, for female: RR=0.13, 95% CI=0.019, 0.89) still had significantly shorter 

PFI in the multivariate Cox-proportional hazard analysis.
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pO2 measurement

Pre- and post-SRT pO2 in tumour and normal tissue were summarized in Fig. 4. pO2 

measurement was not performed in one patient (SCC #10) due to the patient’s condition 

while under anaesthesia. Four of the 19 patients had only the pre-SRT pO2 measurement 

(SCC #2,4,16: poor general condition, SCC #8: equipment failure). Paired t-test revealed 

that post-SRT tumour pO2 was significantly lower than pre-SRT tumour pO2 (n=15, 

mean=19.2 versus 11.02 mm Hg, P=0.047) (Fig. 4). Paired t-test also revealed that pO2 in 

pre-SRT tumour (n=18) and post-SRT tumour (n=15) are significantly lower than those in 

pre-SRT normal tissue and post-SRT normal tissue, respectively (both P<0.001, 21.5 versus 

75.8 mm Hg and 11.02 versus 68.8 mm Hg, respectively) (Fig. 4). pO2 in the normal tissues 

was normal in both pre- and post-SRT.

Difference of IHC markers, pre-SRT pO2 and volume of GTV between patients with different 
clinical stages or tumour locations

Statistically significant difference was not found between clinical stages II and III/IV. 

Statistical analyses revealed that patients with Tongue/Laryngeal tumours had significantly 

higher ManualAve and ManualMax than patients with Mandibular/Maxillary tumours (both 

P≤0.001).

SRT-related toxicities

Toxicities and treatment-related complications are summarized in Table 7. No patients 

showed acute toxicity in skin or mucous membrane with VRTOG scores 2 or higher. Patient 

#13 showed refractory glaucoma in the left eye approximately 2 months after SRT. CT 

examination which was performed at this time revealed local tumour progression but the 

exact cause of glaucoma of the left eye could not be determined. Other patients showed no 

late effects or score 1 late effect in their skin/hair or eyes. Fractured/displaced mandible was 

observed in 6 of 11 mandibular cases, fibrosis in 3 of 6 lingual/laryngeal cases and oro-nasal 

fistula in 1 of 3 maxillary cases.

Discussion

Feline oral SCC is a locally aggressive cancer that responds to local treatment initially but 

almost always recurs locally.43 Although our knowledge about its aetiology/biology has 

been deepened by previous studies,19,50,51 knowledge about tumour biology that possibly 

leads to better local tumour control is still scarce.7,9,52–55 This study was to evaluate the 

biological variables that possibly act as a prognostic marker in feline patients with oral SCC 

treated by the novel type of radiation therapy, SRT.

We found that patients with higher MVD had shorter ST compared to patients with lower 

MVD. This finding is in contrast to a previous human study in which treatment outcome of 

patients with H&N SCC was worse in patients with lower MVD.23 In that study, patients 

underwent fractionated radiation therapy instead of SRT. Although not proven in human 

patients, it has been presumed that the tumouricidal effect of SRT, which typically delivers 

higher dose per fraction, consists of radiation damage directly to the cancer cells and indirect 

damage secondary to tumour vasculature damage, whereas the effect of fractionated XRT is 
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mainly from the direct killing of the cancer cells.24 It has also been shown that the MVD 

decreases immediately after a large single dose of radiation (10–15 Gy), remains reduced for 

varying periods and occasionally re-grows to the original level.24 In a study with human 

glioblastoma, tumour started re-growing when blood perfusion recovered 3 weeks after an 

initial reduction in MVD and perfusion and an increase of hypoxic fraction caused by a 

single large dose of radiation (15 Gy).56 Although we did not evaluate MVD serially and the 

correlation between MVD and tissue hypoxia is still unclear, patients with higher pre-SRT 

MVD may have had more surviving tumour vasculature and a lower hypoxic fraction 

compared to patients with lower pre-SRT MVD, resulting in continuous proliferation of 

cancer cells. This may have led to significantly earlier local failure in patients with higher 

pre-SRT MVD in this study. This result suggests that additional treatments targeting tumour 

vasculature such as metronomic chemotherapy may be beneficial although this additional 

treatment may also increase the chance of normal tissue late toxicities by damaging normal 

endothelial cells unless the treatment is targeted to the tumour vasculature. Further study of 

serial evaluation of the change in MVD before and post-SRT is needed.57

Statistical analyses revealed that patients with less keratinized SCC had longer PFI 

compared to patients with more keratinized SCC. In human H&N SCC, one study reported 

that lower degree of keratinization correlates to better treatment outcome.58 Other studies 

also showed that human patients with more differentiated SCC had significantly poorer local 

tumour control than patients with less differentiated SCC.59,60 The patients in these three 

studies underwent conventional fractionated XRT. Keratinized SCC is generally considered 

to be more differentiated. Less differentiated tumours are generally considered to be more 

aggressive. Although these results seem counterintuitive, our result regarding the degree of 

keratinization is in accordance with the findings in human SCC studies. Because this 

variable is easily evaluated using H&E stained tumour specimens, it might be worth 

continuing to evaluate the prognostic significance to verify its usefulness in a larger patient 

population.

We found that the male patients had significantly shorter ST and PFI compared to female 

patients. As of our knowledge, this has never been reported and a plausible reason for the 

difference between males and females still needs to be investigated in a larger patient 

population.

Patients with low scores of EGFR intensity had significantly shorter ST and PFI than those 

with high scores in the Log-Rank analyses although this was not significant in the 

multivariate Cox-proportional hazard analysis. Further investigation is needed to exclude the 

chance of type II error caused by the small sample population in this study.

In this study, median ST and median DFI were 106 and 87 days, respectively. Although 

inter-study comparison is difficult, these outcomes in the current study do not appear to be 

superior to previous studies.3,5,8 However, advantages of this study include fewer 

anaesthesia events, less cosmetic and functional changes compared to more radical surgery, 

and lower probability of side effects compared to other type of palliative radiation therapy.1 

The major disadvantage of SRT is its cost. Because the current study failed to prove an 

advantage in long-term local control over other treatment modalities and SRT showed about 
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40% of overall response rate with rapid improvement of clinical symptoms in many cases, it 

should be considered as a palliative treatment as is in human H&N SCC.26–28

Tumour vasculature is not the same as normal tissue vasculature.61 Tumour vasculature is 

characterized by its tortuous, dilated, dead-ended and leaky structure.30,61 It has been shown 

that the tumour vasculature is less dense and less effective to deliver oxygen and nutrients to 

the surrounding cells.61 Moreover, blood flow in the tumour is slow and bi-directional.61 

Although no study has evaluated the blood flow dynamics and vascular structure in feline 

oral SCC, it might be reasonable to assume that these well-known characteristics of tumour 

vasculature can be applied to this feline cancer. In our study, we performed direct 

measurement of tissue pO2 in the oral SCC and nearby normal tissues using a fiber-optic 

system. In human H&N SCC, tumour pO2 as a prognostic value has been extensively 

studied with controversial results.2,34,41,62. In the current study, no correlations were found 

between pre-SRT tumour pO2 and ST or PFI. There are a couple of possible explanations for 

this result. First, the treatment protocol in the current study SRT was different from these 

previous studies that used fractionated protocols. Second, the oxygen measurement probe 

used in this study was different from the one used in previous reports, in which 

polarographic oxygen probes were used.34,62 In our study, we used the fiber-optic probe. 

Although histogram analysis is probably the most ideal technique that is currently available 

to evaluate tissue oxygen status, we obtained a single-point reading of pO2 with a wide 

window probe. This probe has an 8 mm of reading window and therefore, the pO2 readout is 

the average of the pO2 around the window. Given the fact that the tissue pO2 changes 

dramatically in less than 100 μm,29 hypoxic areas may have been masked by non-hypoxic 

areas with this averaging. However, the fiber-optic probe has some advantages over the 

polarographic probes and those include higher sensitivity in the lower range (pO2 < 10 mm 

Hg) of pO2 and no oxygen consumption by the probe.63 Even with those advantages, fiber-

optic probes lack spatial information of pO2 and a novel pO2 measurement modality which 

allows us quick and accurate measurement in multiple points and is as practical as the fiber-

optic system will be needed to deepen our knowledge about tumour pO2.

In this study, pre-SRT mean pO2 in the tumour was significantly lower than that in the 

normal tissues. A statistically significant difference between the tumour and normal tissues 

was also seen at 24 h after SRT. These findings are in accordance with the general 

consensus that tumour is more hypoxic than normal tissues.62,64 However, as is shown in 

Figure 4, we observed a large inter-patient variation of pO2 in normal tissues. This variation 

has been reported in human literature too.62,64,65 These previous studies have also shown 

that there is a large intra-patient/intra-organ heterogeneity of pO2, by using the histogram 

technique. Although we performed only a ‘single-point measurement’ in the normal 

subcutaneous tissues, the inter-patient heterogeneity we observed may suggest that the 

oxygenation status in feline normal tissues is similar to that in human normal tissues. 

Previous reports have also shown that there is some inter-patient heterogeneity in tumour 

pO2.2,34,41,62 Although different measurement techniques were used among the previous 

studies as well as between these studies and our current studies, the heterogeneity in tumour 

pO2 we observed may suggest that it might be worth further investigation for 

prognostication. Tumour oxygenation status is an important tumour-microenvironmental 
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factor that affects the response of tumour to radiation therapy especially photon therapy.29 

For photon XRT, oxygen enhancement ratio (OER), an indicator of how much higher dose 

is required under hypoxic condition to obtain the same radiobiological effects seen under 

oxygenated condition, has been reported to be around 2.5 at lower dose range (~3 Gy) and 

become higher up to 3.5 as the dose increases (5–25 Gy) in Chinese hamster cells.29 

Although we showed that the pO2 in the tumour is lower than that in the surrounding normal 

tissues, an obvious question would be the magnitude of hypoxia at which level we see a 

significant reduction in radiobiological effects. A study that was reported in 1953 has shown 

that about 3 mm Hg of pO2 (0.5%) is required to obtain 50% radiosensitivity of fully 

oxygenated tumours and under 30 mm Hg of pO2, cells are 100% radiosensitive.66 This 

data, however, was obtained by using mouse tumour cells and some plant cells and 

therefore, it may not be appropriate to extrapolate these numbers directly to feline oral SCC 

and other types of malignancies. Clinically, there are studies that evaluated significance of 

pre-treatment tumour pO2 as a prognostic marker for human H&N SCC patients treated with 

fractionated XRT.2,33,34,41,62,67 One of these studies evaluated pO2 in 397 patients with 

H&N SCC.33 In this study, patients whose fraction of pO2 ≤2.5 mm Hg was less than 19% 

of total measurement had significantly better overall survival than those whose fraction of 

pO2 <2.5 mm Hg was more than 19%. Moreover, the fraction of pO2 ≤2.5 mm Hg was the 

most statistically significant prognostic marker for patient survival.33 Patients in this study 

underwent curative intent fractionated XRT with or without chemotherapy/surgery. Four 

other studies set the cut-off value pO2 between 2.5 and 10 mm Hg and found significantly 

worse prognosis in patients with higher hypoxic fraction.2,34,41,67 Therefore, it may be 

reasonable to assume that clinically significant cut-off value for the pO2 histogram in human 

patients with H&N SCC treated with fractionated XRT is between 2.5 and 10 mm Hg. In the 

current study, however, we treated patients with feline oral SCC with SRT, not fractionated 

protocol. As mentioned below, it seems like that there is a substantial difference in the 

events occurring in the tumour cells and their microenvironment in response to XRT 

between SRT and fractionated regimen. Furthermore, because the method we performed 

averages the pO2 around the probe, it does not provide us a histogram. And finally, our 

study has smaller patient population compared to these human H&N SCC studies. Because 

of these differences/limitations in this study, our future direction to understand the clinical 

impact of tumour oxygenation includes a more detailed pO2 measurement such as histogram 

evaluation in a larger patient population.

In contrast to the well-accepted concept of re-oxygenation after a small fraction of radiation, 

we did not observe an increase of tumour pO2.29 Instead, we observed a significant 

reduction of tumour pO2 after SRT. Previous studies with xenograft models suggested that 

when higher dose per fraction is used, radiation damage to the endothelial cells becomes 

critical and leads these cells to initiate apoptotic cascades as early as 3 h post-

irradiation 68,69 In the mouse xenograft model, the threshold dose for endothelial cell death 

has been suggested to be around 10 Gy.68 In a study with human H&N SCC mouse 

xenograft, a single dose of 10 Gy caused a significant reduction of hypoxic fraction with a 

minimum value reached at 7 h post-irradiation followed by a steady increase of the hypoxic 

fraction until 11 days post-irradiation.70 The hypoxic fraction at that time (11 days post-

irradiation) was significantly higher than that at between 2 and 96 h post-irradiation.70 
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Although the endothelial cell damage, at least partially, may be the cause of the significant 

reduction of tumour pO2 after SRT observed in this study, spatial and serial information of 

pO2 and MVD is essential to understand the in vivo effect of SRT on the tumour endothelial 

cells and tumour microenvironment more in detail.

In our previous study, we reported that the MVD in lingual SCC tended to be higher than 

that in mandibular/maxillary SCC.19 In this study, we found the same difference between 

tongue/laryngeal group and mandibular/maxillary group, but this time the difference was 

statistically significant (P<0.001). The impact of this significant difference to the patient 

outcome is unclear because the tumour location (mandibular/maxillary versus tongue/

laryngeal) was not a prognostic factor in our current study. To clarify this discrepancy 

between our current and previous studies, we think that it is important to increase the patient 

population and continue evaluating the difference in MVD between lingual/laryngeal SCC 

and mandibular/maxillary SCC.

In this study, no patients showed acute or late toxicities with score of 3 in the skin/mucous 

membrane, however, ST was not long enough to adequately study late effects (Table 7). No 

patients showed acute toxicities or if they did, the score was 1 in skin, or mucous membrane. 

These acute toxicities were self-limiting and no treatment was indicated. There was a patient 

with possible radiation-induced glaucoma in the left eye recognized 8 weeks post-SRT 

(patient #13). This patient had left maxillary SCC and received a single fraction of 20 Gy. 

The left eye was in the treatment field. Although the multi-leaf collimator was used to 

minimize the dose to the left eye, approximately 30% of the eye, mostly the ventral aspect, 

received 10 Gy. Post-mortem examination of the eye was not performed due to owner’s 

request. A CT examination at the time of diagnosis of the glaucoma revealed significant 

progression of SCC but could not differentiate whether the glaucoma was caused by tumour 

progression or toxicity of SRT. Because there are only three maxillary SCC cats whose ST 

is more than 2 months, it is difficult to decide the precise incidence rate of SRT-related 

glaucoma at this point. In the future, patients with maxillary SCC should be closely watched 

post-SRT for any signs of intra-ocular inflammation or glaucoma. In the other patients with 

mandibular, laryngeal or lingual SCC, there was no sign of acute/late toxicity in their eyes, 

demonstrating the advantage of a sharp drop-off of radiation dose outside the treatment 

target for intensity modulation and SRT. We also observed fracture of mandible, lingual 

fibrosis and oro-nasal fistula formation typically 2–3 months post-SRT. Those complications 

were seen in 50% of cats in this study. Although clear distinction of the cause of those 

complications is impossible (radiation-induced toxicity versus tumour invasion or tumour-

induced inflammation), it may be safe to assume that the complication rate following SRT is 

relatively high in cats with locally advanced oral SCC. Unless effective reconstruction 

techniques or tissue engineering is developed, it is likely that these complications will 

continue to be a problem in patients with any type of destructive oral malignancies.

In conclusion, although the tumour rapid response to SRT with alleviation of clinical 

symptoms and fewer anaesthesia episode are advantages of SRT, the associated cost, the 

higher chance of late complications and relatively short period of local tumour control limit 

the use of this modality as a sole treatment, especially the protocol of a single fraction of 20 

Gy, to a palliative purpose only. MVD and degree of keratinization appear to be prognostic 
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indicators for patients undergoing SRT and anti-angiogenic treatment may help improving 

local tumour control. Changes in tumour pO2 following SRT in feline oral SCC suggests 

tumour vasculature in this tumour responds in a similar fashion as is reported in human 

H&N SCC but serial monitoring might allow more detailed insight about its dynamics. This 

may also help identify possible treatment targets that amplify the effect of SRT. Acute 

toxicity was minimal, although late toxicities/treatment-related toxicities impacted patient 

quality of life.
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Figure 1. 
Kaplan–Meier graphs representing (A) survival time and (B) progression-free interval of 

feline patients with oral squamous cell carcinoma treated by stereotactic radiation therapy. 

Black circles indicate censored patients.
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Figure 2. 
Representative microscopic images of (A) low and (B) high microvascular density and (C) 

low and (D) high degree of keratinization. Bar=20 μm.
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Figure 3. 
Kaplan–Meier graphs representing outcome of feline patients with oral squamous cell 

carcinoma treated by stereotactic radiation therapy. (A) Survival time stratified by low (red) 

or high (blue) in the microvascular density (ManualAve). (B) Progression-free interval 

stratified by low (blue, more keratinized group) or high (red, less keratinized group) in 

scoring of the degree of keratinization histopathological grading system. Black circles 

indicate censored patients.
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Figure 4. 
Bar graphs representing changes of oxygen tension in the tumour (checked pattern) and 

nearby normal tissues (blank) measured in feline patients with oral squamous cell 

carcinoma, measured immediately before SRT and 24 h post-SRT. Asterisk represents 

P=0.047 and double asterisk represents P<0.001.
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Table 1

Clinical staging scheme for feline oral tumours

Primary
Tumour (T)

T1 Tumour<2cm in diameter at greatest dimension, without
 evidence of bone invasion (a) or with evidence of bone invasion (b)

T2 Tumour 2–4 cm in diameter at greatest dimension, without
 evidence of bone invasion (a) or with evidence of bone invasion (b)

T3 Tumour >4 cm in diameter at greatest dimension, without
 evidence of bone invasion (a) or with evidence of bone invasion (b)

Regional lymph
 nodes (N)

NO No regional lymph node metastasis

N1 Movable ipsilateral lymph nodes, without evidence of lymph node metastasis (a) or with evidence of
 lymph node metastasis (b)

N2 Movable contralateral lymph nodes, without evidence of lymph node metastasis (a) or with evidence of
 lymph node metastasis (b)

N3 Fixed lymph nodes

Distant metastasis (M)

M0 Distant metastasis not detected

M1 Distant metastasis detected

Stage grouping Tumour (T) Nodes (N) Metastasis (M)

I T1 N0, N1a, N2a M0

II T2 N0, N1a, N2a M0

III T3 N0, N1a, N2a M0

Any T N1b M0

IV Any T N2b, N3 M0

Any T Any N M1
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Table 2

A modified histopathological grading scheme for feline oral squamous cell carcinoma

Points

Morphologic
parameter 1 2 3 4

Histologic grading of malignancy of tumour cell population

Degree of
 keratinization

Highly keratinized
 (>50% of the cell)

Moderately keratinized
 (20–50% of the cells)

Minimal
 keratinization
 (5–20% of the
 cells)

No keratinization (0–5% of the
 cells)

Nuclear
 polymorphism

Little nuclear
 polymorphism
 (>75% mature cells)

Moderately abundant
 nuclear
 polymorphism
 (50–75% mature
 cells)

Abundant nuclear
 polymorphism
 (20–50%
 mature cells)

Extreme nuclear
 polymorphism (0–25%
 mature cells)

Number of
 mitosis/HPF
 (400×)

0<MI≤1.5 1.5<MI≤3.0 3.0<MI≤5 MI>5

Histologic grading of malignancy of tumour–host relationship

Pattern of invasion Pushing,
 well-delineated
 infiltrating borders

Infiltrating, solid cords,
 bands and/or
 strands

Small groups or
 cords of
 infiltrating cells
 (n>15)

Marked and widespread
 cellular dissociation in small
 groups of cells (n<15)
 and/or in single cells

Stage of invasion
 (depth)

Carcinoma in situ
 and/or questionable
 invasion

Distinct invasion, but
 involving lamina
 propria only

Invasion below
 lamina propria
 adjacent to
 muscles, salivary
 gland tissues
 and periosteum

Extensive and deep invasion
 replacing most of the
 stromal tissue and
 infiltrating jaw bone

Lympho-
 plasmacytic
 infiltration (at
 20×)

Throughout every field Some within every
 field

Only in some fields None

Vet Comp Oncol. Author manuscript; available in PMC 2016 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Yoshikawa et al. Page 25

Table 3

Summary of patients’ profile

Patient# Sex Age (years) BW (kg) Tumour location Clinical stage GTV volume (cm3)

1 FS 12.7 5.1 R mandible II: T2b, N0, M0 4.9

2 MI 14.2 3.8 R mandible III: T3b, N0, M0 12.8

3 FS 6.2 3.3 R maxilla II: T2b, N0, M0 5.9

4 FS 13.3 4.5 R mandible II: T2b, N0, M0 11.8

5 MC 12.2 5.6 R mandible III: T3b, N0, M0 38.9

6 MC 13.3 7.3 L mandible III: T3b, N0, M0 22.9

7 MC 9.8 6.1 L mandible III: T3b, N0, M0 18.1

8 FS 12.8 2.5 R mandible II: T2b, N0, M0 2.6

9 MC 12.5 4.3 sublingual II: T2a, N0, M0 5.3

10 MC 17.7 2.8 R mandible III: T3b, N0, M0 13.2

11 MC 10.5 4.1 Laryngeal IV: T3a, N3, M0 29.3

12 MC 13 5.2 Sublingual III: T3a, N0, M0 13.5

13 MC 16.7 4 L maxilla II: T2b, N0, M0 13

14 MC 8.1 4.8 Laryngeal/lingual II: T2a, N0, M0 5.1

15 FS 13.5 5 R mandible III: T3b, N0, M0 18.8

16 MC 11.1 2.8 R mandible IV: T3b, N1b, M0 21.3

17 FS 14.3 4.5 Sublingual II: T2a, N0, M0 6.8

18 MC 15 3.2 R mandible III: T3b, N0, M0 24.7

19 MC 10.7 4.5 Sublingual II: T2a, N0, M0 1.3

20 FS 11.5 4.1 R maxilla III: T3b, N0, M0 31.7

BW, Body weight; GTV, Gross tumour volume; MC, Male castrated; MI, Male intact; FS, Female spayed; L, Left; R, Right.
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Table 4

Summary of prescribed protocol, doses to planning target volume, survival time, progression-free interval, 

reason of death and treatment response

SRT
prescription

Dose to PTV (Gy)
Reason
of death

Treatment
responsePatient# Maximum Mean 95% ST (days) PFI (days)

1 10 Gy×3 33.1 29.8 28.8 132 131 PD SD

2 20 Gy×× 1 27.8 18.6 15 156 156 PD –

3 10 Gy×3 + 20 Gy× 1 35.9 30.7 26.2 359 104 PD SD

4 20 Gy×1 27.7 18.9 15.8 21 21 Heart failure –

5 20 Gy×1 27.4 20.2 16.8 69 69 PD –

6 20 Gy×1 31.6 22.4 17.4 21 21 Acute Renal
 Failure

–

7 20 Gy×1 32.8 22.7 18.2 84 84 PD SD

8 20 Gy×1 27.3 20.7 19.5 206 206 PD CR

9 20 Gy×1 30.7 22.3 19 77 75 PD CR

10 20 Gy×1 27.3 20.5 13 23 23 PD –

11 20 Gy×1 30 21.8 15.3 106 87 PD SD

12 20 Gy×1 30.8 22.4 19.7 44 44 PD SD

13 20 Gy×1 31.2 22.6 19.2 104 54 PD SD

14 20 Gy×1 28 19.2 15.8 84 59 PD –

15 20 Gy×1 31 21.5 18.2 190 164 PD SD

16 20 Gy×1 34.4 22.7 19.2 14 14 PD –

17 20 Gy×1 29.2 21.8 19.4 140 140 PD PR

18 20 Gy×1 28.7 21.8 17.7 70 57 PD PR

19 20 Gy ×1+ cytoreductive
 surgery

26.7 21.4 19.8 355 108 PD PR

20 20 Gy×1 3.03 23.1 18.3 145 128 PD SD

CR, complete response; PD, progressive disease; PFI, progression-free interval; PR, partial response; PTV, planned target volume; SD, stable 
disease; SRT, stereotactic radiation therapy; ST, survival.
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Table 5

Results of survival analysis

MVD (ManualAve) n (median), range Sex n (median), range

Low 10 (156), 70–359 Female 7 (145), 132–359

High 10 (77), 14–145 Male 13 (84), 14–156

Log Rank P-value 0.011 Log Rank P-value 0.029

Cox P-value 0.041 Cox P-value 0.025

RR (95% Cl) 1.06 (1.002, 1.1) RR (95% Cl) 0.26 (0.08, 0.84)

For each group, number of patient, median and range of survival time, P-value of Log Rank test, P-value of multivariate Cox proportional hazard 
analysis, relative risk, and lower/upper 95% confidence interval are shown. CI: Confidence interval, MannualAve: average of manually counted 
microvessels, MVD: microvascular density, RR: risk ratio.
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Table 6

Results of progression-free interval analysis

Degree of keratinization n (median), range Sex n (median), range

Low 14 (69), 14–131 Female 7 (131), 104–206

High 6 (156), 75–206 Male 13 (69), 14–156

Log Rank P-value 0.003 Log Rank P-value 0.005

Cox P-value 0.049 Cox P-value 0.016

RR (95% CI) 0.087 (0.0076, 0.99) RR (95% CI) 0.17 (0.042, 0.72)

For each group, number of patient, median and range of progression-free interval, P-value of Log Rank test, P-value of multivariate Cox 
proportional hazard analysis, relative risk and lower/upper 95% confidence interval are shown. CI, confidence interval; RR, risk ratio.
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Table 7

Treatment-related toxicities and complications

Acute effects Late effects

Patient# Skin
Mucous

membrane Eyes Skin/hair Eyes
Treatment-related

complications

1 0 0 0 1 0 Fractured mandible

2 0 0 0 0 0 Fractured mandible

3 0 0 0 1 0

4 0 0 0 – – Fractured mandible

5 1 0 0 – – Fractured mandible

6 0 0 0 – – Fractured mandible

7 0 0 0 – –

8 0 0 0 0 0

9 0 0 0 – –

10 1 0 0 – –

11 0 0 0 0 0

12 0 0 0 – – Fibrosis

13 0 0 1 1 2

14 0 1 0 0 0

15 1 0 0 1 0 Fractured mandible

16 1 0 1 – –

17 1 0 0 0 0 Fibrosis

18 1 1 0 0 0

19 0 0 0 0 0 Fibrosis

20 1 0 0 1 0 Oro-nasal fistula
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