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ABSTRACT

Several different types of conditions with inflammatory and neoplastic background
affect the anatomical localities of the head and neck in a dog. It is a well-recognized
fact that these conditions affect the quality of life, as they are associated with various
degree of regional dysfunction, have systemic effects and can be direct or indirect
cause of death. Unfortunately, many dogs with both inflammatory and neoplastic
head and neck conditions are presented at an advanced stage of the disease which can
have significant impact on treatment strategies. The identification of biomarkers is
advisable to enhance effective staging, grading and prognostication, which will in

turn more accurately direct recommendations for therapy.

These biomarkers can theoretically help to distinguish between inflammatory and
neoplastic conditions, justify the management of patients more accurately and

potentially predict the prognosis and the survival of patients.

It was our interest to investigate the diagnostic and prognostic value of complete
blood count parameters and indices in dogs with head and neck conditions of
inflammatory and neoplastic origin, regulatory T cells in dogs with periodontal
disease, immunohistochemical (Ki-67 and VEGFR-2) and histopathological
biomarkers in dogs with inflammatory and neoplastic head and neck conditions and
to evaluate the effectiveness of an accelerated radiotherapy protocol for the treatment

of advanced canine HNSCC.

We have proved that the parameters investigated might serve as important supportive
diagnostic and/or prognostic biomarkers which might help to improve the treatment
strategies of both inflammatory and neoplastic head and neck conditions in dogs and
that the accelerated chemoradiotherapy protocol represents an effective alternative

treatment option for dogs with advanced HNSCC.

Key words: biomarkers, dogs, periodontal disease, regulatory T cells, head and neck
tumours, complete blood count, radiotherapy, vascular endothelial growth factor

receptor 2






IZVLECEK

DIAGNOSTICNI IN PROGNOSTICNI MARKERJI PRI PSIH Z VNETNIMI IN
NEOPLASTICNIMI SPREMEMBAMI V PODROCJU GLAVE IN VRATU

Pri psih se v podro¢ju glave in vratu pojavljajo Stevilne vnetne in tumorske bolezni.
Znano je, da le-te vplivajo na kakovost Zivljenja, saj so povezane z razli¢nimi
stopnjami tako podro¢nih kot sistemskih sprememb in so lahko neposredni ali
posredni vzrok smrti. Na zalost so mnogi psi tako z vnetnimi kot neoplasti¢nimi
procesi v podrocju glave in vratu zdravljeni v napredovalih stadijih bolezni, in prav

to dejstvo lahko pomembno vpliva tako na izbiro strategije kot izida zdravljenja.

Doloc¢anje biomarkerjev je priporocljivo, saj z njihovo pomocjo lahko ucinkoviteje
dolo¢amo stopnjo bolezni, vrednotimo potek bolezni in napovedujemo prognozo.

Biomarkerji lahko pomagajo razlocevati med vnetnimi in tumorskimi boleznimi.

Doktorska disertacija je razdeljena v Stiri sklope in vkljucuje proucevanje
diagnosti¢ne in prognosti¢ne vrednosti parametrov in indeksov krvne slike pri psih z
vnetnimi in tumorskimi obolenji glave in vratu, regulatornih T celic pri psih z
razlicnimi stopnjami parodontalne bolezni ter imunohistokemijskih (Ki-67 in
VEGFR-2) in patohistoloskih markerjev pri psih z vnetnimi in tumorskimi obolenji
glave in vratu. Prav tako smo spremljali ucinkovitost pospeSenega
kemoradioterapevtskega  protokola za  zdravljenje = napredovalih  oblik

ploscatoceli¢nega karcinoma (PCK) glave in vratu pri psih.

Dokazali smo, da imajo proucevani biomarkerji pomembno diagnosti¢no in
prognosti¢no vrednost ter lahko znatno prispevajo k izboljSanju metod zdravljenja,
tako vnetnih kot neoplasti¢nih procesov v podrocju glave in vratu pri psih, kakor tudi
ucinkovitost pospeSenega kemoradioterapevtskega protokola za zdravljenje

napredovalih oblik PCK v podro¢ju glave in vratu pri psih.

Klju¢ne besede: biomarkerji, psi, parodontalna bolezen, regulatorne T celice,
tumorji glave in vratu, krvna slika, radioterapija, receptor 2 za vaskularni endotelni

rastni faktor






1 RATIONALE OF THE STUDY

The rationale of the doctoral thesis was to investigate clinical, haematological,
cytometric, histopathological and immunohistochemical markers in dogs with
inflammatory and neoplastic head and neck conditions as well as to present the
treatment outcome of dogs with advanced canine HNSCC treated with an accelerated

chemoradiotherapy protocol.

The CBC with differential is the commonest laboratory test performed in both human
and veterinary medicine in the diagnosis of infectious, inflammatory, neoplastic and
immune-mediated diseases. The CBC and its calculated indices (neutrophil to
lymphocyte ratio (N/L), platelet to lymphocyte ratio (P/L), mean platelet volume to
platelet ratio (MPV/PLT) and adjusted platelet large cell ratio index (PLCRi)) are
considered reliable, relatively inexpensive, reproducible and standardized but often
underestimated and not utilized. In the first part of the thesis, we focused on the
identification of the differences between CBC parameters and CBC indices between
canine inflammatory and neoplastic head and neck conditions and assessment of
CBC indices as potential distinguishing biomarkers between head and neck
conditions of inflammatory and neoplastic origin. Its potential prognostic value in

dogs with head and neck neoplasia was also assessed.

The second aim of the thesis was to measure the systemic and locoregional lymph
node levels of Tregs along with other lymphocyte subpopulations (CD4", CD8" and
CD5" T cell subsets and CD21" B cells) in dogs affected with periodontal disease
(PD), more specifically, stage 1 PD (gingivitis) and stage 3,4 PD (moderate to
advanced periodontitis) detected by flow cytometry (FC). T cells play a central role
in cellular immunity in a wide range of pathologic conditions, including
inflammatory, neoplastic, infectious and (auto)-immune diseases with alterations in

their frequency and function detected both locally and systemically. The data



regarding systemic levels of Tregs in human patients with PD is limited and no data
are published regarding the systemic role of these cells in dogs with PD. Our aim
was to investigate if the differences of Tregs in the peripheral blood and regional
lymph nodes along with other lymphocyte subpopulations (CD4", CD8" and CD5" T
cell subsets and CD21" B cells) between dogs with stage 1 PD (gingivitis) and dogs
with stage 3,4 PD (moderate to advanced periodontitis) exist indicating their
involvement in the pathogenesis of PD. Targeting Tregs, with, for instance, specific
cytokine profile, might help to prevent the development of PD or improve the

treatment strategies and/or treatment outcome of PD in both humans and in dogs.

In the third part of the thesis the clinical (results of clinical examination, blood
works, computed tomography), histopathological (grading, presence of necrosis,
mitotic index) and immunohistochemical parameters, Ki-67 and vascular endothelial
growth factor receptor 2 (VEGFR-2) were determined, evaluated and compared
between canine inflammatory and neoplastic benign and malignant head and neck
conditions. A correlation of parameters investigated was compared with the overall
survival of canine patients with neoplastic head and neck conditions. Better
understanding of the biology will help to elucidate new aspects of canine head and
neck neoplasia biological and clinical behaviour, which is essential as it might help

to guide the therapy and develop new, more effective treatment strategies.

Patients with advanced HN tumours, in both human and veterinary medicine,
represent a therapeutic challenge as their prognosis, mainly due to ineffectiveness to
traditional therapies, is generally considered to be poor. Local recurrence of
advanced canine HNSCC is common despite aggressive treatment. Our fourth aim
was to investigate the efficacy of accelerated chemoradiotherapy protocol for these
types of HN neoplasia, planned, executed with linear accelerator and followed-up

with computed tomography.



It is a well-known fact that canine diseases, like periodontal disease and spontaneous
tumours, present a good model to study development, progression and assessment of
therapeutic modalities for human diseases and this translational aspect is the final
goal of the presenting study. We expect our findings will contribute to a better
understanding of the possible underlying mechanisms of both, periodontal diseases

and neoplastic HN conditions in dogs.



2 OBJECTIVES OF THE DOCTORAL DISSERTATION

1. Investigate and compare the CBC parameters and CBC calculated indices (N/L,
P/L, MPV/PLT in PLCRi) between healthy dogs, dogs with stage 3,4 PD (moderate
to advanced periodontitis) and canine patients with neoplastic HN conditions and to
correlate the CBC indices of canine patients with neoplastic HN conditions with the

overall survival.

2. Investigate and compare the percentages of Tregs (CD4CD25" and
CD4'CD25"FOXP3") and other lymphocyte subpopulations (CD4", CD8" and CD5"
T cell subsets and CD21" B cells) in the peripheral blood and Tregs (CD4 CD25"
and CD4'CD25'FOXP3") in regional lymph nodes in dogs with stage 1 PD
(gingivitis) and in dogs with stage 3,4 PD (moderate to advanced periodontitis) using

flow cytometric analysis.

3. Investigate and compare the clinical results (clinical examination, blood works,
computed tomography), histopathological (grading, presence of necrosis, mitotic
index) and immunohistochemical biomarkers, Ki-67 and VEGFR-2, in dogs with
inflammatory and neoplastic benign and malignant HN conditions and correlate the

measured biomarkers with the overall survival.

4. Assess the treatment efficacy of an accelerated chemoradiotherapy protocol for

advanced canine HNSCC.



3 HYPOTHESES

1. We hypothesize that there are significant differences in CBC parameters and CBC
indices (N/L, P/L, MPV/PLT in PLCRi) between healthy dogs, dogs with stage 3,4
PD (moderate to advanced periodontitis) and canine patients with neoplastic HN
conditions. CBC indices can serve as potential distinguishing biomarkers between

canine HN conditions of inflammatory and neoplastic origin.

2. We hypothesize that there are significant differences in the percentages of Tregs
(CD4'CD25" and CD4'CD25'FOXP3") and other lymphocyte subpopulations
(CD4", CD8" and CD5" T cell subsets and CD21" B cells) between dogs with stage 1
PD (gingivitis) and dogs with stage 3,4 PD (moderate to advanced periodontitis) with
respect to systemic circulation, revealing their potential involvement in the

pathogenesis of PD.

3. We hypothesize that the expression of Ki-67 and VEGFR-2 is higher in advanced
neoplastic HN conditions. Increased expression of Ki-67 and VEGFR-2 correlates

with worse treatment outcome and overall survival.

4. We hypothesize that an accelerated chemoradiotherapy protocol is an effective

treatment modality for advanced canine HNSCC.



4 INTRODUCTION

41 Complete blood count parameters and indices in canine

inflammatory and neoplastic head and neck conditions

4.1.1 Role of inflammation in progression of tumours

Several studies demonstrated the important role of inflammation in progression of
different types of tumours (Balkwill & Mantovani, 2001; Galon et al., 2007;
Mantovani et al., 2008). The tumour microenvironment is a complex composition of
tumour cells surrounded by stroma (containing mesenchymal and epithelial cells,
fibroblasts, pericytes), innate (neutrophils, macrophages, dendritic cells or mast cells)
and adaptive immune cells (lymphocytes T and B) (Coussens & Werb, 2002;
Grivennikov, 2010). The neoplastic inflammatory component, therefore, includes a
diverse population of cells that each, with their individual function, participate in
neoplastic processes by promoting tumour cell proliferation, survival and migration
(Balkwill & Mantovani, 2001; Coussens & Werb, 2002). The cells exhibit their
activity by direct cell-to-cell contacts or by the production of pro-inflammatory and
anti-inflammatory cytokines/chemokines, which attract leukocytes (Coussens &
Werb, 2002). Pro-inflammatory cytokines provoke inflammation and angiogenesis,
which are in turn stimulating the growth of tumours. On the opposite, low level of
cytokines/chemokines is usually associated with constrained growth of tumours
(Coussens & Werb, 2002; Fridlender & Albeida, 2012). Increased infiltration of
neutrophils, for instance, in response to an altered balance of pro-inflammatory and
anti-inflammatory cytokines, is associated with cytotoxicity, angiogenesis and
tumour progression (Coussens & Werb, 2002). The interaction between tumour cells
and platelets in neoplastic conditions exists as well as platelets have been

demonstrated to be able to stimulate haematogenous spread of tumour cells, tumour



cell adhesion, invasion and angiogenesis (Coussens & Werb, 2002; Dubernard et al.,

1997; Kaplan et al., 1979; Quian & Thuszyanski, 1996).

4.1.2 Complete blood count parameters and indices in inflammatory and

neoplastic processes

CBC indices like neutrophil or platelet to lymphocyte ratios (Bhatti et al., 2010;
Kwon et al., 2012) have been, with other CBC parameters and traditional prognostic
factors (e.g. tumour size, histologic grade, local and distant metastatic disease,
vascular and perineural invasion) (Goodman et al., 2009; Wein & Weber, 2005),
used as outcome predictors of patients with different types of tumours, including

those of head and neck region (Haddad et al., 2015).

Not only single CBC parameters like WBC, LYM, NEU or PLT counts but also N/L
and P/L ratios (Bhatti et al., 2010; Kwon et al., 2012), MPV/PLT ratio (Cho et al.,
2013) and adjusted PLCR for large platelets (PLCRi) have been investigated as
potential diagnostic/prognostic biomarkers in human patients with both neoplastic
(Bhatti et al., 2010; Kwon et al., 2012) and inflammatory conditions (Balta et al.,
2013). The systemic inflammatory response, assessed by these biomarkers, has been
proven to have a significant predictive survival value in human oncology patients
with certain cancers, an example are ovarian cancer, non-small cell lung cancer,
colorectal cancer or pancreatic ductal adenocarcinoma (Asher et al., 201; Cedres et

al., 2012; Kwon et al., 2012; Smith et al., 2009).

White blood cell (WBC) count represents the total number of leukocytes (George-
Gay & Parker, 2003). Leukopenia is a result of, for instance, viral infections, toxic
reactions or antitumor treatments or effects of drugs suppressing the production of

cells in bone marrow (Catalano, 2002). On the contrary, elevated number of



leukocytes is a frequent finding in patients with inflammatory, infectious and
immune-mediated diseases (Catalano, 2002; George-Gay & Parker, 2003). In the
context of neoplastic conditions, inflammation promotes tumour cell proliferation,
angiogenesis and metastasis (Balkwill & Mantovani, 2001; Grivennikov et al., 2010).
Negative prognostic value of leukocytosis in patients with cardiovascular diseases
(Cannon et al., 2001; Salehi et al., 2013), leukaemia (McKee, 1985; Sakka et al.,
2006) and solid tumours, like lung carcinoma or malignant melanoma, has been

confirmed (Kasuga et al., 2001; Schniewind et al., 2005).

Neutrophils are first circulating phagocytic cells and are crucial elements of innate
immune responses responsible for eliminating invading pathogens (De Larco et al.,
2004). The production and modes of action of neutrophils are strictly balanced
(Summers et al., 2010). In cases of inflammatory conditions, inflammatory mediators
stimulate their migration to the blood where they phagocytose harmful pathogens
(Summers et al., 2010). The half-life time of neutrophils is only approximately 6-8
hours when they are destructed by reticuloendothelial system (Goldman &
Prabhakar, 1996; Summers et al., 2010). Neutrophilia is most commonly found in
patients with acute bacterial infections while neutropenia occurs more often in cases
of severe and prolonged infections, which are causing bone marrow suppression
(Catalano, 2002). Neutrophils participate in the biology of tumours where they
exhibit not only pro- but also antitumor functions (Sagiv et al., 2015). Neutrophils in
peripheral blood or in the tumour microenvironment were shown to produce VEGF
(Kusumanto et al., 2003), an important pro-angiogenic factor able to stimulate and
induce angiogenesis, a process crucial for establishing a tumour microenvironment
and further promotion of development and progression of tumours (Sagiv et al.,
2015). Neutrophils activate immunosuppression through the inhibition of the activity
of natural killer cells and activated T cells by releasing the mediators (for instance
nitric oxide or reactive oxygen species) (De Larco et al., 2004). Neutrophilia
correlated with poorer therapeutic outcome in human oncology patients with certain
types of tumours (Donskov, 2013; Schmidt et al., 2005). On the other side,

neutrophils exhibit also anti-tumorigenic effects related to the release of



antimicrobial and cytotoxic granules that have the potential to eliminate malignant
cells (Brandau et al., 2012; Georgy & Houghton, 2011; Fredlender and Albeida,
2012). Suggestions of different populations of neutrophils with diverse roles in

inflammatory and neoplastic processes exist (Pillay et al., 2012; Sagiv et al., 2015).

The role of lymphocytes in fighting of the immune system against tumour cells is
well-established (Hernberg, 1999; Hernberg et al., 2007). Patients with advanced
neoplastic conditions very often exhibit lymphopenia (Ray-Coquard et al., 2009),
which has been accepted as a negative prognostic marker in humans with
hematologic and solid tumours (Feng et al., 2012; Ray-Coquard et al., 2009, Schmidt
et al., 2007).

The balance between pro- and antitumor immune activities is determined in the
neutrophil to lymphocyte ratio (N/L), which is considered as a biomarker of systemic
inflammatory and immune responses (Kim et al., 2014; Mutz et al., 2015). A high
N/L ratio is demonstrating an enhanced neutrophil response (dominant pro-tumor
activities) and/or relative lymphopenia (reduced antitumor response by lymphocytes)
(Kim et al., 2014). Despite still unknown and still not completely investigated
mechanisms of inflammation-promoting tumour progression and immune response
suppression, several studies confirmed that elevated N/L ratio is associated with
poorer treatment outcome and consequently worse prognosis in human oncology
patients with different types of tumours (Gwak et al., 2007; Kee et al., 2012; Kim et
al.,, 2014; Motomura et al., 2013; Porrata et al., 2010; Sharaiha et al., 2012;
Teramukai et al., 2009; Walsh et al., 2005).

Platelets are not playing an important role only in haemostasis but attribute also to
the inflammatory and wound healing processes (Anitua et al., 2004; George-Gay &
Parker, 2003). Platelet parameters (PLT, MPV, P/L and MPV/PLT ratios, PLCRi)

are used to assess the platelet activation potential. Circulating platelets differ in



morphology, size, density and reactivity (Brown et al., 1997; Martin et al., 1983).
Metabolic and enzymatic activity of large platelets is higher in comparison with
small platelets, which more easily react by releasing chemical mediators when
stimulated (Bath & Butterworth, 1996; Mangalpally et al., 2010; Thompson et al.,
1984). Increase in platelet count (thrombocytosis) is seen most commonly as a
physiologic response to physiological stress, trauma or infection and in
myeloproliferative  disorders while causes for decreased platelet count
(thrombocytopenia) include depressed consumption or destruction of platelets in
bone marrow due to different stimuli (Bath & Butterworth, 1996; George-Gay &
Parker, 2003). It is a well-known fact that a complex interplay between tumour cells
and circulating platelets is having an effect on the growth of tumour cells,
angiogenesis and spread of tumour cells to distant organs (Bambace & Holmes,
2011; Dvorak et al., 1995; Goubran et al., 2014; Sharma et al., 2014). Different types
of tumours affecting kidneys, lungs, colon, ovaries, uterus and breasts correlate with
increased number of peripheral blood platelets, very often termed as thrombocytosis
which is considered as a part of a paraneoplastic syndrome, also shown to negatively
impact the prognosis (Costantini et al., 1990; Engan and Hannisdal, 1990; Hernandez
et al., 1992; Herndon et al., 1998; Kilincalp et al., 2014; Levin and Conley, 1964;
Monreal et al., 1998; Symbas et al., 2000). Furthermore, it was shown that elevated
P/L ratio, MPV and MPV/PLT ratio in human oncology patients with pulmonary,
breast, colorectal, ovarian and pancreatic cancers, were associated with poor
response to therapy and prognosis (Asher et al., 2011; Azab et al., 2012; Bhatti et al.,
2010; Kwon et al., 2012; Raungkaewmanee et al., 2012; Seretis et al., 2012; Smith et
al., 2008; Smith et al., 2009).

Red blood cell count, haematocrit and haemoglobin correlate as a decrease or
increase of one of the red blood cell parameters is followed by similar reductions or
increases of the others (George-Gay & Parker, 2003). Myeloproliferative diseases of
the bone marrow can be the cause of primary polycythaemia while secondary
polycythaemia usually describes an increase in red blood cell count that develops as

a physiologic compensatory mechanism in conditions associated with reduced
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delivery of oxygen such as cardiopulmonary diseases and chronic obstructive
pulmonary disease (George-Gay & Parker, 2003). Decreases of red blood cells,
haematocrit and haemoglobin are associated with haemodilution and anaemia
(George-Gay & Parker, 2003). Other red blood cell parameters consisting of MCV,
MCH and MCHC assist in classifying anaemia when decreased. Anaemia, a part of
paraneoplastic syndrome, is a frequent finding in human and companion animal
cancer patients, exerting a negative effect on their quality of life (Gilreath et al,
2014). Anaemia has also been identified as a negative prognostic factor in cancer
patients (Hurter & Bush, 2007). Tumour cells and their biologically active products
as well as suppressive drugs in oncology treatments such as chemotherapy for
instance, can cause anaemia (Gilreath et al, 2014). Suppression of haematopoiesis is
a result of a negative effect of cytokines or drugs on bone marrow that is not able to
produce red blood cells (Dicato et al., 2010; Gilreath et al, 2014; Hurter & Bush,
2007).
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4.2 Systemic levels of Tregs and lymphocyte T and B cell sets and
subsets in dogs with stage 1 PD (gingivitis) and dogs with stage 3,4 PD

(moderate to advanced periodontitis)

4.2.1 Periodontal disease

Periodontal diseases are most commonly diagnosed chronic, destructive,
inflammatory/infectious diseases of the tooth supporting structures (periodontium) in
both human (Ko6nig et al., 2010) and veterinary medicine (Harvey, 1998). PD affects
approximately 80% of dogs over 5 years of age (Harvey & Emily, 1992; Harvey,
1998). Interactions between oral bacteria (Gram-negative aerobic and anaerobic
bacteria), host’s immune system and periodontium result in two main forms of PD,
gingivitis and periodontitis (Pihlstrom et al., 2005). In gingivitis, only inflammation
of the gingiva, visible as redness of the gums without periodontal attachment
structures or alveolar bone loss, is present (AVDC, 2012). Periodontopathogenic
bacteria, which stimulate cellular and humoral immune responses by the production
of cytokines/chemokines and other inflammatory mediators, are responsible for
development of periodontitis, an irreversible stage of the periodontal disease,
associated with direct loss of gingival connective tissue, periodontal ligament,
cementum and alveolar bone (Gabay, 2006; Kinane & Lappin, 2001; Offenbacher et
al., 2008; Seymour et al., 1993). According to AVDC (American Veterinary Dental
College) organisation nomenclature (AVDC, 2012) the severity of PD in dogs is
classified into four stages. Healthy periodontium (PDO0) is defined as a condition with
no gingival inflammation and clinical evidence of periodontitis (AVDC, 2012). In
stage 1 PD (gingivitis), only inflammation of the gingiva is present. Periodontal
attachment structures are intact (AVDC, 2012). Stage 2 PD (early periodontitis) is
associated with mild loss of periodontal attachment structure (<25%), stage 1
furcation and only mild radiographic signs of periodontitis (AVDC, 2012). Advanced
stages of PD, stage 3 PD (moderate periodontitis) and stage 4 PD (advanced

periodontitis) are associated with 25-50%, and >50% of periodontal attachment loss,
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25-50%, and >50% of alveolar and horizontal bone loss as confirmed by dental

radiography and stage 2 and 3 furcation, respectively (AVDC, 2012).

4.2.2 Systemic effects of periodontal disease

PD is not causing the inflammatory response only locally but also systemically when
bacterial toxins, produced in periodontal lesions, translocate to systemic circulation
(Geerts et al., 2002; Loos, 2005; Moutsopoulos & Madianos, 2006; Teng et al.,
2002). The elevation of serum systemic inflammatory biomarkers has been shown in
human patients with PD (Cray et al., 2012; D’Aiuto et al., 2004; Ebersole et al.,
1997; Noack et al., 2001; Passoja et al., 2010). The association between human
periodontitis and systemic diseases, such as cardiovascular diseases,
endocrine/metabolic diseases (e.g. diabetes mellitus) or even body weight, has been
confirmed by several studies (Beikler & Flemming, 2011; Buhlin et al., 2011;
Colombo et al., 2012; D'Aiuto et al., 2006; Monteiro et al., 2009; Saxlin et al., 2011;
Taylor and Borgnakke, 2008; Ylostalo et al., 2008). In a study of Rawlinson et al.
(2011) higher stages of PD in dogs were associated with increases in inflammatory
markers and significant decrease of the majority of markers investigated was
detected after periodontal treatment. Furthermore, several studies in veterinary
medicine showed that PD was associated with several systemic diseases affecting
cardiovascular and respiratory system, kidneys and liver (DeBowes et al., 1996;
DeBowes, 1998; Glickman et al., 2009; Hoffmann & Gaengler, 1996; Pavlica et al.,
2008). Although the association between PD and its systemic effects, exhibited on
the heart or kidneys, for instance, has been demonstrated by several studies in both,
human and veterinary medicine, the explanation regarding the exact relationship
between the initiating factors involved in PD development and PD systemic effects

still remain under investigation (Pejci¢ et al., 2011).
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4.2.3 Immune responses

Innate (natural) immunity is a relatively non-specific mechanism of the immune
system, which provides the first line defence against invading pathogens (Clark &
Cooper, 2005.) The components of innate immunity include cellular barriers
(physical and chemical) and cells such as macrophages, eosinophils, neutrophils,
monocytes, mast cells and dendritic cells, which ingest antigens (Goldman &
Prabhakar, 1996). Immune responses to bacteria include lysis of bacteria through the
complement-mediated pathways and phagocytosis (Clark & Cooper, 2005; Goldman
& Prabhakar, 1996; Janeway, 1989; Janeway, 1992; Janeway & Medzhitov, 2002).

The adaptive (acquired) or specific immunity is characterised by specificity, memory
and the ability to distinguish self from non-self by its components; lymphocytes B
and T, antigen-presenting cells (APC), dendritic cells, the complement system and
cytokines (Clark & Cooper, 2005; Goldman & Prabhakar, 1996; Ouaguia et al.,
2014). Adaptive immunity develops when microbial antigens react with appropriate
receptors on macrophages and dendritic cells. Specific immune responses necessitate
the activities of both cytotoxic and helper T cells as well as B cells. Cell-mediated
and humoral immune responses of the adaptive immunity are mediated by cytokines,
released by helper T cells, which mediate the activity of other cells (for instance NK
cells and phagocytes) (Clark & Cooper, 2005; Cooper & Alder, 2006; Goldman &
Prabhakar, 1996: Tizard, 2012).

4.2.3.1 Lymphocytes B

Lymphocytes B form in the bone marrow and are primarily responsible for
establishment of humoral or antibody-mediated immune responses. Lymphocytes B

with their cell surface antibody molecules bind to specific antigens, stimulating the
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activation of a signaling cascade, which leads to the transcription of gens and
production of antibodies against antigens. The antibodies against antigens react with
an antigen that caused the initial activation of B cells. Primary B cell immune
response to antigens develops when B cells first encounter an antigen and the antigen
attaches to receptor. Secondary immune response develops after the primary immune
response when B cells encounter the antigen again. After memory B cells recognise
the antigen they multiplicate and become plasma cells which further produce

antibodies (Goldman & Prabhakar, 1996; Liu et al., 1995; Pascual et al., 1994).

4.2.3.2 Lymphocytes T

While the origin of T cells are stem cells in bone marrow, the multiplication and
differentiation of lymphocytes T occurs in thymus. Lymphocytes T represent 70-80%
of lymphocytes in blood and lymphatic tissues and are responsible for establishment
and regulation of the immune responses to antigens. Mature thymic lymphocytes T
express CD3 and TCR molecules and are distinguished by two different
glycoproteins CD4" and CDS8" that bind to different epitopes that are a part of MHC
classes I, and II molecules, participating in the development of T cells (Goldman &
Prabhakar, 1996). Mature lymphocytes T differ according to different heterodimers
of TCR (T cell receptor) that bind and recognise protein antigen determinants by
MHC molecules. CD8" T cells bind to MHC class I while CD4" T cell bind to MHC
class II (Goldman & Prabhakar, 1996).

Helper T cells (CD4") participate in the modulation of immune responses by binding
of antigens to APC and B cells stimulating cell-mediated and antibody-mediated
immunity, respectively. They become activated when CD4" T cells bind to antigen
presented by APC or B cells on class II MHC. Once activated, these cells proliferate
and differentiate to different effector T cell subsets like Thl, Th2 and Th17 cells

which all have an important role in immunity as they are able to produce specific
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cytokines, which facilitate different types of immune responses. Well known
cytokines released by, for instance, Thl cells are INF-y (essential for activation of
macrophages, NK-cells and CD8" T cells), interleukins (IL-2, IL-1B, IL-12) and
TNF-a (Goldman & Prabhakar, 1996; Mosmann & Coffman, 1989; Mosmann &
Sad, 1996).

Cytotoxic T cells, (CD8" T cells), which express the glycoprotein CDS$ at their
surface are produced in thymus. CD8" T cells recognise infected cells presented by
MHC class I molecules on their surfaces. CD8" T cells modulate the immune
responses when an infection is caused by viruses or bacteria or in tumours.
Inactivation of infected or tumorous cells occurs through production and release of
cytotoxic granules or production of cytokines. CD8 T cells can be inactivated
through IL-10 or molecules secreted by regulatory T cells (Tregs) to an anergic state,
which prevents development of autoimmune diseases (Goldman & Prabhakar, 1996;

Wong & Pamer, 2003).

4.2.3.3 Central and peripheral tolerance

Immune tolerance is defined as unresponsiveness of the immune system to
substances or tissues provoking negative immune responses (Goldman & Prabhaker,
1996; Murphy, 2012). Deficiencies in immune tolerance lead to the development of
autoimmune reactions that can be prevented by two mechanisms, central and

peripheral tolerance (Goldman & Prabhaker, 1996; MacKay, 2001).

Central tolerance eliminates and inactivates self-reactive lymphocytes T in thymus
and lymphocytes B in bone marrow (Goldman & Prabhaker, 1996; Murphy, 2012)

by clonal deletion or clonal anergy before they enter into periphery where they
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mature and become immunocompetent cells (Goldman & Prabhaker, 1996; Hogquist

et al., 2005; MacKay, 2001; Murphy, 2012).

Peripheral or extrathymic tolerance develops after maturation and entrance of T and
B cells into peripheral tissues and lymph nodes (Murphy, 2012). If chemical signals,
necessary for activation of T and B cells are missing, circulating lymphocytes are not
able to respond. Peripheral tolerance prevents the activation of self-reactive
lymphocytes by the activity of specific T suppressor cells, ignorance and anergy
(Goldman & Prabhaker, 1996; MacKay, 2001). Peripheral tolerance is maintained
also by Tregs, which inhibit helper and cytotoxic T cell activation by self-antigens

(Goldman & Prabhaker, 1996; Murphy, 2012).

4.2.4 Regulatory T cells (suppressor T cells; Tregs)

Regulatory T cells (Tregs), firstly described by Gershon and Kondo in 1970, belong
to a group of T cells with their main role in maintaining peripheral tolerance
(Gershon & Kondo, 1970; Sakaguchi et al., 2009; Wing & Sakaguchi, 2010). Tregs
suppress the autoreactive T cells, reduce inflammation, induce tolerance and
modulate the immune response of the host (Maloy & Powrie, 2001). By suppression
or downregulation of induction and proliferation of immune cells including CD4"
and CDS8" T cells, APC and lymphocytes B, Tregs maintain tolerance to self-antigens
and protect the host from development of autoimmune diseases (Sakaguchi et al.,
1995; Sakaguchi et al., 2006; Song et al., 2010). Abnormalities in the frequency and
function of Tregs in controlling the immune pathologies have been demonstrated in
inflammatory, infectious, (auto)-immune, allergic, and neoplastic diseases in both
humans and animals (Belkaid & Rouse, 2005; Beyer and Schutze, 2006; Biller et al.,
2010; Cavassani et al., 2006; Chavele and Einherstein, 2011; Cools et al., 2007;
Costantino et al., 2008; Horiuchi et al., 2009; Horiuchi et al., 2010; Majlessi et al.,
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2008; Mills, 2004; Nouri-Aria & Durham, 2008; Piccirillo, 2008; Robertson &
Hasenkrug, 2006; Vial et al., 2009).

The activity of Tregs occurs through multiple steps including encountering and
recognition of antigens on an APC and through their TCR binding of the complex to
the MHC complex (Ougauia et al., 2014). The largest and the most commonly
investigated group of Tregs are CD4" T regulatory T cells, divided into natural and
induced Tregs (Ouaguia et al., 2014). Positive and negative selection in thymus leads
to the development of natural Tregs while inducible Tregs develop at the periphery
from conventional CD4" T cells (Hori et al., 2003; Sakaguchi et al., 2009; Seibel et
al., 2010; Workman et al., 2009).

Natural Tregs represent only 5-10% of peripheral CD4" T cells (Workman et al.,
2009). The first identification of T cells with regulatory activity correlated with the
expression of CD25, a chain IL-2 receptor (Sakaguchi et al., 1995). The necessity of
Tregs in controlling the physiological immune responses in vivo was demonstrated
by Asano et al. (1996), who showed that thymectomy of mice on day 3 of life
eliminates CD4'CD25" T cell subset and leads to the development of severe lethal
autoimmune diseases which diminish with CD4'CD25" T cells replacement (Asano
et al., 1996). As it has been shown that also other... “conventional T cells express
CD25 when activated by T cell receptor (TCR) ligation™... (Workman et al., 2009),
new markers for the identification of Tregs were suggested. FOXP3, CD25
(Workman et al., 2009) and cytoplasmatic markers like CTLA4 (co-inhibitory
receptor cytotoxic T lymphocyte antigen 4) are the most common biomarkers of
Tregs (Ouaguia et al., 2014). Other markers, for instance, GITR, PD-1, LAG3, HLA-
DR, CD45RA/CD45RO, CD62L, CD44, CD28, CCR7, CXCR4, OX40 (CD234),
folate receptor and CD39 have also been used to identify Tregs as well (Baecher-
Allan et al., 2006; Beissert et al., 2006; Bolacchi et al., 2006; Deaglio et al., 2007;
Shimizu et al., 2002).
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“Induced or adaptive Tregs are divided into three categories including T regulatory
type 1 cells (Trl), T-helper 3 cells (Th3) and IL-35 producing CD4" T cells (iTR35)”
(Bluestone and Abbas, 2003; Ouaguia et al., 2014). “Type 1 regulatory T cells (Tr1)
are anergic in vitro and they suppress the activation of effector immune cells through
production of IL-10” (Ouaguia et al., 2014). Th3 produce small amounts of TGF-8,
IL-4 and IL-10 and have been shown to produce also natural Tregs markers like
CD25, FOXP3 and CTLA4. Th3 maintain the immunity of mucosal surfaces and also
promote oral tolerance by negating autoimmune reactions by secreting TGF-B and
IL-10 (Beissert et al., 2006; Ougauia et al., 2014; Pot et al., 2011; Roncarolo et al.,
2006).

Other T cell populations including CD8" and CD3'CD4 CDS8" Tregs, natural killer
Tregs generated in the thymus (CD4", CD8", CD4CD8 or CD4'CDS8") and gamma
delta Tregs have been demonstrated to exhibit regulatory roles, but their role has not

been completely established yet (Beissert et al., 2006; Strober et al., 1996).

4.2.4.1 FOXP3 in Tregs

The development and pathophysiological role of Tregs depend on the availability of
forkhead family transcription factor (FOXP3) (Feuerer et al., 2009; Pinheiro et al.,
2011). FOXP3 is expressed in both thymic-derived natural Tregs and in certain
peripherally induced Tregs with suppressive function. Reduction in Tregs expressing
CD4, CD25 and FOXP3 leads to development of autoimmune-mediated diseases
(Buckner et al., 2010). The necessity of FOXP3, for both development and function
of Tregs, was confirmed by several studies indicating that mutations in the gene
encoding FOXP3 are fatal for humans and mice (Bennet et al., 2001; Chatila et al.,
2000; Ziegler, 2006) resulting in the development autoimmune disease IPEX
(Immune Dysregulation Polyendocrinopathy Enteropathy X-linked syndrome) in

humans (Bennet et al., 2001; Chatila et al., 2000) and »scurfy«, a disease similar to
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IPEX in mice (Brunkow et al., 2001; Ramsdell and Ziegler, 2014; Walker et al.,
2003).

FOXP3 is responsible for the peripheral maintenance of natural Treg phenotype
stability. “The FOXP3 protein is a transcriptional repressor of nuclear factor of
activated T-cells (NFAT) and nuclear factor-kappa B (NFkB), which leads to the
suppression of IL-2 secretion” (Tenorio et al., 2009). The FOXP3 protein has 431
amino acids conferring a molecular weight of 49-55 kDa. Repressor, zinc finger
(ZF), leucine zipper (LZ) and forkhead (FKH) DNA represent four potential binding
domains. N-terminal region of FOXP3 (repressor domain represses NFAT-mediated
transcriptional activity (Bettelli et al., 2005; Lopes et al., 2006). Dimerization and
suppressive function of FOXP3 in T cells are impaired by the mutant LZ domain
while the FKH domain enables DNA binding and nuclear localization and is most
frequently targeted in immune dysregulation polyendocrinopathy enteropathy X-

linked syndrome (IPEX) patients (Ziegler, 2006).

4.2.4.2 Functional activity of Tregs

Natural CD4'CD25" Tregs have an important role in controlling physiological
immune responses by suppressing the autoreactive lymphocytes through contact-
dependent (tight cell-cell contacts) and contact independent pathways (production of
soluble immunosuppressive molecules) (Vignali et al., 2008; Workman et al., 2009).
Cell to cell contacts occur in the thymus (Grossi et al., 1991), ...“where Tregs are
selected by peptides presented by antigen presenting cells (APC)”.... (Workman et
al., 2009). The proliferation of lymphocytes reacting against self occurs through TCR
(T cell antigen receptor) and other co-stimulatory cytokines (IL-10, TGF-B) and
molecules (CTLA-4) through which antigen-induced Tregs regulate immune
homoeostasis (Flavell et al., 2010; Nakamura et al., 2001; Sakaguchi, 2006; Shevach,
2006; Sledzinska et al., 2013). The importance of other co-stimulatory molecules
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(CD28, CD80/86 CD40) for their development and function was demonstrated to be
crucial as well as mice deficient in these molecules had reduced numbers of Tregs

with impaired suppressive activity (Workman et al., 2009; Salomon et al., 2000).

The importance of IL-2 in the activity of Tregs was confirmed in studies on murine
models and humans where neutralisation of IL-2 reduced the number of thymic and
peripheral natural Tregs and caused multiorgan autoimmunity (Malek et al., 2014;
Sakaguchi et al., 2001; Thornton & Schevach, 1998; Workman et al., 2009). The
proliferation of natural Tregs allows specific recognition of self-antigens with
concurrent stimulation of co-stimulatory molecule CD28 that supports the survival of
natural Tregs by enhancing the production of IL-2 by conventional T cells (Lerman
et al.,, 2004; Tang et al., 2003). TGF-B is another key factor in suppressing the
immune responses driven by Tregs (Bluestone & Abbas, 2003; Tanq et al., 2004).
TGF-B signaling in peripheral natural Tregs maintains FOXP3 expression and
suppression of other cells like Thl, CD8" and NK cells (Workman et al., 2009).
TGF-B was demonstrated to be crucial also for the development and suppressive
activity of induced Tregs (Trl and Th3) (Workman et al., 2009). The development of
natural and induced Tregs differs despite similarities in their phenotype and
requirements for their suppressive activity (Workman et al., 2009). The development
of naturally arising Tregs occurs in the thymus while induced Tregs develop in the
periphery as a consequence of a weak stimulation of TCR and other exogenous

antigens (Workman et al., 2009).

4.2.4.3 Tregs in animals

Regulatory T cells in animals have been investigated in several species including
companion, domestic and wild animals under normal and pathological conditions
(Allers et al., 2010; Benham et al., 2009; Biller et al., 2007; Bolzer et al., 2009; Ellis
& Demartini, 1985; Garden et al., 2011; Gerner et al., 2010; Hamza et al., 2012;
Joshi et al., 2004; Junginger et al., 2012; Kaser et al., 2008; Keppel et al., 2008;
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Lankford et al., 2008; Manigold et al., 2006; Mcneilly et al., 2010; Mexas et al.,
2008; Mitra et al., 2010; Pinheiro et al., 2011; Porter et al., 2007; Seibel et al., 2010;
Seo et al., 2009; Silva-Campa et al., 2009; Singh et al., 2009; Vahlenkamp et al.,
2004; Wongyanin et al., 2010).

Regulatory T cells in dogs were firstly mentioned by Weiden et al. (1976), who
showed, that suppressor population of cells might be involved in preventing the
development of GVHD (graft-versus-host disease). Detection of Tregs in dogs is
possible by using specific monoclonal antibodies targeted against rodent (mouse/rat)
FOXP3 and specific antibodies against canine CD25 (Abrams et al., 2010; Biller et
al., 2007; Junginger et al., 2012; Mizuno et al., 2009; Pinheiro et al., 2011; Rissetto
et al., 2010). Due to their crucial role in controlling the immune responses, Tregs
have been investigated in peripheral blood, lymph nodes and tumour tissues in dogs
with inflammatory, neoplastic and infectious diseases (Biller et al., 2007; Biller et al.,
2010; Horiuchi et al., 2009; Horiuchi et al., 2010; Keppel et al., 2008; O’Neill et al.,
2009; Tominaga et al., 2010; Veenhof et al., 2010; Veenhof et al., 2011). The
regulatory function of these cells has been described also in vitro (Abrams et al.,

2010; Pinheiro et al., 2011).

4.2.5 Immune responses in periodontal disease

The pathogenesis of PD is mediated by innate and adaptive immune responses
(including humoral and cell-mediated immunity), provoked by periodontopathogens
(Ebersole & Taubman, 1994; Okui et al., 2008). The most important risk factor of
PD development with immunoregulatory function is ascribed to the T cell phenotype
although B cell responses play an important role as well (Gemmell et al., 2001;
Houri-Haddad et al., 2007). The role of T cell phenotype, more specifically Th1/Th2
relationship in PD is still under investigation. The debate regarding the involvement
of Thl cells in stable periodontal lesions and Th2 responses in the states of

progressive PD lesions is still open (Gaffen & Hajishenegallis, 2008; Gemmell et al.,

22



2001). A healthy periodontium can be maintained only if the balance between
different T cell subsets (e.g. CD4", CD8" T cells and Tregs) and B cells is maintained
and well-controlled (Garlet et al., 2010). Different results were obtained when
evaluating the frequency of T cell subsets (CD4", CDS8") in periodontal lesions
and/or peripheral blood of PD patients compared to healthy controls (Okada et al.,
1984; Taubman et al., 1984). As both, increases and decreases in T cell subsets
(CD4" and CDS8") have been reported, contradictory results regarding CD4/8 ratios
being, decreased or increased, have been demonstrated (Celenligil et al., 1993; Katz
et al., 1988; Stoufi et. al., 1987). No correlation of CD4/8 ratio with PD has been
confirmed as well (Engel et al., 1984). Syrjanen et al. (1984) indicated and increased
CD4/8 ratio in the periodontal tissues of patients with aggressive PD and their
families. The results of a study of Meng and Zheng (1989) revealed no significant
differences in the mean ratios of CD4"/CD8" T cells from diseased and healthy
periodontal tissues, but individual differences in T cell subsets and CD4/8 ratios were
found between patients with the same disease (marginal gingivitis, juvenile and adult
periodontitis). Despite findings of several authors that high CD4/8 ratios correlate
with pronounced inflammatory infiltrate in periodontitis lesions and lower CD4/8
ratios with PD lesions with less inflammatory cells present, the exact role and impact
of helper and cytotoxic T cells in the development of early and/or advanced

periodontitis lesion still remains under investigation.

Immunoregulatory role of B cells in PD includes theirs modulatory direct and/or
indirect effects on other cells (Lund et al., 2005; Porakishvili et al., 2001). B cells are
activated by cytokines produced predominantly by Th2 cells (Yamamoto, Fujikashi
et al., 1997) or by direct contact with antigens (Gemmell et al., 2007). Activated B
cells transform into plasma cells, which promote immunoglobulins that identify and
bind to antigens (Berglundh et al., 2007). The adaptive immune responses, properly
regulated by B cells, protect the host from negative effects of pathogens by
establishing specific immunity with a memory component (Graves & Cochran,

2003).
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4.2.5.1 Tregs and periodontal disease

Investigation of the role of Tregs in PD is an area of intense research activity in
human medicine and mice models in the last several years. Although the
development of PD is very well investigated, the pathophysiological mechanisms
guiding the PD development and progression still remain to be elucidated. It has
been demonstrated that osteoclastogenesis (process that relies on many factors) is
mediated by Treg-derived cytokines such as TGF-f, IL-10 or IL-4 or CTLA-4 that
were all shown to be present in diseased periodontal tissues (Cardoso et al. 2008;
Garlet et al. 2010; Sasaki et al., 2004). Tregs are involved in maintaining the
metabolic equilibrium between formation and resorption of alveolar bone (Mori et
al., 2007). While the majority of studies investigating the role of Tregs in PD
concluded, that increases in Tregs correlate with the pathological states of
periodontium, less authours agree, that an increased frequency of Tregs (identified
with phenotypic markers such as FOXP3, CTLA-4, IL-10, TGF-B, GITR, CD103
and CD45RO) is maintaining the periodontium in a healthy state (Indumathy et al.,
2012; Cardoso et al., 2008; Dutzan et al., 2009; Ito et al., 2005; Nakajima et al.,
2005; Okui et al., 2008). Investigations regarding the role of Tregs in patients with
PD were not focused only to the measurements in the local periodontal environment
but also to detection of Tregs in peripheral blood and revealed decreased number of
Treg cells (CD4'CD25") (Cardoso et al., 2008; Indumathy et al., 2012; Takeuchi et
al., 1991). In contrast, periodontitis lesions, compared to healthy and gingivitis
lesions, were demonstrated with increased expression of FOXP3 (Cardoso et al.,

2008; Duarte et al., 2011; Kim et al., 2010; Nakajima et al., 2005; Okui et al., 2012).
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4.3 Immunohistochemical expression of Ki-67 and VEGFR-2 in canine

inflammatory, benign and malignant head and neck conditions

4.3.1 Physiological angiogenesis

The development and growth of blood vessels occur during embryogenesis through
two related processes e.g. vasculogenesis and angiogenesis (Risau, 1997; Risau &
Flamme, 1995; Olsson et al., 2006). Vasculogenesis is the formation of blood vessels
by the in situ development of cells of endothelium from angioblasts while
angiogenesis refers to the formation and occurrence of new blood vessels from the
pre-existing vessels (Risau, 1997; Risau & Flamme, 1995). After formation of blood
vessels by vasculogenesis, angiogenesis becomes the predominant mechanism by
which blood vessels form, both during the later stages of embryonic development
and throughout adulthood (Coffin & Poole, 1988). A balance between proangiogenic
and anti-angiogenic factors in physiological angiogenesis maintains normal and vital
processes such as growth and development of an organism and wound healing

(Armulik et al., 2005; Coffin & Poole, 1988; Risau, 1997; Risau & Flamme, 1995).

4.3.2 Pathological angiogenesis

Pathological angiogenesis in chronic inflammatory and neoplastic diseases, in both
human and veterinary medicine, occurs due to disregulations in angiogenesis, which
lead to an increased formation of new blood vessels (Fava et al., 1994).
Angiogenesis, providing oxygen and nutrients differs in the context of neoplastic
disease development. The growth of tumours (restricted to few cubic millimetres) is
limited in the absence of angiogenesis while pronounced pathological angiogenesis is
associated with an increased growth of tumours and/or development of metastases

(Folkman, 1990; Folkman, 1995) as demonstrated in solid tumours affecting breast,
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colon, lung, kidney and bladder (Albo et al., 1994; Bosari et al., 1992; Denijn &
Ruiter, 1993; Macchiarini et al., 1992; Toi et al., 1993; Weidner et al., 1993).

4.3.3 Vascular endothelial growth factors (VEGFs)

4.3.3.1 Physiological and pathological role of VEGFs

Physiological vasculogenesis and physiological and pathological angiogenesis are
guided by growth factors restricted to vascular endothelium (Carmeliet, 2003).
VEGFs participate in the early phases of embryonic development, more specifically,
when the development of the cardiovascular and central nervous system and the
formation of bones occurs and in the angiogenesis processes, €.g. formation of blood
vessels throughout life including wound healing and ovulation (Brock & Lee, 2002;
Carmeliet et al., 1996; Ferrara et al., 2003; Ferrara & Davis-Smyth, 1997). Exerting
its important physiological role in above-mentioned processes, VEGFs
overexpression in tumours correlated with increased angiogenesis as well as
proliferative and metastatic potential of tumour cells (Brock & Lee, 2002; Folkman,

1995).

The VEGF family consists of growth factors A, B, C, D and platelet derived growth
factor, classified as glycoproteins of a molecular weight of approximately 40 kDa
(Olsson et al., 2006). Alternative splicing of VEGF factors leads to the formation of
different VEGF isotypes with diverse biological activities (Neufeld et al., 1999).
Binding of VEGFs to its receptors, VEGFR-1 (Flt-1), VEGFR-2 (FLK-1/KDR),
VEGFR-3 (Flt-4) or other co-receptors, such as heparin sulphate proteoglycans and
neuropilins, is responsible for their activation and function (Olsson et al., 2006).
VEGF-A binds to VEGFR-1 and VEGFR-2 and thus plays an important role in

vasculogenesis and angiogenesis processes. Proteolytic reactions regulate the activity
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of VEGF family members enabling specific interactions with receptors, which bind
to these factors (Olsson et al., 2006). Regulatory role of VEGFs is similar to other
receptor tyrosine kinases (RTKs), such as PDGFRs and EGFRs (Olsson et al., 2006).
Their activity correlates with dimerization of the tyrosine kinases, as well with the
formation of docking sites for signal transducers (Olsson et al., 2006). Cytokines
such as FGF-4, PDGF, TNF-a, TGF-B, IL-1p or IL-6, hormones (gonadotropins) and
oncogenes such as the activated forms of Src and Ras have an impact on the
expression of VEGFs (Detmar et al., 1994; Mukhopadhyay et al., 1995; Rak et al,
1995).

4.3.3.2 Hypoxia and angiogenesis

Although the production of VEGF depends on the local oxygen concentration
(Papetti & Herman, 2002), hypoxia has been considered as one of the major
stimulators of VEGFs expression (Damert et al., 1997; Minchenko et al., 1994;
Neufeld et al., 1999). This was confirmed in several studies, indicating an increased
expression of VEGFs is present in hypoxic tumours (Collet et al., 2014) where
hypoxia helps to initiate proliferation, angiogenesis and death by stimulating the
activity of transcription factors, for instance, inducible factors of hypoxia (HIFs)
(Harris, 2002; Lee et al., 2009). The transcriptional activity of HIFs occurs through
VEGF (Hanahan, 1997; Papetti & Herman, 2002; Pugh and Ratcliffe, 2003; Shweiki
et al., 1992) that bind to cis elements in the VEGF promoter, stimulating the release
of pro-angiogenic factors (Forsythe et al., 1996; Papetti & Herman, 2002; Wang &
Semenza, 1993). The formation and growth of new blood vessels, stimulating the
growth of a tumour, is a consequence of VEGFs binding to vascular endothelial
growth factors receptors (VEGFRs) (Collet et al., 2014; Ferrara, 1999). Expression
and/or overexpression of VEGFs correlate with resistance to therapy and poor
therapeutic outcome in patients with certain types of tumours (Chai et al., 2014;

Folkman, 2007).
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4.3.3.3 Mechanisms of tumour angiogenesis

Tumour angiogenesis, arising from avascular or vascular tumours, differs. Hypoxic
areas within avascular tumours stimulate expression of transcription factors sensing
hypoxia, such as the HIFs (Wang & Semenza, 1993) which in turn induce
accumulation of pro-angiogenic proteins, such as VEGF, FGF and IL-8 stimulating
angiogenesis (Forsythe et al., 1996; Stinga et al., 2011). In vascular tumours, the
tumour cells, inducing the expression of angiopoietin-2 in the pre-existing vessels,
cause regression of the part of the tumour mass due to endothelial cell apoptosis. As
vessels regress, the tumour becomes avascular. According to the presence of
hypoxia, upregulation of angiogenic factors induces the production of new blood

vessel supply (Papetti & Herman, 2002).

4.3.4 Vascular endothelial growth factor receptors (VEGFRs)

VEGFRs belong to the receptor tyrosine kinase (RTK) family and have similar
structure as PDGF family (Olsson et al., 2006). Receptors, VEGFR-1 and VEGFR-2,
consist of an extracellular domain with 7 immunoglobulin-like loops and an
intracellular domain, important for tyrosine kinase activity (Halper, 2010). Despite a
high percentage (80%) of homology among the Ig-like domains of the VEGFRs, the
heterogeneity of the rest 20% in their structure contributes to differential ligand
binding, kinase activity and biological activity of receptors (Koch et al., 2011; Singh
et al., 2005). Immunoglobulin domain-3 in VEGFR-2 is important in determination

of ligand-binding specificity (Olsson et al., 2000).

The function and activity of VEGF/VEGFRs is exhibited primarily in vascular

system where they are primarily expressed although VEGFR expression occurs also
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in non-endothelial cells. VEGFR-1 and VEGFR-2 are localised to both vascular and
lymphatic endothelial cells while VEGFR-3 is primarily present in lymphatic
endothelium (Nilson et al., 2004; Olsson et al., 2006).

Binding of ligands of VEGF to VEGFRs induces dimerization (homodimerization
and heterodimerization) of the receptors and activation of RTK activities, two
processes, leading to autophosphorylation of the receptors (Olsson et al., 2006;
Takahashi et al., 2001). Phosphorylated receptors further recruit interacting proteins
resulting in the activation of signalling pathways exhibiting both physiological and
pathological effects. Hypoxia-inducible factors (HIFs) regulate the expression of
VEGFR-1 by binding to promoter region of VEGFR-A (Olsson et al., 2006).
Increased expression of HIF-a has been shown as a negative prognostic biomarker in
patients with oropharyngeal SCCs (Aebershold et al., 2001; Semenza, 2004). The
activity of VEGFR-2 is regulated both negatively and positively. Trimeric G proteins
guide a positive regulation while negative regulation occurs through the
phosphotyrosine phosphatases Src-homology phosphatase-1 and 2 (Olsson et al.,
2006).

VEGFRs have been demonstrated to be involved in both physiological and
pathological vascular endothelial cell biology (Senger et al., 1993). VEGFR-2 is,
among other receptors, the major and the most important receptor responsible for
endothelial cell function since early beginning of the embryonic endothelial
development (Shalaby et al., 1995). The importance of VEGFR-2 (Flk-1) at the
physiological level was proved by Shalaby et al. (1995) who demonstrated that
homozygous embryos deficient in VEGFR-2 die because of defects in the
haematopoietic and endothelial cell development in very early stages of embryonic

development, that is, 8.5-9.5 days post-coitum.
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Tumour cells produce various pro-angiogenic factors, including VEGF and its
receptors in both humans and animals (Bergers & Benjamin, 2003; Folkman, 2007;
Rebuzzi et al., 2007; Restucci et al., 2004). VEGFR-2 is considered as the earliest
biomarker for endothelial development and the primary driver of pathological
processes associated with neovascularization, for instance, tumours, as other
VEGFRs are also expressed on a wide variety of other non-endothelial cells (Shalaby
et al.,, 1995; Shibuya & Claesson-Welsh, 2006). The overexpression of VEGFR-2,
with paracrine or autocrine activation, is one of commonly detected dysregulations of
receptor tyrosine kinases in cancer, although somatic mutations, involving deletions
and point mutations, exist as well (Walter et al., 2002). Due to deprivation of
nutrients and oxygen supply, especially in the centre of a tumour, tumour cells, in
order to survive, stimulate production of VEGF, which further, with co-operation of
VEGFRs, trigger angiogenesis processes (Neufeld et al., 1999) affecting
proliferative, migrative and survival potential of endothelial cells and thus the growth
of tumours (Fukumura et al., 2001; Holmqvist et al., 2003; Innocenti et al., 2003;
Koch et al., 2011; Senger et al., 1983; Stetler-Stevenson, 2008; Takahashi et al.,
2001). In addition, formation of new blood vessels involving VEGF/VEGFRs
pathways, with an impact on the progression of tumours, correlated also with
inactivation of tumour suppressor genes (e.g. p53) or down-regulation of
angiogenesis factors like inhibitor thrombospondin 1 (TSP1) (Dameron et al., 1994;
Rastinejad et al., 1989).

4.3.5 Targeting VEGFs/VEGFRs pathways

Anti-VEGF/VEGFR drugs block pathological angiogenesis processes with targeting
VEGF/VEGFR signalling pathways and have been demonstrated to have a
therapeutic benefit for different types of tumours overexpressing VEGF and/or
VEGFRs in both human and veterinary medicine (Bergers & Hanahan, 2008;
London et al., 2012; Hahn et al., 2008; Hurwitz et al., 2004; Peterson et al., 2004;

Thamm et al., 2012; Yu et al., 2002). In veterinary medicine, two tyrosine kinase
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inhibitors as monotherapy or as a part of multimodal treatment approach are used.
Masitinib inhibits c-kit and also PDGFR alpha and beta, Lyn, FGFR3 and FAK
pathways while toceranib blocks VEGFR-2, PDGFR, Kit and FIt-3 (Hahn et al.,
2008; Thamm et al., 2012). Ozao-Choy et al. (2009) showed in an in vivo animal
cancer model, that these drugs, despite having cytotoxic potential, exhibit
immunomodulatory effects on certain immune cells like myeloid-derived suppressor

cells and Tregs.

4.3.6 Cell proliferation

Cell proliferation, representing a balance between cell division and death, is a
physiological process responsible for the growth and maintenance of homoeostasis in
almost all tissues and under many circumstances (Pitiyage, 2009). In cancer, where
mutations or deletions of certain genes cause the disruption of the balance between
cell proliferation (division of cells) and apoptosis (programmed cell death),
uncontrolled proliferation of tumour cells leads the development of benign and/or
malignant tumours (Bishop, 1987; Tumuluri et al., 2002; Van Diest et al., 1998;).
Proliferation activity of tumour cells is assessed by proliferating cell nuclear antigen
(PCNA) and Ki-67 antigen (Gerdes et al., 1983). Ki-67 antigen was firstly described
by Gerdes et al. (1983) who demonstrated the potential use of Ki-67 for the
evaluation of proliferating cells in tumours. Ki-67 is a biomarker of the growth
fraction of cells as it is expressed in all active parts of the cell cycle (G1, S, G2 and
mitosis) but not in resting cells (GO) (Gerdes et al., 1983; Gerdes et al., 1986). The
antibody, most commonly used for the detection of Ki-67 in both human and
veterinary medicine, is monoclonal antibody, MIB-1 (Bergin et al., 2011; Couture et
al., 2002; Fischer et al., 2011; Gerdes et al., 1983; Pena et al., 1998; Webster et al.,
2007). In human head and neck cancer contradictory results regarding the prognostic
value of Ki-67 might relate to the analysis of a combination of various head and neck
cancers of different anatomical locations, histological types, biological activity and

clinical behaviour. Analysis of more homogenous groups of tumours, arising from
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the head and neck, indicated, that the cell proliferative activity, estimated by Ki-67,
is a reliable prognostic factor (Pich et al., 2004). Other tumour cell death related
markers, like p21 along with Ki-67, appeared as strong negative prognostic factor in

HNSCC as well (Fischer et al., 2011).

The role of Ki-67, an important radioresistance factor, has been assessed in several
studies, where radiotherapy directed to the cell cycle, was used for the treatment of
neoplasia affecting head and neck (Budach et al., 2006; Couture et al., 2002; Marcu,
2013). Tumour hypoxia is considered as a negative prognostic factor with a negative
impact on the therapeutic outcome as well as overall survival of patients with
tumours of the head and neck (Bittner & Grosu, 2013; Swartz et al., 2015). In
hypoxic environment, an important radioresistance factor, cells are preferentially in
GO phase (Hall et al., 1994). According to several authors, the tumour cells of head
and neck tumours with low proliferative activity indicate hypoxia and radioresistance
(Couture et al., 2002; Freudelsperger et al., 2012; Kennedy et al., 1997). Couture et
al. (2002) reported significantly higher incidence of local recurrences of oral cavity
carcinoma tumours of patients treated with radical course of radiotherapy compared

to patients with low proliferative activity of tumour cells (Ki-67 < 20%).
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4.4 Accelerated chemoradiotherapy protocol for advanced canine head

and neck squamous cell carcinoma

4.4.1 Human head and neck squamous cell carcinoma (HNSCC)

Several histological types of tumours affect head and neck with squamous cell
carcinoma being one of the most frequently diagnosed neoplasms of this anatomical
site (Dobrossy, 2005; Marcu, 2013; Reuter et al., 2007; Rogers et al., 2005). HNSCC
tumours arise from oral cavity, oropharynx, hypopharynx, larynx, sino-nasal and
nasal region and can be treated effectively only if diagnosed early enough (Vokes et

al., 1993).

Several aetiology factors (e.g. tobacco smoking, alcohol consumption,
papillomavirus infection, oral leukoplakia, atmospheric pollution and poor dental
hygiene) have been mentioned as initiating factors of HNSCC (Dobrossy, 2005;
Hashibe et al., 2007; Zhang et al., 2000).

The choice of treatment strategy for HNSCC depends on the primary site of the
tumour (location) and the staging results, more specifically, the presence/absence of
regional lymph node or distant site metastases (Kramer et al., 2005; Pignon et al.,
2000; Reuter et al., 2007; Rogers et al., 2005). Surgery and radiotherapy exhibit
similar effectiveness for small HNSCC while more advanced HNSCC require
multimodal treatment approach, consisting of surgical resection, if possible, with
adjuvant treatments consisting of radiotherapy and chemotherapy and/or biologically

target drugs (Pignon et al., 2000).

33



Location of the tumour and staging results of patients with HN tumours impact the
prognosis (Brana & Siu, 2012). The best prognosis is achieved in patients with early-
stage HNSCC who are treated with surgery and/or radiotherapy while the prognosis
for patients with an advanced stage of the disease is considered to be poor (Reuter et
al., 2007; Seiwert et al., 2007; Shibuya et al., 2002). The expected survival of 5
years, for patients with advanced stage tumours, is less than 10%, if treated with
radiotherapy alone (Rogers et al., 2005; Reuter et al., 2007). These patients have an
increased risk to develop recurrences loco-regionally and/or distant site metastases
and this fact reduces the overall survival even more considerably and is
approximately 6 to 9 months (Kirby et al., 2006; Reuter et al., 2007). Despite
significant improvements made in the multimodality treatment approach of patients
with unresectable HNSCC, including alterations in the fractionation radiotherapy
protocols, integrating radiotherapy with chemotherapy and adding biologically
targeted drugs, the treatment strategies for advanced HNSCC are still not

standardised.

4.4.2 Radiation therapy and altered fractionation radiotherapy protocols

Human patients with unresectable HNSCC are treated with radiation therapy, which
is delivered alone or concurrently with chemotherapy (Brana and Siu, 1012).
Traditional radiotherapy protocols involve radiation of patients with HNSCC once
daily using fractions of 1.8 to 2 Gy (to a total dose of approximately 70 Gy) in a
period of 6 to 7 weeks (Seiwert et al., 2007). Altered fractionation protocols,
including hyperfractionated and accelerated radiotherapy protocols, have been used
as well, but are still under investigation (Ang et al., 1990; Corvo, 2007; Fu et al.,
1995; Gwozdz et al., 1997; Mendenhall et al., 2000; Million et al., 1985; Overgaard
et al, 2003; Wang, 1988). Hyperfractionation or accelerated fractionation
radiotherapy protocols improved the therapeutic outcome and positively impacted the

disease-free and overall survival of patients with HNSCC in comparison with
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conventional radiotherapy protocols (Bourhis, Overgaard et al., 2006; Bourhis,
Lapeyere et al., 2006; Fu et al., 2000; Hliniak et al., 2002; Horiot et al., 1992;
Jackson et al., 1997; Overgaard et al., 2003; Pinto et al., 1991; Poulsen et al., 2001;
Skladowski et al., 2000).

4.4.3 Altered radiotherapy fractionation protocols and concurrent chemo-

radiotherapy protocols

Several clinical studies demonstrated the beneficial effect of combining altered
fractionation radiotherapy protocols, such as accelerated or hyperfractionated
radiotherapy with chemotherapy on the overall survival of patients with these types
of tumours (Ang, 1988; Budach et al., 2006; Bourhis, Overgaard et al., 2006;
Bourhis, Lapeyere et al., 2006). According to the meta-analysis of Budach et al.
(2006), addition of chemotherapy, to any radiation therapy protocol, extends survival
to 12 months and is at 2 years 13% to 15% and at 5 years approximately 8%. In
comparison, the overall survival benefit at 5 years, of patients treated with altered
fractionation protocols, accelerated or hyperfractionated, when compared to
conventional radiotherapy protocols with no chemotherapy, was, according to the
meta-analysis conducted by Bouhris, Overggard et al. (2006), 3.4%. An interesting
finding was that patients, treated with an accelerated radiotherapy without
chemotherapy, showed no significant overall survival benefit when compared to the
overall survival of patients treated with conventional radiotherapy protocols while
hyperfractionation increased median survival for approximately 14 months (Boubhris,
Lapeyere et al., 2006). The benefit of accelerated fractionation was demonstrated as
well and was according to Bouhris, Overgaard et al. (2006) approximately 2% at 5
years. Altered fractionation radiotherapy caused significantly lower percentage (23%
reduction in risk) of loco-regional failures with the absolute reported benefit of 8.5%
at 5 years (Bourhis, Overgaard et al., 2006). Although the results of Budach and
Bourhis meta-analyses revealed the positive impact of hyperfractionated or

accelerated radiotherapy protocols on the treatment outcome and as well on the
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overall survival of patients with HNSCC, the role of chemotherapy, applied as a
radiosensitizer or concomitantly with radiotherapy, is still unclear and needs to be
investigated further (Budach et al., 2006; Bourhis, Overgaard et al., 2006; Bourhis,
Lapeyere et al., 2006).

4.4.4 Canine squamous cell carcinoma of the head and neck

Canine tumours arising from head and neck are heterogeneous group of neoplasia
affecting hard and soft tissues of the dog's oral cavity (mandible, maxilla), lingual,
sublingual and tonsillar region, nasal cavity, frontal sinuses and nasal planum (Liptak

and Withrow, 2007; McEntee, 2012; Withrow, 2007).

Squamous cell carcinoma (SCC) is one of the second most frequent oral
malignancies detected although other malignant tumours affecting the oral cavity
including malignant melanoma, sarcomas (fibrosarcoma, osteosarcoma, multilobular
osteochondrosarcoma, hemangiosarcoma), undifferentiated malignant tumour of
young dogs, extramedullary plasmacytoma, oral lymphoma, neuroendocrine cell
tumours, mast cell tumour and granular cell myoblastoma can be diagnosed (Liptak
and Withrow, 2007; MacEwen et al., 1977; Madewell et al., 1976; McEntee, 2012;
Wilson and Dungworth, 2002).

Squamous cell carcinomas also affect lips and cheek although other types of tumours
such as fibrosarcoma, mast cell tumour, soft tissue sarcoma and malignant melanoma
might be diagnosed in these anatomical locations as well. The most common tumour
identified with predilection to lingual and sublingual lesions is SCC but other tumour
types such as malignant melanoma, mast cell tumour, fibrosarcoma, adenocarcinoma,
hemangiosarcoma, rhabdomyoma and rhabdomyosarcoma might develop as well.

Carcinomas (adenocarcinoma, SCC, mast cell tumour) are the most commonly
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diagnosed salivary gland tumours in dogs (Liptak and Withrow, 2007; McEntee,
2012).

Two-thirds of intranasal cavity tumours are carcinomas, consisting of
adenocarcinoma, SCC and undifferentiated carcinoma tumours. These are followed
by sarcomas (fibrosarcoma, osteosarcoma, chondrosarcoma and undifferentiated
sarcoma), lymphoma, mast cell tumour and hemangiosarcoma. The majority of
frontal sinus tumours are squamous cell carcinomas. The same is true for canine
nasal planum tumours, although other types such as lymphoma, fibrosarcoma,
haemangioma, malignant melanoma, mast cell tumour, fibroma and histiocytoma

have been reported (Withrow, 2007).

Malignant head and neck tumours are locally aggressive and remain a therapeutic
challenge, especially when presented at an advanced stage (Liptak and Withrow,
2007; McEntee, 2012; Withrow, 2007). Caudal oral cavity, tonsillar and lingual
SCC, like other oral tumours, for instance, malignant melanomas, exhibit higher
metastatic potential in comparison with rostrally located SCC (Liptak and Withrow,
2007; McEntee, 2012; Modiano et al., 1999). The metastatic potential for nasal
cavity or sino-nasal tumours, at the time of the presentation, is considered low, but
metastases can develop in the late course of the disease with regional lymph nodes
and lungs being the most commonly affected sites (Patnaik et al., 1984; Patnaik,

1989).

Treatment options and strategies depend on several factors, with the most important
factors being the type of the tumour and staging results, patient’s overall health and
the client’s preferences. Radiation therapy is typically recommended as an adjuvant
treatment for inoperable or incompletely excised oral and tonsillar SCC while for
canine patients with nasal cavity or sino-nasal tumours radiotherapy remains the only

treatment possibility (Liptak and Withrow, 2007; McEntee, 2012; Withrow, 2007).
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Curative intent radiotherapy protocols, for squamous cell carcinomas affecting head
and neck in dogs, consist of fractions of 2.7 Gy to 4.2 Gy, delivered daily or on
alternate days, with a total dose ranging from 48 to 57 Gy (Bateman et al., 1994;
Blackwood and Dobson, 1996; Freeman et al., 2003; Proulx et al., 2003; Theon et al.,
1997). The lowest rates of local tumour recurrence and best survival times are
described for dogs with early stage oral SCC treated with surgery and/or
radiotherapy. The prognosis remains poor, especially for advanced stage canine head

and neck SCC (Liptak and Withrow, 2007; Withrow, 2007).

Although the long-term prognosis for advanced canine nasal cavity or sino-nasal
tumours is guarded to poor, radiation therapy has a positive effect on the overall
survival (Evans et al., 1989; Patnaik et al., 1984; Turek and Lana, 2007; Wilson and
Dungworth, 2002). Curative intent radiotherapy treatment protocols (full course or
definitive radiation) are considered the most effective of achieving local control and
result in median survival generally in the 12-month range (ranging from 8-19.7
months) with the 1- and 2- year survival rates ranging from 43-60 % at 1 year and
11-44 % at 2 years (Adams et al., 1987; Adams et al., 1998; Adams et al., 2005; Lana
et al., 1997; McEntee et al., 1991; Nadeau et al., 2004; Theon et al., 1993). They
cause moderate to severe acute side effects, which can be prevented with supportive
medical care but can temporarily compromise the quality of life. Palliative intent
radiotherapy protocols can be also used as they have been shown to improve clinical
signs and survival, compared to palliative care only (Gieger et al., 2008; Mellanby et

al., 2002; Morris et al., 1994; Kleiter et al., 2004; Rassnick et al., 2006).

In order to obtain a better loco-regional tumour control and better overall treatment
outcome of dogs with nasal cavity or sino-nasal tumours variations in radiotherapy
protocols including accelerated radiotherapy, boost technique and the use of
radiosensitizers have been investigated (Adams et al., 2005; Lana et al., 1997;
LeBlanc et al., 2004; Nadeau et al., 2004; Thrall et al., 1993). The growth of tumours

was improved as well as overall times, although not with all techniques. As the acute
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reactions, as well as increased late side effects, occurred with these protocols the
approaches are not an accepted treatment modality for these types of tumours in
dogs. The causes for non-responsiveness of canine nasal and/or sino-nasal tumours to
radiotherapy may include rapid tumour cell proliferation and the presence of tumour
hypoxia within the tumour volume, which are all factors of radioresistance (LaDue et
al., 1999). Considering the specific tumour biology of SCCs and results of
conventionally fractionated radiotherapy, modified radiation fractionation protocols,
with an aim to improve the therapeutic outcome of patients suffering from advanced
stages of HNSCC have been tried. Accelerated radiotherapy protocols, alone or
postoperatively, have already been used for the treatment of canine intranasal
tumours, but not oral and tonsillar SCC tumours, and resulted in median survival of
19.7 and 47.7 months, respectively (Adams et al., 1998; Adams et al., 2009; Liptak
and Withrow, 2007). Unfortunately, accelerated, coarsely fractionated definitive
protocols resulted in severe late side effects in 40% of dogs and are not established

radiotherapy treatment modality in veterinary medicine (Adams et al., 1998).

Investigation of multiple pathways in the pathobiology of tumours affecting head and
neck is complex and extensive but will definitely help to optimise and potentially
individualise the treatment approach for patients affected with this types of tumours

not only in human (Harari, 2005) but also in veterinary medicine.
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5 MATERIALS AND METHODS

5.1 Complete blood count parameters and indices in canine

inflammatory and neoplastic head and neck conditions

5.1.1 Patients

The medical records of 236 dogs were reviewed. 71 clinically healthy dogs, 73 dogs
with stage 3,4 PD (moderate to advanced periodontitis) and 92 dogs with neoplastic
head and neck conditions (31 dogs with carcinomas, 19 dogs with melanomas, 24
dogs with sarcomas, 18 dogs with epulides) who had undergone medical examination
and received treatment at Animal Hospital Postojna, Slovenia from September 2011
to January 2014 were included. The CBC of the investigated groups of dogs were
retrospectively retrieved and reviewed from the database of the Animal Hospital
Postojna, Slovenia. A group of dogs defined to be healthy dogs was included to
compare the investigated parameters as controls. These dogs were presented to
Animal Hospital Postojna, Slovenia for elective surgical procedures (ovariectomy,
castration) or other diagnostic non-invasive procedures (x-rays of hips etc.) and all
had a routine blood analysis (CBC) performed as a part of a complete pre-anaesthetic
check-up. All dogs were otherwise clinically healthy with no concurrent systemic

diseases detected.

5.1.2 Staging of the canine periodontal disease

The teeth in the oral cavity of dogs affected with stage 1 (gingivitis) and stage 3,4 PD
(moderate to advanced periodontitis) were prior periodontal prophylaxis and
periodontal treatments evaluated by periodontal examination including evaluation of

the presence of teeth, measurement of the probing depth, determining the periodontal
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attachment loss and furcation exposures and assessment of teeth mobility and dental

radiography.

5.1.3 Staging and treatment of the canine neoplastic head and neck conditions

Dogs with histologically confirmed spontaneous head and neck neoplasia were
reviewed. The pre-treatment evaluation included a complete physical examination, a
CBC, serum biochemistry profile and urinalysis and CT of the head and neck region
and/or thorax for staging and treatment planning purposes. For evaluation of
potential metastatic spread, regional lymph nodes were evaluated with fine needle
aspiration or biopsy. Clinical stage for oral/pharyngeal head neck tumours was
classified according to the tumour dimension (T) (T1< 2cm; T2 2-4 cm; T3 > 4cm)
without (substage a) or with (substage b) evidence of bone involvement, regional
lymph node status (N) and presence or absence of distant metastases (M) using
World Health Organization (WHO) Tumour Node Metastasis system for
classification of tumours in domestic animals (Owen, 1980). Modified Adams
staging scheme (Adams et al., 2009) was used for sino-nasal tumours and those were
classified as stage 1 (unilateral, no bone involvement), stage 2 (bone involvement
detected but no evidence of the extension of tumour into soft tissues), stage 3

(extension of tumour into orbit) and stage 4 (evidence of cribriform lysis).

All dogs with NHNC were treated with curative intent multimodality treatment
protocols. Patients with oral/pharyngeal neoplasia were treated with surgical
resection + non-steroidal anti-inflammatory drugs (NSAIDs) or surgical resection +
NSAIDs + radiotherapy or radiotherapy + NSAIDs. The treatment response was
assessed according to Nguyen et al. (2015) treatment response criteria based on
physical examination and/or diagnostic imaging results (radiography and/or CT) and
was defined as a complete response (CR; complete tumour regression), partial
response (PR; at least 30% reduction of the tumour), stable disease (SD; less than

30% reduction or 20% increase of the tumour) and progressive disease (PD; the
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appearance of new lesions or at least a 20% increase of the tumour). Overall survival
(OS) was the time of the initial diagnosis to the time of death from any cause or the

date the patient was last known to be alive.

5.1.4 Analysis of blood samples and calculation of complete blood count indices

The complete blood count (CBC) parameters of whole blood, collected in ethylene-
diamine-tetra-acetic acid (EDTA) anticoagulant, were measured with a haematology
analyser (Sysmex pocH-100i1V, Kobe, Japan) in Animal Hospital Postojna, Slovenia.
The blood analysis was performed as a part of the general health check-up, usually at
the time of the presentation, before performing any diagnostic steps or treatments.
N/L and P/L ratios were calculated as ratios of the neutrophils and platelets to
lymphocytes, respectively. MPV/PLT ratio was calculated as a ratio between MPV to
PLT. Adjusted P/L ratio for large platelets (PLCRi) was obtained by multiplying the
platelet-large cell ratio (PLCR) with calculated P/L ratio.

5.1.5 Statistical analysis

Statistically significant differences between the groups investigated (healthy control
dogs (HD); dogs with stage 3,4 PD (moderate to advanced periodontitis) and dogs
with neoplastic head and neck conditions (NHNC)) were preliminary explored by
Kruskal-Wallis test. Multivariable analysis were performed according to the
polytomous logistic regression model and linear regression model in the case of
predicting overall survival in a group of dogs with malignant head and neck tumours.
The analysis was performed using R software (R Core Team, 2013) with the net
package (Venables & Ripley, 2002) for polytomous logistic regression. P values

<0.05 were considered as statistically significant.
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5.2 Systemic levels of Tregs and other lymphocyte T and B cell sets and
subsets in dogs with stage 1 PD (gingivitis) and dogs with stage 3,4 PD

(moderate to advanced periodontitis)

5.2.1 Patients

Mature mixed breed, small to medium size dogs (weighing < 20kg) presented for the
treatment of stage 1 PD (gingivitis) and stage 3,4 PD (moderate to advanced
periodontitis) between September 2013 and September 2014 were included in the
study. The exclusion criteria for dogs included professional dental treatment
performed in the last 3 years and evidence of any concurrent systemic disease. The
latter was also confirmed by a complete clinical examination with CBC, serum
biochemistry and urinalysis in all cases to detect any possible contraindications
before induction to general anaesthesia. The owners gave the consent to both, the
required treatment and the use of obtained peripheral blood and regional lymph node
aspirates for haematological and flow cytometric analysis. No owners declined

inclusion of their dogs in the study.

Peripheral blood samples for complete blood count and flow cytometric analysis
were obtained before sedation and induction to general anaesthesia while fine needle
aspirates of palpable and/or enlarged mandibular lymph nodes, for cytological and
flow cytometric evaluation, were obtained immediately after induction to general

anaesthesia as a part of general periodontal oral cavity examination.

A mixture of medetomidine and methadone was used for sedation. General
anaesthesia was induced using propofol IV. Following endotracheal intubation the

dogs were maintained with isofluorane or sevofluorane in a mixture of oxygen/air
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(0.5L/0.5L) using a non-rebreathing (dogs weighing < 5kg) or rebreathing system
(dogs weighing > 5kg) circuit.

The periodontal examination under general anaesthesia included assessment of the
tooth presence, probing depth, periodontal attachment loss, furcation exposure and
tooth mobility and dental radiography in both groups of dogs investigated.
Periodontal treatment included supragingival and subgingival scaling and polishing
of teeth in dogs with stage 1 PD (gingivitis) and in dogs witn stage 3,4 PD (moderate
to advanced periodontitis) followed by extraction of periodontally affected teeth in a
group of dogs with stage 3,4 PD (moderate to advanced periodontitis). Teeth there
were mobile and diagnosed with furcation exposure and/or horizontal or vertical
bone loss of more than 25% of the periodontal attachment of one or more tooth roots

were extracted.

5.2.2 Flow cytometric analysis

The peripheral blood samples for flow cytometric analysis were obtained into
appropriate anticoagulant 3ml vacutainer tubes (EDTA) while fine needle aspirates
of the regional lymph nodes were placed into vacutainers with 0.5ml RPMI 1640
(RPMI; Roswell Park Memorial Institute) containing 5% fetal bovine serum (FBS)

and 0.2% sodium azide.

Cell integrity and antigenic expression was maintained by analysis of peripheral
blood samples as well as aspirates of the regional lymph nodes within 24 hours from

the collection of samples.
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Before immunostaining procedure the samples were retained at temperature 20-25°C.
The cellularity of a sample was asessed with a haematology analyser. Indirect (using
unconjugated or biotin-conjugated monoclonal or polyclonal antibodies recognising
cell surface antigens) and direct FC immunostaining (for intracellular antigens with

permeabilisation step before staining) can be performed.

Indirect FC staining (according to the manufacturer’s instructions) was performed
with PBS/BSA, PBS and erytrolyse red blood cell lysing buffer. Firstly, lysis of
erythrocytes in blood samples was performed with erythrocyte lysis buffer (2ml) in a
plastic tube with the incubation of the sample for 10 minutes at room temperature
when the sample was centrifuged and the supernatant decanted. Next step was
dilution of a sample with phosphate buffered saline (PBS; pH 7.4) in a conical tube
in the ratio of 1:1 (500 pul of each) adjusting the cell suspension to a concentration of
1 x 10° cells/ml with PBS/BSA buffer. 100 pl of the cell suspension was then
aliquoted into the tubes required for the analysis. Primary antibodies (Table 1) were
added at reccomneded dilutions, the samples mixed well and incubated at 4°C for 30
minutes. Cells were then washed with 2ml of PBS/BSA, centrifuged at 400g for 5
minutes and the supernatant discarded. One million cells in a volume of 100ul were
used for immunostaining. Positive controls were cells incubated with a fluorescent
antibody directed to an epitope while negative controls were controls using
secondary reagents of appropriate isotype matched controls. A secondary reagent
was added at recommended dilution, the sample mixed well and incubated at 4°C,
avoiding light, for 30 minutes. After that, the sample was centrifuged at 400g for 5
minutes and the supernatant discarded. Cells were resuspended in 200ul of PBS or
with 200ul of 0.5% paraformaldehyde in PBS when required. The analysis of
samples was performed according to the manufacturer’s instructions within 24-48

hours after staining and fixation.

Intracellular staining of FOXP3 was performed with a cross-reactive murine PE-

conjugated FOXP3 antibody (FOXP3 staining set, clone FJK-16s, eBioscience) with
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permeabilization and fixation/permeabilization buffer used according to the
manufacturer’s instructions. Cells were firstly resuspended n
fixation/permeabilization buffers overnight at 4°C. Cells were washed twice (with
permeabilization buffer) and incubated with anti-mouse/rat FOXP3 antibody (1ul per
1x10° cells) diluted in FACS buffer for 30 minutes at 4°C. Cells were additionally
washed twice in permeabilization buffer followed by resuspension in FACS buffer.

A directly conjugated rat IgG2A antibody was used as the isotype control.

Samples were analysed with a flow cytometer emitting light at 488 nm and with
excitation and emission wavelengths for FC fluorochromes FITC (525 nm) and PE
(575 nm). The results were analysed with Cell Quest Software and were expressed as

dot, density, contour plots and histograms (Figure 1).
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Figure 1: Flow cytometric analysis of peripheral blood sample of a healthy dog
(Martini, 2013, pp 10).

Figure 1 is representing the FC results presented as dot (A), density (B) and contour
plots (C) and histogram (D). Forward (FSC) and side (SSC) scatter presented in
panel A, B and C indicate how separation of cells passing through the beam
distinguish different populations of cells. FSC correlates with the size of the cells
while SSC depends on the density. Larger and more granular cells produce a large
population with high SCC and FSC. Monocytes are large but not so granular and
produce high FSC but lower SCC then granulocytes. Lymphocytes produce a
separate population with less FSC and as they are not so granular also have low SSC.
While R1 gate indicates excluded debris the gate R2 is a gate including only small-
sized cells. Picture D is a histogram indicating the fluorescence after staining with
anti-CD21 antibody where only a few cells (B-lymphocytes) stained positive (M1)
(Martini, 2013, pp 10).
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5.2.3 Statistical analysis

Statistical differences in the parameters investigated (the absolute numbers of WBC
and LYM and the relative numbers of LYM and T and B lymphocyte populations
and subpopulations (CD4", CD8", CD5" T-cell subsets and CD21" B cells) and Tregs
(CD4'CD25", CD4'CD25'FOXP3") between dogs with stage 1 PD (gingivitis) and
dogs with stage 3,4 PD (moderate to advanced periodontitis) were compared by
Mann-Whitney U test (Bonferroni adjustment, p-values <0.005). The analysis was
performed using R software (R Core Team, 2013).

Associations between the immunophenotype markers investigated were assessed
using Paerson’s and Sparman’s rank correlation method tests. Correlation
coefficients were interpreted according to Cohen's criteria (Cohen, 1988): » = 0, no
correlation; 0 < r < 0.1, trivial correlation; 0.1 < < 0.3, slight correlation; 0.3 <r <
0.5, moderate correlation; 0.5 < r < (.7, substantial or high correlation; and » > 0.7
very high correlation. p<0.05 was considered to indicate a statistically significant

difference.

Table 1: Antibody panel used for immunophenotyping of canine peripheral blood
and regional lymph node samples by flow cytometry.

Nr. of tube  CD molecule Ab Specificity Ab clone Source
1 CD5*-FITC RatlgG2a T lymphocytes YKIX332.3 Serotec
2 CD21°-PE  Mouse IgG1 B lymphocytes = CA21D6 Serotec
3 CD8"'-PE Rat IgG1 T cytotoxic ~ YCATESS5.9  Serotec
4 CD4"-FITC Rat IgG1 T helper YKIX302.9 Serotec
5 CD25"-PE Mouse IgG1 Tregs P4A10 Serotec
6 FOXP3™-FITC  RatIgGl Tregs FJK-16s  Bioscience
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5.3 Immunohistochemical expression of Ki-67 and VEGFR-2 in canine

inflammatory, benign and malignant head and neck conditions

5.3.1 Tissue samples

Tissue samples of inflammatory, benign and malignant canine head and neck
conditions were collected from the clinical cases presented to Animal Hospital
Postojna, Slovenia where the cases were diagnosed and treated. A total of 54 head
and neck samples were identified. All the biopsy and surgical samples were
histopathologically and immunohistochemically analysed, archived and retrieved
from the Veterinary Pathology Department of Comparative Biomedicine and Food
Science of Veterinary Medicine of the University of Padua, Italy. There were 9
stomatitis samples, 11 benign samples consisting of 6 samples of acantomatous
epulis and 5 fibromatous epulis samples, 17 epithelial tumours (10 oral SCC and 7
sino-nasal SCC) and 17 other samples consisting of 7 malignant melanoma and 10
oral sarcoma samples. The medical records of dogs were reviewed and data
regarding the clinico-pathological parameters and survival were collected for the

analysis.

5.3.2 Immunohistochemical analyses for Ki-67 and VEGFR-2

Immunohistochemical analysis of samples consisted of steps including formalin
fixation of excised tissue samples, sectioning of tissue blocks (4 um thick sections),
deparaffinisation in alcohol (xylene) and dehydration in different concentrations of
alcohol solutions for 5 minutes of each. 100% xylene and solutions of 100 %, 90 %,
70 %, 50 % alcohol and finally distilated water were used. 0.3% hydrogen peroxide-
methanol solution was used for the blockage of endogenous peroxidase, which was

performed for 20 minutes at room temperature. Further step was retrieval of an
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antigen, which was performed with 10mM citrate buffer (pH 6.0) for 2 minutes at
121°C and washing with phosphate buffered saline (PBS) for 5 minutes. 5% bovine
albumin or 10% goat serum in phosphate buffer saline (PBS) for 20 minutes at 42°C
was used for nonspecific protein binding. Monoclonal mouse anti-human VEGFR-2
antibody (clone A3, Santa Cruz Biotechnology, Santa Cruz, INC, CA, dilution 1:50)
already described for the use in veterinary medicine (Al-Dissi et al., 2007; Biller et
al., 2007) and the Ki-67 antibody (clone MIB-1, Dakocytomation, UK, dilution
1:50), a mouse monoclonal anti-human antibody raised in mouse against human
recombinant Ki67 peptide, were used. Primary antibodies were diluted in water and
washed with PBS for 5 minutes. If already diluted in 2.5% BSA immediate
incubation with primary antibody was performed. The primary antibodies (VEGFR-2
antibody and Ki-67 monoclonal antibody) were then applied to tissue slice sections,
which were then incubated during the night (for 14 to 18 hours) at 4°C. After
incubation, additional washes in PBS, for 5 minutes of each, were performed.
Diluted (1:400) secondary antibodies (anti-mouse and anti-rabbit), depending on the
primary antibody, if monoclonal or polyclonal, were applied to tissues for 20 minutes
at 42°C followed by incubation with avidin-biotin-peroxidase complex (Dako
EnVisionTM) at a dilution of 1:400 for 30 minutes at room temperature followed
again by additional washes in PBS. The reaction was visualised by the reaction of
peroxidase complexed with the secondary antibody with a solution of chromogen
substrate incubated for 8 minutes using peroxidase substrate kit (DABKkit) -
diaminobenzidine hydrogen peroxide (Vector Laboratories). The sections were
thereafter counterstained with Mayer's haematoxylin for 1 minute and washed with
running water for 5 minutes. The last step was dehydration in graded alcohol

solutions of 50%, 70%, 90% and 100% and xylene.

The positive control tissues for Ki-67 were formalin-fixed, paraffin-embedded
sections of canine hyperplastic lymph node, basal epidermis or adnexa internal to the
tissues and vessel endothelium for VEGFR-2. Negative controls were obtained by

replacing the primary antibody with antibody diluent.
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The first examination of the slides prepared consisted of evaluating the slides at low
power (40X) to areas with high numbers of Ki-67 and VEGFR-2 positive cells.
Within each area, a high power field (400X) was selected and cells were counted. Ki-
67 and VEGFR-2 expression was counted as the percentage of positively labelled
nuclei by counting 1,000 cells in 10 high power fields. The final result for Ki-67 and
VEGFR-2 was defined as the percentage of immunoreactive tumour cells out of the

total number of counted cells.

For each marker, Ki-67 and VEGFR-2, the parameters evaluated were: 1.
localization of the marker: in the nucleus, cytoplasm and membrane; 2. number of
positive cells: expressed in percentages; 3. intensity of expression: using a scoring
system; negative; + mild (pale brown); ++ moderate (moderately brown); +++ strong
(intense brown). An immunohistochemical (IHC) scoring system based on the
percentage of Ki-67 or VEGFR-2 immunostained cells in a combination with Ki-67

or VEGFR-2 labelling intensity was used.

Intensity in staining:

negative (no staining) — 0
mild staining (+) — 1
moderate staining (++) — 2

strong staining (+++) — 3

Percentage of tumour cells staining (%):

no positive cells or the presence of < 10% positive tumour cells;
(no or low expression) — 0

10-25 % of positive cells — 1

26-50 % of positive cells — 2

> 50 % of positive cells — 3
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A total IHC was obtained by multiplying the results of both variables investigated
(getting the product) ranging from 0 to 9. Ki-67 and VEGFR-2 samples were
considered positive if the IHC score was 1 or > 1 meaning that at least 10% or more

tumour cells stained positive.

5.3.3 Statistical analyses

Data were analysed by parametric and non-parametric statistical analyses. Mann-
Whitney test (Wilcoxon rank sum test) was used to detect differences in the Ki-67
and VEGFR-2 between different types of head and neck conditions investigated.
Univariable statistical analysis was performed to identify the presence of potential
prognostic factors. Curves for overall survival were generated by the Kaplan-Meier
product limit method (log-rank, Cox model). Variables investigated included location
(oral vs sino-nasal), histological type (epithelial vs mesenchymal), stage (I+II vs
[I+IV), grade (low vs high) and the presence of necrosis (yes vs no). Continuous
variables (mitotic count, Ki-67 and VEGFR-2 expressing cells were dichotomized
using the median value as a cut-off. Low Ki-67 and VEGFR-2 expression were
defined as expression below the median level for Ki-67 and VEGFR-2. High Ki-67
and VEGFR-2 expression was defined as expression above the median level.
Associations between the variables investigated (age, gender, grade, histotype,
mitotic activity, Ki-67, VEGFR-2) were assessed using Sparman’s rank correlation
method tests. The interpretation of correlation coefficients is the same as in a study
of Al-Dissi et al. (2010). Correlation coefficients were interpreted according to
Cohen's criteria (Cohen, 1988); r = 0, no correlation; 0 < » < 0.1, trivial correlation;
0.1 <r < 0.3, slight correlation; 0.3 < r < 0.5, moderate correlation; 0.5 < r < 0.7,
substantial or high correlation; and » > 0.7 very high correlation. p<0.05 was

considered to indicate a statistically significant difference.
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5.4 Accelerated chemoradiotherapy protocol for the treatment of

advanced canine head and neck squamous cell carcinoma

5.4.1 Patients

Seven dogs with histologically confirmed locally advanced oral SCC (n=2), tonsillar
SCC with regional lymph node metastasis (n=1), sino-nasal SCC (n=3) and nasal
planum SCC (n=1) and treated at the Animal Hospital of Postojna, Slovenia are
presented. A thorough physical examination, the complete blood count (CBC) and
the serum biochemical analysis with electrolytes were performed in all cases. Skull
and dental radiographs (n=2), abdominal radiographs and ultrasound (n=7) and head
and neck and thorax computed tomography (CT) (n=7) were performed for staging
and radiotherapy planning purposes. The complete diagnostic work-up and

chemoradiotherapy treatment was performed with dogs under general anaesthesia.

Premedication was performed using methadone (0.0125-0.05 mg/kg) and
medetomidine (0.3-0.5 mg/kg) i.m. General anaesthesia was induced using i.v.
propofol (1-3 mg/kg) to effect. The patients were intubated and maintained with
isofuorane or sevofluorane in an oxygen/air mixture (0.5 liter/min of each) using
Mapleson F anaesthetic circuit. Hemoglobin oxygen saturation, non-invasive blood
pressure, electrocardiography, end tidal CO,, heart and respiratory rates and body
temperature were monitored throughout the anaesthesia. Fluid homeostasis was

maintained by administration of Ringer’s lactate solution (3-5 ml/kg/h) i.v.

The diagnosis was confirmed in all cases through histopathological examination of
biopsies of the tumours. Tumours were staged according to the World Health
Organization (WHO) Tumour Node Metastasis system for classification of tumours

in domestic animals. Clinical stage for oral/tonsillar SCC tumours was classified as
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T1 (<2 cm), T2 (2-4 cm) or T3 (>4 cm), and substage a (no bone invasion), or
substage b (bone invasion) (Owen et al, 1980). Patients with sino-nasal tumours were
classified into 1 of 4 stages according to the Adams et al. (2009) classification
staging system. Stage 1 was tumour confined to one nasal passage, paranasal sinus
(maxillary recess and/or caudal recess), or frontal sinus with no bone involvement.
Stage 2 was tumour identified involving bone with no orbital, subcutaneous, or
submucosal mass. Stage 3 was involvement of the orbit or presence of a
subcutaneous or submucosal mass. Stage 4 was tumour extending into the

nasopharynx or cribriform plate.

5.4.2 Radiation therapy

A nine-day accelerated radiotherapy protocol with concomitant carboplatin
developed by Fidel et al. (2011) was used. Radiotherapy was performed with an
external beam megavoltage radiation. Radiation was delivered with a 6 MV linear
accelerator Elekta Philips 75/5 with treatments given twice daily for 7 treatment days
(Monday-Friday, Monday-Tuesday) in a 9-day period using 3.5 Gy fractions for a
total of 49 Gy with a minimum of 6 hours between fractions. Once the animals were
anaesthetised they were placed on the treatment table in the required position (lateral
or sternal) and secured to the table with adhesive tape. Treatment planning was
performed manually on all cases and field sizes and treatment prescription depths
were decided based on each case CT study. The clinical target volume (CTV) was
defined as the visible gross tumour volume (GTV), based on each CT study, together
with the ipsi-lateral regional mandibular and retropharyngeal lymph nodes and
empirical normal tissue cranio-caudal and dorso-ventral margins of a minimum 1-2
cm. An additional 7-10 mm margin was added around the CTV to define the planned
target volume in order to account for set up errors, geometrical uncertainties. All
dogs were treated with parallel-opposed beams. The isocenter was positioned in the

middle of the tumour volume in all cases. Only SAD (100cm) calculation techniques
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were used. A 0.5 cm or 1 cm tissue equivalent bolus material (Superflab) was used as

needed in most cases to improve the dose distribution at the surface.

Carboplatin was used as a radiosensitizer to a total dose of 300 mg/m? divided into
four increments (each 75 mg/m”) delivered before 1%, 4™, 8™ and 13" radiotherapy.
The chemotherapy was delivered as a 20-30 minutes intravenous infusion

approximately 1 hour before commencing radiotherapy treatment.

Support therapy included as required antibiotics, amoxicillin clavulanic acid (20
mg/kg q 12 hrs) in 4/7 dogs, metronidazole (20 mg/kg q 12 hrs) in 3/7 dog, non-
steroidal anti-inflammatory drug piroxicam (0.3 mg/kg q 24 hrs) in 1/7 dogs,
meloxicam (0.1 mg/kg q 24hrs) in 3/7 dogs or carprofen (4 mg/kg q 24 hrs) in 3/7
dog and other pain medications, tramadol (1-3 mg/kg q 12 hrs) in 2/7 dogs.

5.4.3 Follow-up

Appearance of tumours and tumour response was assessed during the treatment by
taking photographs for visual comparison. The first follow-up examination was
performed three weeks after completion of radiotherapy when all patients were
assessed for acute side effects. Follow-up information was obtained by examination
of the patients at the Animal Hospital of Postojna (AHP), Slovenia, or by telephone
contacts with owners or the referring veterinarians. Three-month intervals
examinations including complete clinical examination and regular thoracic
radiography to evaluate for distant metastasis were suggested to the owners to assess
the response to therapy. At 3-6 months intervals after completing the radiotherapy a
CT of the head and neck and thorax was performed in all dogs with SNSCC and in 2
dogs with oral/tonsillar SCC. For dogs that were not re-evaluated at AHP the

referring veterinarians and owners were contacted by phone about general health and
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tumour status and in case of death, if the cause was tumour-related or unrelated. The
tumour response was determined through physical examination and/or radiography
or CT and was defined, according to the Nguyen et al. (2015) response evaluation
criteria for solid tumours in dogs and determined as a complete response (CR;
complete regression of a tumour), partial response (PR; at least 30% reduction in the
tumour), stable disease (SD; less than 30% reduction or 20% increase in the tumour)
and progressive disease (PD; the appearance of new lesions or at least a 20%

increase in the tumour). Responders were defined as dogs with either CR or PR.

The time (days) from the first radiation therapy treatment to the time of the local
recurrence of a tumour and/or appearance of distant metastatic disease was defined
as time to progression (TTP) while the overall survival time (OS) was determining
the time (days) from the radiotherapy commencement to the date of a patient’s death
or the date of the last follow-up performed or the date of the data analysis for animals

still alive.

5.4.4 Toxicity assessment

Radiation toxicities, evaluating the acute and late radiation effects, were assessed
during radiation therapy and according to the examinations performed and/or
owner’s reports monthly. Veterinary radiation treatment oncology group (VRTOG)
morbidity-scoring scheme for both early and late effects was used to score the
radiation toxicity effects (LaDue & Klein, 2001) and Veterinary Cooperative
Oncology Group Common Terminology for Adverse Events (VCOG-CTAE vl,

2011) was used for grading the chemotherapy toxicities.
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6 RESULTS

6.1 Complete blood count parameters and indices in canine

inflammatory and neoplastic head and neck conditions

6.1.1 Univariate analysis of complete blood count parameters and indices (N/L,
P/ and MPV/PLT ratios, PLCRi) of healthy dogs, dogs with stage 3,4 PD
(moderate to advanced periodontitis) and dogs with neoplastic head and neck

conditions

Table 2 Patients profile

Variable HD (n=71) Stage 3,4 PD (n=73) NHNC (n=92) P

WBC 9.19(3.89-16.4) 8.3(3.9-21.5) 11.15 (4.5 - 28.9) <0.001
RBC 6.67 (4.38 - 8.8) 7.07 (4.38 - 8.85) 6.63(4.25-9.4) 0.009
HGB 15.6 (11-19.6) 15.5(9-20) 14.25 (8.4 - 24.5) <0.001
HCT 0.45(0.32 - 0.55) 0.45(0.27 - 0.56) 0.42 (0.26 - 0.58) <0.001
MCV 66.8 (59.6 - 91.6) 64.1(57.3-91.6) 62.7 (51.7-70.2) <0.001
MCH 23.1(21.2-33.1) 22.5(11.1-33.1) 21.8(1.4-24.7) <0.001
MCHC 35(31.5-37.2) 349 (31.9-37.1) 34.7 (20.7 - 36.7) 0.097
PLT 330 (202 - 446) 354 (135 - 655) 342 (108 - 767) 0.034
LYM 23(1-3.87) 1.6 (0.7 - 2.8) 1.25(0.3-3.4) <0.001
NEU 6.4 (2.35-11.52) 6.3(2.5-16.7) 9.1 (3.5-24.9) <0.001
EOS 0.34(0.12 - 1.4) 0.5(0.1-2.7) 0.75(0.16 - 2.3) <0.001
RDW-SD 34.2(30.6 - 53.1) 35.2(30.5-52.1) 35.7 (31 -46.7) <0.001
RDW-CV 12.6 (10.4 - 24.5) 12.2(9.8-37.1) 12.95(10.1 - 22) 0.001
PDW 13 (8.5-17.6) 12.2(7.4 - 23.8) 12.25(9-222) 0.170
MPV 6.3(5.1-13.1) 10.9 (7.6 - 13.3) 10.4 (0.2 - 20.6) <0.001
P-LCR 32.6 (12.7-53.7) 31.7(8.2-55.5) 29.55(0.43 - 63.5) 0.560
N/L 2.7(1.61-4.43) 4.09(1.18-11.3) 8.59 (1.86 - 30.7) <0.001
P/L 14531 (73 - 315.3) 224 (75 - 696) 290.5 (62.13 - 1051) <0.001
MPV/PLT 2.2(1.28-5.99) 2.9(1.5-9.26) 3.04 (0.08 - 9.26) <0.001
P-LCRi 47.41 (15.24 - 98.9) 69.18 (25.23 - 145.4) 90.04 (9.46 - 221.01) <0.001

E3
Kruskal-Wallis test; Values represent median values.
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Legend; HD: healthy dogs; PD: dogs with periodontal disease; NHNC: dogs with
neoplastic head and neck conditions; WBC: white blood cells, RBC: red blood cells;
HGB: haemoglobin, HCT: haematocrit, MCV: mean corpuscular volume; MCH:
mean corpuscular haemoglobin; MCHC: mean corpuscular haemoglobin
concentration, PLT: platelet count, LYM: lymphocyte count, NEU: neutrophil count,
EOS: eosinophil count, RDW-SD: red cell distribution width standard deviation,
RDW-CV: red cell distribution width expressed as coefficient of variation; PDW:
platelet distributed width, MPV: mean platelet volume, P-LCR: platelet large cell
ratio, N/L: neutrophil to lymphocyte ratio, P/L: platelet to lymphocyte ratio,
MPV/PLT: mean platelet volume to platelet count ratio; P-LCRi: adjusted platelet to
lymphocyte ratio for large platelets

The results of the parameters investigated were preliminary explored by univariate
statistical analysis (Kruskal-Wallis test) and revealed significant differences in the
CBC parameters (WBC, HGB, HCT, MCV, MCH, LYM, NEU, RDW-SD, MPV)
and indices (N/L ratio, P/L ratio, MPV/PLT ratio, PLCRi) when comparing healthy
controls, dogs with stage 3,4 PD (moderate to advanced periodontitis) and dogs with
NHNC (p<0.05). The N/L ratio of healthy dogs was 2.7, of dogs with stage 3,4 PD
(moderate to advanced periodontitis) 4.09 and of dogs with NHNC 8.59. The N/L
index of dogs with NHNC was approximately 3 times higher in comparison with
healthy controls and 2 times higher in comparison with dogs affected with stage 3,4
PD (moderate to advanced periodontitis). Healthy controls exhibited the lowest P/L
ratio of 145.31 while P/L ratio of diseased dogs was detected to be higher with stage
3,4 PD (moderate to advanced periodontitis) affected dogs having a ratio of 224 and
dogs with NHNC diagnosed with the highest P/L ratio of 290.5. MPV/PLT ratio of
healthy dogs was 2.2. Dogs with stage 3,4 PD (moderate to advanced periodontitis)
and dogs with NHNC exhibited similar values of MPV/PLT ratio (2.9 and 3.04
respectively). PLCRi was the lowest in healthy dogs (47.41) and the highest in dogs
with NHNC (90.04). Dogs with stage 3,4 PD (moderate to advanced periodontitis)
had the PLCRIi of 69.18. No significant differences in the MCHC, PLT, PDW and P-
LCR parameters were detected. The significant differences in RBC, RDW-SD and
RDW-CV between groups were detected. Despite significant differences detected the

values were still in the reference ranges.
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6.1.2 Multivariate analysis of complete blood count indices (N/L, P/L. and
MPV/PLT ratios, PLCRI) of healthy dogs, stage 3,4 PD (moderate to advanced

periodontitis) and dogs with neoplastic head and neck conditions

Table 3: Multivariate analysis of CBC indices (N/L, P/L and MPV/PLT ratios,
PLCRi) between healthy dogs, stage 3,4 PD (moderate to advanced periodontitis)
and dogs with neoplastic head and neck conditions

Variable PDvs. HD NHNC vs. HD NHNC vs.PD

OR (95 % CI) P OR (95 % CI) P OR (95 % CI) P
N/L 1.48 (0.98-2.23) 0.061 2.27(1.49-3.47) <0.001 1.54(1.29-1.82) <0.001
P/L 1.02 (1.01 -1.03) <0.001 1.01(1.01-1.02) <0.001 0.99 (0.99-1.00) 0.006

MPV/PLT 2.58 (1.67-3.97) <0.001 2.10(1.28-3.46) 0.004 0.82(0.56-1.19) 0.298

P-LCRi 1.00 (0.98-1.02) 0.804 1.02(1.00-1.04) 0.039 1.02(1.01-1.03) 0.005

Table 3 represents the results of polytomous logistic regression analysis of CBC
indices (N/L, P/L, MPV/PLT ratios and PLCRIi) revealing significant differences of
CBC indices (N/L, P/L and MPV/PLT ratios and PLCRi) between groups of dogs

investigated.

N/L ratio

Although dogs with 3,4 PD (moderate to advanced periodontitis) exhibited higher
N/L ratio in comparison with healthy controls the difference was not significant
(p=0.061) but the values was close to statistical significance. Significant difference in
N/L ratio between healthy controls and dogs with NHNC was confirmed (p<0.001).
Significant differences in N/L ratio between dogs with stage 3,4 PD (moderate to
advanced periodontitis) vs dogs with NHNC were also detected with dogs affected

with stage 3,4 PD (moderate to advanced periodontitis) exhibiting significantly lower
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N/L ratio in comparison with dogs with NHNC which exhibited the highest N/L ratio
among all groups of dogs investigated (p<0.001).

P/L ratio

According to multivariate statistical analysis P/L ratio was significantly different
between groups of dogs investigated. Both groups of dogs with inflammatory and
NHNC exhibited significantly higher P/L ratio in comparison with healthy controls
(p<0.001). The significant difference was detected also when comparing dogs with
stage 3,4 PD (moderate to advanced periodontitis) and dogs with NHNC but the

significance was less pronounced (p<0.006).

MPV/PLT

The ratio between MPV and PLT (MPV/PLT) was significantly different when
comparing dogs with stage 3,4 PD (moderate to advanced periodontitis) and NHNC
with healthy controls (p<0.001; p=0.004, respectively). Due to similar MPV/PLT
ratios of dogs with moderate to advanced periodontitis (stage 3 to 4 PD) and NHNC

no significant differences between groups were detected.

PLCRi

Less significant differences between groups of dogs investigated were found for
PLCRI. No significant differences in PLCRi between healthy control dogs and dogs
with stage 3,4 PD (moderate to advanced periodontitis) were determined (p=0.804)
When comparing dogs with NHNC with healthy controls and dogs with stage 3,4 PD
(moderate to advanced periodontitis) significant differences were found (p=0.039,

p=0.005, respectively).
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Figure 2: N/L, P/L, MPV/PLT ratios and PLCRi between groups of dogs
investigated. N/L and PLCRi were significantly different between dogs with PD and
NHNC and between healthy dogs and dogs with PD. P/L was significantly different
between all groups of dogs investigated. MPV/PLT was significantly different
between healthy dogs and dogs with PD and between healthy dogs and dogs with
NHNC. * indicates significant difference.

Healthy dogs always exhibited the lowest values of CBC indices while dogs with
NHNC were demonstrated with the highest values of parameters investigated. The
values of N/L, P/L, MPV/PLT ratios and PLCRIi of dogs with stage 3,4 PD (moderate
to advanced periodontitis) were always between the values of healthy controls and

the values of dogs with NHNC.
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6.1.3 Univariate analysis of complete blood count indices (N/L, P/L and
MPV/PLT ratios, PLCRIi) and overall survival of dogs with different types of

head and neck tumours

Table 4: Univariate analysis of complete blood count indices (N/L, P/L and
MPV/PLT ratios, PLCRi) and overall survival of dogs with different types of head

and neck tumours

Variable Carcinoma (n=31) | Melanoma (n=19) Sarcoma (n=24) Epulis (n=18) P
N/L 11 (1.86 - 24.75) 9.8 (3.8-30.7) 6.58 (3.27-17) 3.75(.28 - 14.2)  <0.001
P/L 298 (62.13 - 1051) 380 (100.6 - 591) 265 (120 - 610) 278.6 (73.7-771.7) 0.070

MPV/PLT  3.09 (1.13 - 9.26) 2.67 (2.06 - 7.5) 3.19 (1.61 - 7.98) 3.02(0.08 -4.47)  0.549
P-LCRi 100.9 (9.46 - 210.4) 125.5(68.9 - 221.0) 65.0(28.39 -178.61) 77.08 (23.6 - 147.4) <0.001

oS 232 (35-1143) 216 (31 - 635) 193.5 (81 - 1055) 912 (405 - 1668)  <0.001

The table 4 represents the results of univariate statistical analysis (Kruskal-Wallis
test) revealing differences of CBC indices (N/L, P/L and MPV/PLT ratios and
PLCRi) between groups of dogs with different types of head and neck tumours

investigated.

No significant differences in P/L and MPV/PLT between groups of dogs with NHNC
were detected but significant differences were confirmed for N/L ratio, PLCRi and
overall survival (p=0.001). The lowest N/L ratios were demonstrated in dogs with
oral benign lesions in comparison with dogs with malignant HNC. The N/L ratio of
dogs with benign oral lesions was similar to the N/L ratio of dogs affected with stage
3,4 PD (moderate to advanced periodontitis) (Table 2 and Table 4). Univariate
statistical analysis confirmed the differences in PLCRi between groups of dogs

investigated. The lowest PLCRi values were detected in dogs with epulides and
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sarcomas while the highest values were demonstrated in dogs with carcinomas and

melanomas (Table 4).

According to the univariate and multivariate statistical analysis the overall survival
of dogs with benign oral lesions was significantly longer in comparison with dogs
with malignant HN conditions. Significant differences when comparing a group of
dogs with benign lesions with a group of dogs with carcinomas or melanomas or

sarcomas were detected (p<0.001).
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Figure 3: N/L, P/L and MPV/PLT ratios, PLCRi and overall survival comparing
groups of dogs with different head and neck tumour types.
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6.1.4 Multivariate analysis, investigating the impact of complete blood count
indices (N/L, P/LL and MPV/PLT ratios, PLCRIi) on overall survival of dogs with

neoplastic head and neck conditions

Table 5: Multiple linear regression analysis investigating the impact of variables
(N/L, P/L and MPV/PLT ratios, PLCRi) on overall survival in dogs with neoplastic

head and neck conditions.

Variable Coef. SE (Coef.) P

N/L -5.20 6.66 0.437
P/L -0.05 0.24 0.847
MPV/PLT 4.26 25.68 0.869
P-LCRi -0.75 0.74 0.311

The results of multiple linear regression analysis are revealing no significant impact
of variables (N/L, P/L and MPV/PLT ratios and PLCRi) on the overall survival of
patients investigated (Table 5). According to univariate and multivariate statistical
analysis dogs affected with benign lesions had significantly longer OS survival in
comparison with dogs affected with neoplastic head and neck conditions (p<0.001).
Patients with benign lesions with significantly longer OS exhibited the lowest values
of the CBC indices in comparison with dogs with NHNC where the values of CBC
indices were demonstrated to be higher. There were no significant differences in OS
between groups of dogs with different tumours types (carcinoma, melanoma,
sarcoma) and this is ascribed to the comparable overall survival of all dogs (193-232
days) with these types of head and neck neoplasia. According to multiple linear
regression statistical analysis the impact of N/L, P/L, MPV/PLT ratios and PLCRi on
the overall survival of investigated group of dogs with neoplastic head and neck

conditions was not confirmed.
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Figure 4: Relationship between overall survival and CBC indices (P/L ratio, N/L

ratio, MPV/PLT ratio and PLCRi) of dogs with neoplastic head and neck conditions.

x-axis indicates the values of CBC indices investigated. y-axis is presenting the

overall survival time (days).
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6.2 Systemic levels of Tregs and other lymphocyte T and B cell sets and
subsets in dogs with stage 1 PD (gingivitis) and dogs with stage 3,4 PD

(moderate to advanced periodontitis)

6.2.1 Patients

A group of dogs with stage 1 PD (gingivitis) consisted of 22 dogs. 17 dogs (77%)
were mixed breed dogs and 5 (22%) were pure breed dogs. There were 12 males (7
neutered and 5 intact) and 10 females (5 neutered and 5 intact). The mean age of
dogs with stage 1 PD (gingivitis) was 8.1+2.6 years (range 5-12 years) and the mean
weight was 16.5£8.6 (range 6.1-29.4 kg). A group of dogs affected with stage 3,4 PD
(moderate to advanced periodontitis) consisted of 27 dogs. There were 22 mixed
breed dogs (81%) and 5 pure breed dogs (19%). There were 18 females (15 neutered
and 3 intact) and 9 males (7 neutered and 2 intact). The mean age of patients with
stage 3,4 PD (moderate to advanced periodontitis) was 10.2+2.4 years (range 7-12
years) and the mean weight was 7.6+ 4.9 (range 5.1-17.4 kg) (Table 6). There was a
significant difference between the average age and weight of the dogs (p<0.05).
Dogs with stage 3,4 PD (moderate to advanced periodontitis) were older and
weighed less in comparison with dogs with stage 1 PD (gingivitis). All dogs
investigated were pet dogs. Dogs of both of the groups investigated were otherwise
healthy and no other systemic diseases that could have an effect on the parameters

investigated were detected.
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Table 6: Characteristics of dogs with stage 1 PD (gingivitis) and dogs with stage 3,4

PD (moderate to advanced periodontitis)

Variables Dogs with stage 1 PD (n=22) | Dogs with stage 3 to 4 PD (n=27)

Mixed breed 17 (77%) 22 (81%)
Pure breed 5(22%) 5(19%)
Male 12 9

Neutered 7 7

Intact 5 2
Female 10 18

Neutered 5 15

Intact 5 3
Mean age 8.1 +/- 2.6 years (5-12 years) 10.2+/-2.4 years (7-12 years)
Mean weight 16.5 +/- 8.6 kg (6.1-29.4 kg) 7.6+/-4.9 kg (5.1-17.4 kg)

6.2.2 Periodontal status

22 dogs were affected with stage 1 PD and 27 dogs with stage 3,4 PD (moderate to
advanced periodontitis) with 25-50% or >50% of the teeth were affected. When
comparing both groups of dogs investigated (dogs with stage 1 PD and dogs with
stage 3,4 PD) there were evident changes in the values of clinical parameters of
periodontitis. The values of plaque index (PI), bleeding on probing (BOP), gingival
index (GI) and periodontal pocket depth (PPD) are presented in Table 7. Dogs with
stage 3,4 PD (moderate to advanced periodontitis) were diagnosed with higher values
of clinical parameters associated with periodontitis in comparison to dogs with stage
1 PD (gingivitis). There were significant differences in these values between the two
groups. Dogs with stage 3,4 PD (moderate to advanced periodontitis) compared to

dogs with stage 1 PD (gingivitis) had more plaque and calculus formation, more
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pronounced inflammation of gingiva and bleeding on probing as well as deeper
periodontal pockets. The values obtained for the group of dogs with stage 1 PD
(gingivitis) confirmed a relatively healthy periodontium in 22.9% (5/22) of dogs
where only localized gingivitis was detected. 77.1 % of dogs (17/22) had generalized

gingivitis without clinical attachment loss (Table 7).

Based on the cytological examination of fine needle aspiration (FNA) of regional
lymph nodes the cellular population consisted of small mature lymphocytes and
lymphoblasts with low to moderate numbers of plasma cells, macrophages,
monocytes and neutrophils in the majority of dogs with moderate to advanced

periodontitis (stage 3,4 PD).

Table 7: Values of clinical parameters of periodontitis (PI, BOP GI and PPD) of
dogs with stage 1 PD (gingivitis) and dogs with stage 3,4 PD (moderate to advanced

periodontitis).
Stage 1 PD (n=22) Stage 3,4 PD (n=27)
Variables P-value
Mean = SD Mean = SD
PI 0.32+0.58 0.92+0.48 <0.001
BOP 0.20 £0.41 0.52 +0.53 <0.001
GI 0.32+0.40 0.72+0.70 <0.001
PPD (mm) 1.5+0.71 52+0.54 <0.001

Mann-Whitney test; statistical significance at p<0.005; PD = periodontal disease; PI = plaque index;
BOP = bleeding on probing; GI = gingival index; PPD = periodontal pocket depth (measured at 4

sites; distal, mesial, buccal and palatinal/lingual)
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6.2.3 Results of flow cytometric analysis

Peripheral blood and regional lymph node samples were collected from dogs with
stage 1 PD (gingivitis) and dogs with stage 3,4 PD (moderate to advanced
periodontitis) and evaluated to determine the peripheral blood Tregs (CD4 CD25"
and CD4 CD25'FOXP3") and other lymphocyte subpopulations (CD4", CD8" and
CD5" T cell-subsets and CD21" B cells) expressed as the percentage of each cell
type. Tregs were expressed as the percentage of CD4  expressing CD25"
(CD4'CD25") and CD4'CD25"  Tregs expressing FOXP3"  cells

(CD4'CD25 FOXP3") within the overall CD4" T cell population.
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Figure 5: Peripheral blood mononuclear cells (PBMCs) were used in a two colour flow-cytometric
analysis to identify surface expression of CD4, CD25 and intracellular expression of transcription
factor FOXP3 in dogs with stage 1 PD (control) and dogs with stage 3,4 PD (moderate to advanced
periodontitis). Lymphocytes of dogs with stage 1 PD and dogs with stage 3,4 PD were stained with
anti-CD4 in the FITC channel (x-axis) and anti-CD25 in the PE channel (y-axis). Two-parameter
(dual-colour fluorescence) histogram represents cells that were first gated on a forward/side scatter
plot to specify the lymphocyte population for further analysis. Cells negative for both markers (CD4
and CD25) are on the bottom left, CD4 positive cells are on the bottom right and CD25 positive cells
on the top left. Cells positive for both markers (CD4'CD25" cells) are on the top right (R2) and those
were used in subsequent analysis of CD4 CD25" cells expressing FOXP3. A histogram for FOXP3
gated on the CD4'CD25" population shows CD4'CD25" cells expressing FOXP3. The intensity of the
fluorescence increases from left to right (x-axis) and from bottom to top (y-axis). The two histograms
present results of the FOXP3 expression in CD4 CD25" Tregs individually. The x-axis represents the
intensity of the fluorescence, the y-axis the number of cells. The bar stands (M1) for the amount of

FOXP3 positive cells.
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6.2.3.1 Peripheral blood regulatory T cells and other lymphocyte subpopulations
investigated by flow cytometry in dogs with stage 1 PD (gingivitis) and dogs with

stage 3,4 PD (moderate to advanced periodontitis)

Table 8: Complete blood count parameters (CBC) and peripheral blood regulatory T
cells and other lymphocyte subpopulations in dogs with stage 1 PD (gingivitis) and

canine patients with stage 3,4 PD (moderate to advanced periodontitis)

Stage 1 PD (n=22) Stage 3,4 PD (n=27)
Variable P-value
Mean + SD Median Mean + SD Median
WBC (x10°/L) (ref. 6-15) 13.0£2.8 12.4 (8.6-18.4) 10.4£5.5 9.3 (3.7-26.2) 0.009
LYM (%) (ref. 13-30) 23.0£8.1  24.1(11.9-36.2) 16.1x15.6  15.6(7.7-26.7)  0.012
LYM (x10°/L) (ref. 1-3.6) 2.9+1.1 2.7 (1.5-6.1) 1.7£0.6 1.7(0.7-2.8)  <0.001
CD5" (%) 59.4+14.8  62.9 (30.7-83.1) 12.8+4.0  12.8(4.2-20.8) <0.001
CD21" (%) 22.9+139  21.4(5.2-54.8) 4.442.6 4.6 (0.7-10.9)  <0.001
CD4" (%) 35.7£9.0  34.9(18.6-55.0) 9.5+2.3 9.4 (6.1-14.1)  <0.001
CD8" (%) 20.0£9.3 19.0 (7.6-39.6) 4.4+1.8 43 (1.1-74)  <0.001
CD4/8 1.7£1.1 1.83(0.8-31.4) 2.1£1.2 2.1(1.2-5.9) 0.052
CD4'CD25" (%) 16.9+7.1 14.89 (8.0-31.4) 52424 53(1.1-9.2)  <0.001
CD4'CD25'FOXP3" (%) 34.1£7.6  33.1(20.3-51.7)  20.9+£8.6  17.8(9.8-34.7) <0.001

Values represent mean + SD and median values; Mann-Whitney test; statistical significance at

p<0.005.
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6.2.3.2 Regional lymph node regulatory T cells investigated by flow cytometry in
dogs with stage 1 PD (gingivitis) and dogs with stage 3,4 PD (moderate to advanced

periodontitis)

Table 9: Regional lymph node regulatory T cells investigated by flow cytometry in
dogs with stage 1 PD (gingivitis) and canine patients with stage 3,4 PD (moderate to

advanced periodontitis).

Stage 1 PD (n=22) Stage 3,4 PD (n=27)
Variable (%) P-value
Mean £ SD Median Mean £ SD Median
CD4" 39.2448.1 34.9 (18.6-55.0)  44.6+12.68 51.56 (29.23-70.2)  0.023
CD4'CD25" 33.27+4.1 22.77 (7.0-34.4)  4.94+2.41 5.23 (3.43-6.8) <0.001
CD4'CD25'FOXP3"  41.42+54  49.13 (21.3-66.6) 13.45£9.25 11.58(3.81-19.3)  <0.001

Values represent mean + SD and median values; Mann-Whitney test; statistical significance at

p<0.005.

72



25
35
I

30
1

25
1

WBC (x 10°/L)
10 15
LYM (%)
15 20

10
1

Stage 1 PD Stage 3,4 PD Stage 1 PD Stage 3,4 PD

LYM (x 10°/L)
3
| *

Stage 1 PD Stage 3,4 PD

Figure 6: Absolute numbers of white blood cells (WBC), the relative and absolute number of
lymphocytes of dogs with stage 1 PD (gingivitis) and dogs with stage 3,4 PD (moderate to advanced

periodontitis). * indicates significant difference between groups of dogs investigated.

No statistically significant differences in the absolute number of white blood cells
and the relative numbers of lymphocytes were detected between dogs with stage 1
PD (gingivitis) and dogs with stage 3,4 PD (moderate to advanced periodontitis)
(p=0.009; p=0.012, respectively). Significant decrease of the absolute numbers of
lymphocytes in dogs with stage 3,4 PD (moderate to advanced periodontitis) in
comparison with dogs with stage 1 PD was detected (p<0.001) (Table 8; Figure 6).
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Figure 7: Percentage of peripheral blood CD5" T lymphocytes, CD21" B lymphocytes, CD4 " helper T
cells, CD8" cytotoxic T cells and CD4/8 ratio dogs with stage 1 PD (gingivitis) and dogs with stage
3,4 PD (moderate to advanced periodontitis). * indicates significant difference between groups of

dogs investigated.

74



Significant differences in peripheral blood T and B cell sets and subsets were
detected in dogs with stage 1 PD (gingivitis) and stage 3,4 PD (moderate to advanced
periodontitis). The percentages of CD5", CD4", CD8" T-cell subsets and CD21" B
cells were significantly decreased in dogs with stage 3,4 PD (moderate to advanced
periodontitis) as compared to dogs with stage 1 PD (gingivitis). The mean
percentages of CD5", CD4", CD8" T-cell subsets and CD21" B cells in dogs with
stage 1 PD (gingivitis) were 59.42% (£ 1.84), 35.72% (£ 9.05), 20.01% (£ 9.33) and
22.9% (£ 13.97), respectively. The mean percentages of CD5", CD4", CD8" T-cell
subsets and CD21" B cells in dogs with stage 3,4 PD (moderate to advanced
periodontitis) were 12.89% (+ 4.02), 9.56% (+ 2.39), 4.48% (+ 1.89), 4.40% (+
2.63), respectively. The mean ratio of CD4/8 in dogs with stage 3,4 PD (moderate to
advanced periodontitis) was 2.14 (£1.25) versus 1.78 (£1.13) of dogs with stage 1
PD (gingivitis) and was not significantly altered (P=0.052) (Table 8; Figure 7).

3 CD4'CD25" (%) g CD4'CD25"
N _ FOXP3'(%)
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Figure 8: Percentage of peripheral blood regulatory T cells CD4'CD25" and CD4'CD25 FOXP3"
dogs with stage 1 PD (gingivitis) and in dogs with stage 3,4 PD (moderate to advanced periodontitis).

* indicates significant difference between groups of dogs investigated.
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Significant differences in peripheral blood of Tregs were detected in dogs with stage
1 PD (gingivitis) and stage 3,4 PD (moderate to advanced periodontitis). Dogs with
stage 3,4 PD (moderate to advanced periodontitis) were diagnosed with significantly
lower percentages of Tregs (CD4'CD25" and CD4'CD25 FOXP3") in the blood as
compared to dogs with stage 1 PD (gingivitis) (p<0.001). The mean percentage of
total CD4'CD25" (including CD4" T cells expressing low-medium-high CD25) in
the blood of dogs with stage 3,4 PD (moderate to advanced periodontitis) was 5.24%
(£ 2.45) versus 16.97% (£ 7.12) in the blood of control dogs (p<0.001). The mean
percentage of CD4 CD25" expressing FOXP3" in the blood of dogs with stage 3,4
PD (moderate to advanced periodontitis) was 20.97% (+ 8.65) versus 34.18% (=
7.62) in the blood of dogs with stage 1 PD (gingivitis) (P<0.001) (Table 8). Of the
total population of CD4'CD25" T cells of dogs with stage 1 PD (gingivitis),
approximately 1/3 (33.11%) were CD4'CD25" T cells expressing FOXP3.
CD4'CD25" T cells expressing FOXP3 represented 4.96% of all CD4'CD25" T cells
and 1.75 % of all CD4" T cell population in peripheral blood (Table 8; Figure 8).

Dogs with stage 3,4 PD (moderate to advanced periodontitis) were diagnosed with
significantly lower percentages of regional lymph node Tregs in comparison with
dogs with stage 1 PD (p<0.001). The mean percentage of total CD4'CD25" in the
regional lymph nodes of dogs with stage 3,4 PD (moderate to advanced periodontitis)
was 4.94% (+ 2.41) versus 33.27% (£ 4.13) in the lymph nodes of dogs with stage 1
PD (gingivitis). The mean percentage of CD4 CD25 FOXP3" in the regional lymph
nodes of dogs with stage 3,4 PD (moderate to advanced periodontitis) was 13.45% (+
9.25) versus 41.42% (£ 5.47) in the regional lymph nodes of dogs with stage 1 PD
(gingivitis) (Table 9). The values of Tregs in regional lymph node in comparison
with peripheral blood CD4'CD25" and CD4'CD25 FOXP3" Tregs of dogs with
stage 1 PD (gingivitis) were slightly higher. The same was true when comparing the
values of regional lymph node Tregs with peripheral blood Tregs of dogs with stage
3,4 PD (moderate to advanced periodontitis) where similar reduction of CD4'CD25"
and CD4'CD25 ' FOXP3" Tregs were demonstrated.
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There was a high positive correlation between regulatory T cells (CD4 CD25" and
CD4'CD25'FOXP3" Tregs) in dogs with stage 3,4 PD (moderate to advanced
periodontitis) (r=0.71; p=0.006). The correlations between CD4", CDS", CD21",
CDS5"and CD4'CD25" (r=0.94, r=0.91; 1=0.97; r=0.81, respectively) were interpreted
as very high. The differences were statistically significant (p<0.00001). Less
correlations, interpreted as moderate to high, were detected between CD4', CD§",
CD21", CD5" and CD4'CD25 FOXP3 (1=0.52, p=0.002; r=0.38, p<0.00001; r=0.45,
p=0.008; r=0.27, p=0.12, respectively).
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6.3 Immunohistochemical expression of Ki-67 and VEGFR-2 in canine

inflammatory, benign and malignant head and neck conditions

6.3.1 Epidemiology and clinical history

Fifty-four cases of canine inflammatory, benign and malignant head and neck
conditions (the majority were surgical samples) met the inclusion criteria. Clinical
records were complete in all cases as all the patients with inflammatory, benign and
malignant head and neck conditions were treated at Animal Hospital Postojna,
Slovenia. Follow-up was available for all of them. There were 25 males (46%) and
29 (54%) females and the median average age was 12.7 years (range, 7 to 15 years).
9 males were castrated and 14 females were spayed. There were 26 mixed breed and

28 pure breed dogs.

Dogs with inflammatory and benign oral conditions represented 37% of cases
(20/54) while dogs with malignant head and neck conditions represented 63% of
cases (34/54). Benign cases consisted of epulis (n=11) and stomatitis (n=9) cases,
representing 21% and 17% of all cases, respectively. Malignant head and neck cases
consisted of 17 epithelial neoplasia (7 SNSCC, 10 oral SCC) and 7 malignant
melanoma and 10 oral sarcoma cases. Oral sarcomas consisted of 6 oral
osteosarcomas, 1 oral chondrosarcoma, 1 oral mixosarcoma, 1 oral
rhabdomyosarcoma and 1 oral anaplastic sarcoma. Of 9 oral SCC there were 4
affecting the maxilla, 3 the mandible and 2 the tongue. All malignant melanomas
were arising from the oral cavity affecting the mandible (3) or maxilla (3) with one
affecting the buccal mucosa. Osteosarcomas were affecting the mandible (n=6) and

maxilla (n=4) (Table 10).
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Regional lymph nodes metastases were present in 6 of 34 (18%) malignant cases (in
4 dogs with MM, 1 dog with rhabdomyosarcoma and 1 dog with oral SCC). Distant
metastases were presented in 4 of 34 (12%) malignant cases, that is in 3 dogs with

oral MM and in 1 dog with oral rhabdomyosarcoma. All had pulmonary metastases.

At clinical presentation 5 of 34 (15%) dogs had stage I, 12 (35%) dogs stage II, 13
dogs (38%) stage III and 4 (12%) dogs stage IV. More specifically, among 17 dogs
with epithelial tumours 3 (18%) had stage I, 6 (35%) stage 11, 5 (29%) stage III and 3
(18%) stage IV. Among dogs with MM and sarcomas, 2 of 17 dogs (12%) had stage
I, 6 (35%) stage 11, 8 (47%) stage Il and 1 (1%) stage IV.

Table 10: Distribution of dogs according to the type of inflammatory, benign and

malignant head and neck conditions.

Inflammatory, benign and malignant HN conditions in dogs N=54
Inflammatory and benign HN conditions 20 (37%)
Benign (epulides) 11(21%)
Inflammatory (stomatitis) 9 (17%)
Malignant HN conditions 34 (63%)
Epithelial (SCC) 17
Oral 10 (18%)
SN (sinonasal) 7 (13%)
MM + sarcoma 17
MM (malignant melanoma) 7 (13%)
SAR (sarcoma) 10 (18%)
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6.3.2 Histopathological characteristics of inflammatory, benign and malignant

head and neck conditions in dogs

Epulides

The neoplasms were composed of loosely arranged streams of spindle to stellate cells
separated by abundant collagen matrix within a well-vascularized stroma. Neoplastic
cells had indistinct borders with scant to moderate amounts of eosinophilic fibrillary
cytoplasm. Nuclei were irregularly oval to elongate with moderately stippled
chromatin and an indistinct nucleolus. The mitotic rate was less than 1/10 HPF.
There were rare small subepithelial and perivascular accumulations of plasma cells,

fewer lymphocytes and occasional neutrophils. No necrosis was present.

Stomatitis

Superficial portion of mucosa was characterized by moderate epithelial hyperplasia
associated with mild to moderate chronic infiltrates and lymphocytic exocytosis on
the epithelial basal layer. The underlying stroma was composed of fibrous tissue with

mild perivascular lymphoplasmacytic infiltrate.

Sinonasal/oral SCC

The samples were composed of atypical proliferation of neoplastic epithelial cell
population arranged in cords and nests supported by a moderate fibro-vascular
stroma. Neoplastic cells were polygonal, with poorly or moderately defined borders
with moderate to abundant eosinophilic cytoplasm. Nuclei were round with marginal
chromatin and a central round evident nucleolus. Anisocytosis and anisokaryosis
were moderate and mitoses ranged from 0-24 per 10/HPF. Neoplastic cells showed

diffuse squamous differentiation with accumulation of keratin. In the stroma and
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associated keratin a mixed inflammatory population, composed mainly from

neutrophils and occasional lymphocytes and plasma cells was present.

Osteosarcoma

The samples were composed of polygonal to spindle cells arranged in short
interlacking streams and bundles often surrounding foci of eosinophilic homogenous
to fibrillary matrix (tumour osteoid). Neoplastic cells had poorly demarcated cell
borders and scant cytoplasm. Nuclei were ovoid and contained ovoid nuclei with
stippled chromatin and 1-2 prominent nucleoli. Anisocytosis and anisokaryosis were
present. Mitoses ranged from 2-18 per 10/HPF. Scattered throughout the neoplasm

there were necrotic areas and few multicentre giant cells (osteoclasts).

Malignant melanoma

Atypical cellular population organized in nests and irregular bundles was observed.
The cells, with occasional poorly defined cell borders by moderate to abundant
cytoplasm with occasional melanin granules were characterized. The nuclei were
round to ovoid with a prominent nucleolus. The cells were highly pleomorphic with
moderate to abundant eosinophilic cytoplasm and a round central nucleus with a
prominent nucleolus. Some cells were multinucleated as well. Ansiocytosis and
anisokaryosis were moderate to severe. The number of mitoses ranged from 0-24 per
10/HPF. There was also a mild to moderate amount of eosinophilic fibrillary matrix
and multifocal areas of oedema and inflammation (eosinophils, lymphocytes,

macrophages and occasional plasma cells).

Presence of necrosis

62% (21/34) of malignant head and neck tumours were negative for the presence of

necrosis. 29% (5/17) of epithelial tumours and 47% (8/17) of MM and sarcoma cases
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revealed the presence of necrosis. No significant differences in the presence of
necrosis between head and neck carcinomas and MM and sarcoma cases were

detected.

The number of mitosis

The number of mitoses ranged from 1 to 24 per 10/HPF. The mean number of
mitoses in the majority of tumours was 1-6 per 10/HPF. No significant differences in
the number of mitoses between head and neck carcinomas and MM and sarcoma

cases were detected.

Tumour grade

53% of epithelial tumours were grade 1 (9/17) and 47% (8/17) were grade II. No
grade III was detected. Among MM and SAR cases, 59% (10/17) were low grade.
There were 6 low grade SAR and 4 low grade MM. There were 7 high grade tumours
(grade III tumours) consisting of 3 MM and 4 SAR (Table 11).

Table 11: Distribution of malignant head and neck tumours according to

grade.
Variable Epithelial tumours (n=17/34) | MM (n=7/34) | Sarcoma (n=10/34)
Grade I (low) 9 (26%) 4 (12%) 6 (18%)
Grade II (intermediate) 8 (23%) 0 (0%) 0 (0%)
Grade III (high) 0 (0%) 3 (9%) 4 (12%)
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Figure 9: The difference between grade I (panel A) and grade II (panel B) of the head and

neck squamous cell carcinoma on H&E stained tissue samples.

Panel A: Numerous cells with defined borders, eosinophilic cytoplasm with centrally placed nuclei are
present. Nuclei are round, central, with finely stippled chromatin and a central round basophilic
nucleolus. Anisocytosis and anisokaryiosis are moderate. Cells in the centre of neoplastic aggregates
are in squamous differentiation. Single necrotic or acantholytic neoplastic cells are occasionally
evident. Panel B: Neoplastic epithelial cells are arranged in cords and nests surrounded by a moderate
fibrovascular stroma. Neoplastic cells are polygonal to elongated, with poorly defined borders and
moderate to abundant eosinophilic cytoplasm. Nuclei are round to oval with marginated chromatin
and a central round nucleolus. Anisocytosis and anisokaryosis are moderate. Diffuse squamous

differentiation is evident with minimal accumulation of keratin.
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6.3.3 Expression of Ki-67 and VEGFR-2

Table 12: Expression of Ki-67 and VEGFR-2 in 54 dogs with inflammatory, benign

and malignant head and neck conditions.

Beni d mali t HN VEGIFR VEGFR
emcgonn?lliltiol:llsai:lggzlgls N Ki-67 (%) Ki-67 (%) Int (%) (%) Mean Int
(54) || Median (range) | Mean = SD ) Median + SD g
(range) )
Benign (epulides) +
20 0.5(0-15.7) 2.65+4.1 Neg /+ Neg. Neg. Neg.
inflammatory (stomatitis)
Benign (epulides) 11 0.1(0-0.6) 0.16+£0.2 Neg/+ Neg. Neg. Neg.
Inflammatory (stomatitis) 9 43(1-15.7) 5.68 £4.58  Neg/+ Neg. Neg. Neg.
Malignant 34 14.2 (0 - 73.5) 19+18.9  ++-+++ 1(0-90) 13.9+234  ++/+++

Epithelial (SCC)

7 168(0.1-73.5) 2625+23.8 +H+++ 1(0-81.5) 1774245  +++

Oral SCC 10 11.8(0.1-38.0) 135125 ++ 000-1)  02+042  Neg/-+
55.4 (10.2 - 42 (25 -

SNSCC 7 73.5) 44.47+248 A+t 81.5) 42.8+18.9  +++

MM + SAR 17 138(0-29.1) 13.74+9.08  ++ 1(0-90) 10.0£223  NeghHt

MM 7 209(0-29.1) 167+10.53  ++ 1(1-30)  9.8+11.89  +++

SAR 10 109(22-289) 11.62+7.8  ++ 0(0-90) 102+282  Neg/+

Values represent median and mean values and ranges of the percentage of the
expression of Ki-67 and VEGFR-2. SCC; squamous cell carcinoma; SNSCC: sino-
nasal squamous cell carcinoma; MM: malignant melanoma; SAR: sarcoma; +

(weak); ++ moderate; +++ (strong).
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Table 13: Immunohistochemical (IHC) score obtained by distribution and labelling
intensity of Ki-67 and VEGFR-2 in 54 dogs with inflammatory, benign and

malignant head and neck conditions

. . Ki-671Hc | KH67HHC | ypopr, | VEGFR2
Benign and malignant N score score IHC score IHC score
HN conditions in dogs (54) Mean + SD Median Mean = SD Median
(range) (range)
Benign (epulides) + inflammatory
20 0.4 +0.82 0 (0-2) 0=0 0 (0)
(stomatitis)
Benign (epulides) 11 0.00 = 0.00 0(0) 0=0 0(0)
Inflammatory (stomatitis) 9 0.89 = 1.5 0 (0-2) 0+0 0(0)
Malignant 34 2.82 +2.50 0(0-2) 1.76 £ 2.3 1 (0-4)
Epithelial (SCC) 17 341 +3.28 2 (0-9) 1.89 +2.57 1 (0-8)
Oral SCC 10 1.80 = 3.01 2 (0-4) 0.2+3.21 0 (0-1)
SN SCC 7 570 = 1.73 4 (1-8) 42 =145 4 (2-6)
MM 7 2.57 = 1.51 2 (0-4) 143 =1.27 1(0-4)
SAR 10 2.00 = 0.94 2 (0-4) 1.8 £2.53 1 (0-8)

Values represent median and mean values and ranges of Ki-67 and VEGFR-2 IHC
scores. SCC; squamous cell carcinoma; SNSCC: sino-nasal squamous cell

carcinoma; MM: malignant melanoma; SAR: sarcoma.
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Table 14: Differences in the expression of the percentage of Ki-67 and VEGFR-2 in

54 dogs with inflammatory, benign and malignant head and neck conditions.

P-value
Inflammatory, benign, malignant head and neck conditions

Ki-67 (%) | VEGFR-2 (%)

Benign (epulides) + inflammatory lesions (stomatitis)

/ malignant tumours <0.001 <0.001
Benign (epulides) / inflammatory lesions (stomatitis) <0.001 /
epithelia/MM+SAR 0.245 0.801
MM/SAR 0.760 0.461
Oral SCC/SNSCC 0.019 <0.001

Table 15: Differences in the IHC score of Ki-67 and VEGFR-2 in 54 dogs with

inflammatory, benign and malignant head and neck conditions.

P-value

Inflammatory, benign, malignant head and neck conditions -
Ki-67IHC | yp GFR-2 HC score

score

Benign (epulides) + inflammatory lesions <0.001 <0.001
(stomatitis)/malignant tumours ’ ’

Inflammatory (stomatitis) / malignant 0.009 0.002
Benign (epulides)/inflammatory (stomatitis) 0.019 /

Epithelial/MM 0.895 0.742

MM/SAR 0.327 0.839

Oral SCC/SN SCC 0.027 <0.001
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6.3.3.1 Expression of Ki-67

The percentage of expression of Ki-67 was statistically significantly lower in benign
HN lesions consisting of stomatitis and epulis samples in comparison with malignant

head and neck conditions (p<0.001) (Figure 10).

Ki-67 (%)

benign + inflammatory = malignant

Figure 10: The percentage of expression of Ki-67 in dogs with benign and inflammatory HN lesions
in comparison with malignant head and neck tumours in dogs; Mann-Whitney-Wilcoxon test shows

significant difference* (p<0.001).

oo o
A B
S 2 q
2
g w - 5 A
g * g .
O e — 2 . _
jan) —
: o~
S < A
T =
o~ o o 1 ™~ H
o1 = - - - 4
T T T T

benign (epulides) malignant Inflammatory (stomatitis) malignant

Figure 11: The Ki-67 THC score in dogs with benign (epulides) (A) and inflammatory (stomatitis) HN

lesions (B) in comparison with malignant head and neck tumours in dogs Mann-Whitney-Wilcoxon

test shows significant difference* (p<0.001 and p=0.008, respectively).
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The Ki-67 IHC score in dogs with benign (epulides) and inflammatory (stomatitis)
HN lesions in comparison with malignant head and neck tumours was significantly
lower (p<0.001 and p=0.008, respectively) (Figure 11 A, B). Samples of malignant
head and neck conditions with positive Ki-67 labelling exhibited moderate-strong
nuclear labelling while benign and inflammatory head and neck conditions exhibited
negative or mild labelling. The higher percentage of the expression of Ki-67
increased with the intensity of labelling with the labelling more diffuse including
cells in the centre of nests. The median score for the percentage of expression of Ki-
67 for benign + inflammatory head and neck conditions was 0.5 % (95% CI 0-
15.7%) and for malignant head and neck conditions 14.2 % (95% CI 0-73.5%). More
specifically the median score for the percentage of expression of Ki-67 for epulides
was 0.1 % (95% CI 0-0.6%) and stomatitis lesions 4.3 % (95% CI 1-15.7%). In
tumours with low Ki-67 labelling the positive cells were located mainly in the
periphery of the tumour cell nests while in tumours with high Ki-67 increasingly
more cells towards the centre of the tumour nests exhibited positive labelling.
Epulides expressed significantly lower percentage of Ki-67 and had significantly
lower Ki-67 IHC score in comparison with inflammatory lesions (stomatitis) (Figure
12 A, B). The intensity for Ki-67 of both oral inflammatory and benign oral

conditions was negative or mild.
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Figure 12: The expression of the percentage of Ki-67 (A) and Ki-67 IHC score (B) in dogs with
inflammatory (stomatitis) compared to benign (epulides) head and neck lesions; Mann-Whitney-

Wilcoxon test shows significant difference (p<0.001 and p=0.018, respectively).
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Malignant HN tumours were expressing similar percentages of Ki-67. The difference
in the expression of Ki-67 between epithelial HN tumours and a group of HN
tumours consisting of MM and SAR was not significant (p=0.245) (Figure 13). No
significant differences were detected when comparing the percentage of Ki-67 in
epithelial vs MM (p=0.354) and MM vs SAR tumours (p=0.760). Similar results
were obtained when comparing the Ki-67 IHC score between epithelial vs MM and

MM vs SAR tumours (Figure 14 A, B).
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Figure 13: The expression of Ki-67 in dogs with epithelial and MM+SAR head and neck tumours;
Mann-Whitney-Wilcoxon test shows no significant difference (p=0.245).
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Figure 14: The Ki-67 IHC score in dogs with epithelial in comparison with MM tumours (A) and in
dogs with MM and SAR (B); Mann-Whitney-Wilcoxon test shows no significant difference (p=0.895
and p=0.372, respectively).
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When epithelial tumours were divided according to the location, the percentage of
expression of Ki-67 was more pronounced in sino-nasal SCC tumours in comparison
with SCC of the oral cavity and the difference was statistically significant (p=0.019)
(Figure 15 A). The same was true for the Ki-67 IHC score of these tumour types

(Figure 15 B).
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Figure 15: The expression of the percentage of Ki-67 (A) and Ki-67 IHC score (B) in dogs with oral
SCC and sinonasal SCC; Mann-Whitney-Wilcoxon test shows significant difference® (p=0.019 and
p=0.027, respectively).

Moderate or strong intensity of Ki-67 expression was present in all malignant head
and neck tumours. There was a difference in the intensity of the expression between
epithelial and mesenchymal head and neck tumours with epithelial sino-nasal SCC
revealing strong pattern of the Ki-67 intensity while malignant melanoma and
sarcoma tumours and epithelial oral SCC showed in the majority of cases moderate

intensity pattern for Ki-67.
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6.3.3.2 Expression of VEGFR-2

The expression of VEGFR-2 was not detected in inflammatory (stomatitis) and
benign head and neck tumours (epulides) of dogs (Figure 16 A) while malignant
head and neck tumours of dogs expressed VEGFR-2 (Figure 16 B). The difference in
the expression of VEGFR-2 between dogs with benign head and neck tumours
(epulides) + inflammatory head and neck conditions (stomatitis) compared with
malignant head and neck conditions was significant (p<0.001) (Figure 16 B). The
significant difference in VEGFR-2 IHC score when comparing benign head and neck
tumours (epulides) or inflammatory head and neck conditions (stomatitis) with
malignant head and neck conditions was detected as well (p<0.001 and p=0.002,
respectively) (Figure 17 A, B).
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Figure 16: The expression of VEGFR-2 in dogs with inflammatory (stomatitis) + benign (epulis)
head and neck conditions (A); Mann-Whitney-Wilcoxon test shows no difference. The % of VEGFR-
2 in dogs with benign (epulides) + inflammatory (stomatitis) and malignant head and neck conditions

(B); Mann-Whitney-Wilcoxon test shows significant difference™ (p<0.001).
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Figure 17: VEGFR-2 IHC score in dogs with benign (epulides) (A) or inflammatory (stomatitis) (B)
compared to malignant head and neck conditions; Mann-Whitney-Wilcoxon test shows significant

difference* (p<0.001 and p=0.002, respectively).

Malignant head and neck tumours exhibited cytoplasmatic and only occasionally
membranous labelling for VEGFR-2. Positive immunoreactivity for VEGFR-2 was
noted in the cytoplasm of tumour cells, which was the predominant location of the
expression in the majority of cases. No nuclear labelling was seen. The labelling
varied markedly in intensity as well as in area covered. The median score for
VEGFR-2 malignant head and neck conditions was 1 % (95% CI 0-90.0%). Samples
of malignant head and neck conditions with positive VEGFR-2 expression exhibited
mild or moderate or strong labelling while labelling of inflammatory (stomatitis) and
benign (epulides) head and neck conditions for VEGFR-2 was negative. The higher
percentage of the expression of VEGFR-2 in malignant head and neck conditions
increased with the intensity of labelling with the labelling more diffuse including

cells in the centre of tumour nests.

The majority of malignant head and neck tumours (59%) (20/34 cases) stained
positive for VEGFR-2. The expression of VEGFR-2 was widespread and differed
regarding the histopathological type and location of malignant head and neck

tumours. As epithelial and MM+SAR head and neck conditions expressed similar
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percentage of VEGFR-2 the difference was not significant (p=0.801) (Figure 18).
The intensity of expression was stronger in epithelial head and neck tumours when
compared with MM+SAR cases. No significant difference in VEGFR-2 THC score
when comparing epithelial HN tumours with MM or SAR or MM with SAR was
detected (p=0.741 and p=0.839, respectively) (Figure 19 A, B).
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Figure 18: The expression of VEGFR-2 in dogs with epithelial and MM+SAR head and neck

tumours; Mann-Whitney-Wilcoxon test shows no significant difference (p=0.801).
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Figure 19: The VEGFR-2 IHC score in dogs with epithelial and MM (A), and MM and SAR (B).
Mann-Whitney-Wilcoxon test shows no significant difference (p=0.741 and p=0.839, respectively).
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Among epithelial head and neck tumours sino-nasal SCC were demonstrated with the
highest percentage of expression of VEGFR-2. Significant difference in the
expression of VEGFR-2 between oral SCC and SNSCC HN tumours, with SNSCC
expressing the highest percentage of VEGFR-2 was confirmed (p<0.001) (Figure 20
A). The same was true for the VEGFR-2 THC score when comparing oral SCC and
SNSCC HN tumours (Figure 20 B). There was also the difference in the intensity of
the expression of VEGFR-2. Oral SCC expressed no VEGFR-2 or the expression
was mild while the intensity of the VEGFR-2 expression in SNSCC tumours was
moderate or strong with all SNSCC tumours expressing VEGFR-2.
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Figure 20: The percentage of expression of VEGFR-2 (A) and VEGFR-2 THC score (B) in dogs with
oral SCC and sinonasal SCC; Mann-Whitney-Wilcoxon test shows significant difference* (p<0.001
and p=0.0003, respectively).
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High correlation between VEGFR-2 and Ki-67 in malignant HN conditions was
confirmed (r=0.65; p<0.0001). Only weak positive correlation between Ki-67 and
VEGFR-2 in oral SCC (r=0.18) was detected and the correlation was not statistically
significant (p=0.15). Strong positive correlation between Ki-67 and VEGFR-2 in
sino-nasal SCC (r=0.84; p=0.0002) but only moderate correlation in oral
mesenchymal tumours was detected (r=0.35; p=0.002). According to the Spearman’s
rank test the correlation between tumour stage and Ki-67 was high (r=0.63) while the
correlation between mitotic count and necrosis with Ki-67 was moderate (r=48;
r=0.50, respectively). Moderate correlation between tumour stage, mitotic count and
necrosis with VEGFR-2 were detected (r=0.55, r=0.31, r=0.44, respectively). The
differences were statistically significant (p<0.05). Strong negative correlation
between Ki-67 and VEGFR-2 in inflammatory and benign oral conditions in dogs

was detected.
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Figure 21: Ki-67 (panel A) and VEGFR-2 (panel B) expression in canine oral SCC. Ki-67
positive cells (brown colour) (38%) are predominantly present in the periphery of the tumour nests
and this was classified as moderate Ki-67 expression. Canine oral SCC was negative for VEGFR-2

expression (panel B).
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Figure 22: Ki-67 (panel A) and VEGFR-2 (panel B) expression in canine sino-nasal SCC.
Ki-67 positive cells (37.5%) are predominantly present in the periphery of the tumour nests. In the
higher scoring tumours more cells towards the centre of the tumour nests exhibited positive VEGFR-2
labelling. High intensity tumour cell cytoplasmatic labelling for VEGFR-2 in canine sino-nasal SCC

(brown coulour) (81.5%) was detected and this was classified as strong VEGFR-2 expression (panel

B).
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Table 16: Univariate statistical analysis of factors potentially associated with overall

survival time (OS) in 34 dogs with malignant head and neck tumours.

OS (days)
Factor Number of dogs HR 95% CI P-value
median

Location
Oral* 27 (79 %) 442 3.91 1.48-10.31 | 0.006
SN 7 (21 %) 280
Histological type
Epithelial t.* 17 (50 %) 692
MM 7 (21 %) 354 1.41 0.49 - 4.05 0.530
SAR 10 (29 %) 366 1.85 0.75-4.53 | 0.180
Histological type
Epithelial t.* 17 (50 %) 692 1.65 0.75 - 3.66 0.213
MM+SAR 17 (50 %) 376
Stage
[+I1* 17 (50 %) 745 2.75 1.24 - 6.08 0.013
I+1v 17 (50 %) 280
Mitotic count (n/10HPF)
Low* 19 (56 %) 442 1.79 0.82-3.90 0.141
High 15 (44 %) 301
Necrosis
Yes 13 (38 %) 267 8.57 3.03-24.21 | <0.001
No* 21 (62 %) 745
Grade
[+I1* (low) 27 (79 %) 442 8.24 2.83-24.00 | <0.001
I1T (high) 7 (21 %) 186
Ki-67 IHC score
Low (< 2)* 6 (18 %) 729 1.46 0.55-3.89 0.450
High (= 2) 28 (82 %) 386
Ki-67 (%)
Low (< 14.2)* 17 (50 %) 692 1.75 0.80-3.79 0.159
High (> 14.2) 17 (50 %) 280
VEGFR-2 IHC score
Low (< 1)* 13 (38 %) 784 6.25 2.23-17.50 | <0.001
High (> 1) 21 (62 %) 301
VEGFR-2 (%)
Low (< 1)* 22 (65 %) 735 10.63 | 3.87-29.19 | <0.001
High (=1) 12 (35 %) 237

(*referent category)
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6.3.4 Kaplan-Meier curves for overall survival in 34 dogs with malignant head

and neck tumours according to the variables investigated

1.0

06

Survival Probability
04

Location

Log-rank test, p=0.004

0 100 200 300 400 500 600 700 800 900 1000

Days

Figure 23: Kaplan-Meier survival curves (Log-rank, Cox model univariate) for
overall survival according to the location (oral vs sino-nasal) in dogs with malignant
head and neck tumours. Significantly shorter survival rates of dogs with sino-nasal
head and neck tumours in comparison with dogs with oral head and neck tumours

were detected (p=0.004).
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Figure 24: Kaplan-Meier survival curves (Log-rank, Cox model univariate) for
overall survival according to the histological type (epithelial vs mesenchymal-
consisting of malignant melanoma and sarcoma tumours) in dogs with malignant
head and neck tumours. Statistical trend towards shortened survival rates in dogs
with malignant melanoma and sarcoma tumours in comparison with dogs with
epithelial head and neck tumours was detected. The difference was not statistically

significant (p=0.210).
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Figure 25: Kaplan-Meier survival curves (Log-rank, Cox model univariate) for
overall survival according to the histological type (epithelial vs MM vs SAR) in dogs
with malignant head and neck tumours. Statistical trend towards shortened survival
rates in dogs with MM and SAR head and neck tumours in comparison with dogs
with epithelial head and neck tumours was detected. The difference was not

statistically significant (p=0.388).

101



1.0

«w
©
£ o | I+
O o
l\a)
O
e
@
T ,
= {
z T 4
= o :
0] '
i
™ _|
- i [1+1%
< Stage tommmmmmmmmmomeooeo
1
Log-rank test, p=0.010 Tt
o
=

0 100 200 300 400 500 600 700 800 900 1000

Days

Figure 26: Kaplan-Meier survival curves (Log-rank, Cox model univariate) for
overall survival according to the stage (stage I+Il vs stage II+IV) in dogs with
malignant head and neck tumours. Significantly increased survival rates of dogs with
stage [+II (n=17) in comparison with dogs with stage III+IV malignant head and
neck tumours (n=17) was detected (p=0.010).
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Figure 27: Kaplan-Meier survival curves (Log-rank, Cox model univariate) for
overall survival according to mitotic count (low vs high) in dogs with malignant head
and neck tumours. A trend towards increased survival rates in dogs with low mitotic
count in comparison with dogs with high mitotic count was detected. The difference

between groups was not statistically significant (p=0.136).
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Figure 28: Kaplan-Meier survival curves (Log-rank, Cox model univariate) for
overall survival according to the presence of necrosis (necrosis yes vs necrosis no) in
dogs with malignant head and neck tumours. Significantly increased survival rates
were detected in dogs with tumours with no necrosis in comparison with dogs with

malignant head and neck tumours where necrosis was present (p<0.001).
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Figure 29: Kaplan-Meier survival curves (Log-rank, Cox model univariate) for
overall survival according to tumour grade in dogs with malignant head and neck
tumours. Significantly shorter survival rates in dogs with malignant head and neck
tumours with high grade (grade III) in comparison with dogs with HN tumours with
low grade (grade I+II) were detected (p<0.001).
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Figure 30: Kaplan-Meier survival curves (Log-rank, Cox model univariate) for
overall survival according to the expression of Ki-67 (low vs high %) in dogs with
malignant head and neck tumours. Statistical trend towards shortened survival rates
in dogs with malignant head and neck tumours with high Ki-67 expression in
comparison with dogs with malignant head and neck tumours with low Ki-67
expression was detected. The difference between groups was not statistically

significant (p=0.154).
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Figure 31: Kaplan-Meier survival curves (Log-rank, Cox model univariate) for
overall survival according to Ki-67 IHC score (low vs high) in dogs with malignant
head and neck tumours. A trend towards shortened survival rates in dogs with
malignant head and neck tumours with high Ki-67 IHC score in comparison with
dogs with malignant head and neck tumours with low Ki-67 THC score was detected.

The difference between groups was not statistically significant (p=0.446).
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Figure 32: Kaplan-Meier survival curves (Log-rank, Cox model univariate) for
overall survival according to VEGFR-2 expression (low vs high percentage) in dogs
with malignant head and neck tumours. Significantly shorter survival rates in dogs
with malignant head and neck tumours with high VEGFR-2 expression in
comparison with dogs with malignant head and neck tumours with low VEGFR-2

expression were detected (p<0.001).
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Figure 33: Kaplan-Meier survival curves (Log-rank, Cox model univariate) for
overall survival according to VEGFR-2 THC score (low vs high) in dogs with
malignant head and neck tumours. Significantly shorter survival rates in dogs with
malignant head and neck tumours with high VEGFR-2 IHC score in comparison with
dogs with malignant head and neck tumours with low VEGFR-2 IHC score were

detected (p<0.001)
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Table 17: Univariate analysis of prognostic value of the percentage and IHC score of
Ki-67 and VEGFR-2 in 54 dogs with inflammatory, benign and malignant head and

neck conditions.

Factor Number of dogs | OS (days) Median | HR 95% CI P-value
Ki-67 IHC score
Low (< 2)* 22 (41 %) / 4.82 | 1.80-12.90 | 0.002
High (> 2) 32 (59 %) 410
Ki-67 (%)
Low (£7.9)* 27 (50 %) / 3.71 | 1.60-8.60 | 0.002
High (> 7.9) 27 (50 %) 420
VEGFR-2 IHC score
Low (< 1)* 33 (61 %) / 17.4 | 6.13-49.60 | <0.001
High (> 1) 21 (39 %) 301
VEGFR-2 (%)
Low (< 1)* 34 (63 %) / 13.43 | 5.03-35.90 | <0.001
High (> 1) 20 (37 %) 328

*Referent category
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6.3.5 Kaplan-Meier curves for overall survival in 54 dogs with inflammatory,
benign and malignant head and neck tumours according to Ki-67 and VEGFR-

2 expression
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Figure 34: Kaplan-Meier survival curves (Log-rank, Cox model univariate) for
overall survival according to the Ki-67 expression (low vs high percentage) in dogs
with inflammatory, benign and malignant HN conditions. Significantly increased
survival rates of dogs with inflammatory, benign and malignant head and neck
tumours with low Ki-67 expression in comparison with dogs with inflammatory,
benign and malignant head and neck tumours with high Ki-67 expression were

detected (p=0.001).
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Figure 35: Kaplan-Meier survival curves (Log-rank, Cox model univariate) for
overall survival according to the Ki-67 IHC score (low vs high) in dogs with
inflammatory, benign and malignant head and neck tumours. Significantly increased
survival rates of dogs with inflammatory, benign and malignant HN conditions with
low Ki-67 IHC score in comparison with dogs with inflammatory, benign and
malignant head and neck tumours with high Ki-67 expression were detected

(p=0.001).
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Figure 36: Kaplan-Meier survival curves (Log-rank, Cox model univariate) for
overall survival according to VEGFR-2 expression (low vs high percentage) in dogs
with inflammatory, benign and malignant head and neck conditions. Significantly
increased survival rates of dogs with inflammatory, benign and malignant head and
neck tumours with low VEGFR-2 expression in comparison with dogs with
inflammatory, benign and malignant head and neck tumours with high VEGFR-2

expression were detected (p<0.001).
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Figure 37: Kaplan-Meier survival curves (Log-rank, Cox model univariate) for
overall survival according to VEGFR-2 IHC score (low vs high) in dogs with
inflammatory, benign and malignant head and neck conditions. Significantly
increased survival rates of dogs with inflammatory, benign and malignant head and
neck tumours with low VEGFR-2 THC score in comparison with dogs with
inflammatory, benign and malignant head and neck tumours with high VEGFR-2
IHC score were detected (p<<0.001).
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6.4 Accelerated chemoradiotherapy protocol for the treatment of

advanced canine head and neck squamous cell carcinoma

6.4.1 Patients

One spayed female, three neutered and three intact males were included in the study.
The breeds included two mixed breed dogs, one Labrador Retriever, one Golden
Retriever, one Polish Lowland Sheepdog, one Foxterier and one poodle. The mean
age at the presentation was 11.8 years (range 8-16 years). The dogs were presented
with varying clinical signs of different duration that included dyspnoea (n=4),
halitosis (n=3), salivation (n=2), dysphagia (n=2), pain (n=1) and exercise
intolerance (n=1), epistaxis (n=4), haemorrhagic/mucopurulent nasal discharge
(n=4), sneezing (n=4), facial deformity (n=4), exophthalmos (n=3) and neurologic
signs (n=1). Two dogs were already diagnosed with rostral mandibular SCC and
sinonasal SCC and were referred for further evaluation and treatment. No other

previous problems were reported in the history.

All dogs were in normal body condition with normal heart and lung sounds. Bilateral
mild masticatory muscle wastage was noticed in two dogs with oral/tonsillar SCC.
Pain was elicited on attempts to open the mouth in one dog oral/tonsillar SCC. Dogs
with SNSCC and a dog with nasal planum SCC were presented with facial
deformity. Regional lymph nodes were normal in size and consistency on palpation
in six dogs while a unilateral mandibular lymphoadenomegaly (7 x 8.3 x 4.2 cm) was
detected in one dog oral/tonsillar SCC. Solid masses arising from the right tonsil
(n=1), the rostral mandibular gingiva (n=1) and an ulcerative, bleeding gingival
proliferation extending from the third premolar tooth (107) to the end of the right
maxilla (n=1) were detected in dogs with oral/tonsillar SCC. Computed tomography
(CT) (n=7) in dogs with advanced HNSCC and dental radiography in dogs with oral

SCC showed local maxillary, mandibular and rostral mandibular bone lysis in dogs
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with oral/tonsillar SCC and destruction of maxillary, nasal and frontal bones with
cribriform involvement with abnormal soft tissue density in dogs with SNSCC. Dogs
with oral SCC had stage 1,2 and a dog with tonsillar SCC had stage 3. CT confirmed
a severe mandibular and retropharyngeal lymphadenomegaly in the tonsillar SCC
case. Dogs with oral/tonsillar SCC were stage 1-3 while all dogs with SNSCC were
stage 4. Dog with nasal planum SCC had stage 2. Abdominal cavity ultrasonography
(n=7) and thorax CT (n=7) were unremarkable in all seven dogs and did not show

any evidence of distant metastatic disease at the time of presentation.

For confirmation of the tumour type, incisional biopsies from the primary tumour site
were obtained surgically under general anaesthesia in 2 dogs with the oral/tonsillar
caudal lesions. The third case with the rostral mandibular mass was already
diagnosed at the time of presentation. Nasal biopsies were performed in three dogs
with sino-nasal tumours and an incisional biopsy in a dog with nasal planum mass.
Fine needle regional lymph node aspirates were performed in all cases at the time of
evaluation and were submitted for cytological examination for staging purposes. All
seven dogs had a histopathological diagnosis of SCC. No lymph node involvement
was confirmed based on cytological examination of the regional lymph node
aspirates in six dogs while the dog with the tonsillar mass was diagnosed with

regional lymph node metastasis, as suspected on CT.

6.4.2 Radiation therapy

All dogs completed the radiation therapy protocol as planned and no effects related
to twice-daily anaesthesia were observed. Rapid partial response to therapy was seen
in all dogs by the end of the 9-day protocol. 6-10 weeks after completion of therapy

all three dogs with oral/tonsillar SCC had achieved a complete response.
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The partial response in 3 dogs with advanced SNSCC was seen 2-3 months after
finished radiotherapy according to a CT examination. One year after finished
radiotherapy two dogs with SNSCC achieved a complete response while the response
in one dog with SNSCC was assessed as partial. After that, no CT examination was
performed in dogs with SNSCC, but the dogs were, according to the referring
veterinarians, without visible signs of tumour progression after that period of time.
The same is true for the dog with SNSCC that is still alive. The referring veterinarian
was contacted and advised to suggest the owners to perform a CT for evaluation of
the response. A dog with nasal planum SCC achieved only a partial response and the

tumour progressed 6.5 months after finished radiotherapy treatment.

6.4.3 Toxicity

The most significant acute toxicity occurred in the mucosal lining (mild to strong soft
tissue reactions and local swellings) in dogs with oral and tonsillar SCC. Only a dog
with rostral oral SCC experienced mild soft tissue reaction while the other two dogs
(dogs with maxillary and a dog with tonsillar SCC) experienced stronger mucosal
acute reactions assessed as grade 3. Grade 3 acute side effects in dogs with SNSCC
and nasal planum SCC were detected in all 3 dogs. The acute side effects resolved
quickly with a course of antibiotics (amoxicillin clavulanic acid and metronidazole)
and non-steroidal anti-inflammatory drugs (carprofen or meloxicam) in all dogs with
advanced head and neck SCC. The loss of mucosal integrity associated with bone
exposure became evident after 4 days of radiotherapy due to the early tumour
response in a dog with maxillary SCC and healed by second intention 2 months after
completion of radiation treatment. The cutaneous toxicity ranged from grade 2 to
grade 3. Otitis externa-media was detected in 2 dogs and resolved within 3 weeks
with antibiotic therapy (enrofloxacine 7 mg/kg 24 hrs 2 weeks). Late toxicity effects
could be evaluated for all dogs and included alopecia (n=7) or leukotrichia (n=6)
within the radiation field, which generally developed 4-6 months post irradiation. No

late side effects to the bone, confirmed by intraoral dental radiography and computed
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tomography, every 6 months up to 1-3 years were seen. All dogs with SNSCC
developed cataract because the eye affected with the tumour was included in the
radiation filed. No owner felt that therapy had negative effect on theirs dog’s quality
of life. All three dogs had improvement in eating and drinking and gained weight 2-3

months after completing radiotherapy.

6.4.4 Follow-up

The dog with a stage I rostral mandibular SCC is still alive at 1155 days after
commencing the radiotherapy with no signs of tumour recurrence or evidence of

local or distant metastatic disease.

The dog with a stage II maxillary SCC (Figure 38) was euthanized due to cardiac
failure 919 days after commencing the radiotherapy course with the primary site in a

complete remission and no evidence of the distant metastatic disease.

The dog with a stage III tonsillar SCC (Figure 39) experienced local tumour
recurrence in the irradiated ipsilateral regional lymph node 752 days (TTP 752 days)
after commencing the radiotherapy protocol. There was no evidence of distant
metastatic disease confirmed on CT. The dog was euthanized due to regional lymph
node tumour progression 844 days after commencing the radiotherapy protocol due
to inappetence and dysphagia. There was no evidence of tumour recurrence in the

right tonsil.

Two dogs with stage 4 SNSCC died due to tumour non-related causes 489 and 396

days after commencing the radiotherapy treatment. According to the referring
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veterinarian reports there were no visible signs of tumour progression in both of the
dogs at the time of death and both dogs died due to tumour non-related causes. One
dog with stage 4 SNSCC is still alive with no visible signs of tumour progression
(426 days after commencing the radiotherapy treatment). The dog with nasal planum
SCC (stage 2) was euthanized 246 days after commencing the radiotherapy treatment

due to tumour progression. TTP in this case was 201 days.

Table 18: Characteristics of canine patients treated with an accelerated

chemoradiotherapy protocol

nr. BREED AGE SEX WEIGHT TUSI\;[TOEUR DURATION TS TR TTP OS
mixed right
I 13 FN 12.8 caudal ~ 2months  T2bMOMO CR / 919d
maxilla
;  mixed 8§ M 35.6 right I month  T3N3bMo CR  752d 844d
breed tonsil
labrador |
3 retriever 12 M 324 mr;fgiile Imonth  TINoMo CR(#) / 1155d
%k
Polish
4 l‘ngd 13 MN 295  sinonasal 1.5month  T4NoMo PR / 489d
dog
Foxterier .
5 %* 8 M 16.8 sinonasal 3 months T4NoMo CR (#) / 426 d

6 Poodle 16 MN 7.8 sinonasal 5 months T4NoMo  CR/euth. / 396d

7 Golden 5 UN 358 nasal I month  T2NoMo PR 201d 246 d
retriever planum

Legend: CR: complete remission; PR: partial remission; Euth: euthanized due to
other systemic diseases; *Referred with already diagnosed oral/tonsillar SCC; #
Indicated still alive and tumour has not recurred or progressed at date of analysis; F:
female; M: male; FN: female neutered; MN: male neutered; d = days; TS: tumour

stage; TR: tumour response; TTP: time to progression; OS: overall survival
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Figure 38:
Ulcerative squamous cell carcinoma of the right maxillary region in a 13-year-
old female mixed breed dog. (Photo Rejec, A.) A. The lesion as it appeared
following the jaw manipulation required to perform a dental scaling and polishing
during the diagnostic workup. B. CT scan showing bone loss associated with the
lesion (arrows). C. Ulcerated appearance of the lesion after 5 days of the
radiotherapy treatment. D. Three weeks after completion of therapy. There is
significant mucositis but the lesion has shrunk significantly. E. Three months
following treatment. The site is still healing. The site has a smooth surface with no
evidence of tumour tissue. F. 24 months after treatment. The site still shows some

erythema but the mucosa is smooth without any indication of neoplasia.
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Figure  39:
Tonsillar squamous cell carcinoma in an 8-year-old male mixed breed dog.
(Photo Rejec, A.) A. Mass on presentation. B. Based on oral examinations, the lesion
had subjectively shrunk to about a quarter of its original volume by the completion of
the treatment. Note the loss of pigmentation due to the mucositis. C. Three weeks
post treatment the mass is again much smaller. The mucosa has recovered the area.
There is residual loss of pigmentation in the primary radiation field. D. Six weeks
following treatment. The tonsil is almost back to normal. E. Eleven months following
treatment. The two tonsils are similar in size; F. Two years following treatment.

There is no evidence of tumour. Only a change in pigmentation remains
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Figure 40: Sino-nasal SCC in a 13-year-old Polish Lowland Sheep dog 3 weeks after finished
chemoradiotherapy protocol indicating acute radiotherapy side effects. (Photo Rejec, A.)

Figure 41: CT before commening chemoradiotherapy treatment (soft tissue window) in a 13-year-old
Polish Lowland Sheep dog. Evidence of eye displacement and bone lysis due to tumour mass.

Figure 42: CT 2 months after finished chemoradiotherapy treatment (bone window) in a 13-year-old
Polish Lowland Sheep dog showing a partial response. Eye turned to normal position. Bone defects
are still present.
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Figure 43: CT 1 year after finished chemoradiotherapy treatment (soft tissue window) in a 13-year-
old Polish Lowland Sheep dog showing a partial response. Eye turned to normal position. Bone
defects are still present.

Figure 44: 13-year-old Polish Lowland Sheep dog 4 months, 9 months and 14 months (with the left
eye removed; last picture) after finished chemoradiotherapy protocol. The left eye was removed due to
radiotherapy-induced damage. (Photo Rejec, A.)
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7 DISCUSSION

A wide variety of clinically recognisable lesions of inflammatory, benign or
malignant origin affect dog’s head and neck region. The development and
progression of the either conditions are determined by many factors associated with
inflammation and/or neoplasm and the host (Arzi & Verstraete, 2012). Their
biological behaviour is different as well as treatment planning strategies and
prognosis. Although the treatment of inflammatory and benign lesions, for instance,
PD and benign head and neck tumours in contrast with malignant ones, is quite
straightforward and there is no major risk of the spread of the disease to distant sites,
a lot of questions regarding the systemic effects, pathogenesis and treatment
strategies of especially malignant head and neck conditions in dogs still remain
unclear and open. Understanding the biological behaviour of those conditions
exerting both local and systemic effects in the host, is an important fact as it enables
the clinician to select the methods of treatment indicated more precisely and to
inform the client timely and correctly (Arzi & Verstraete, 2012). Systemic effects
have been described for both inflammatory and neoplastic head and neck conditions
although with variable extent and in different patterns. More is known regarding the
malignancy associated systemic inflammatory response that has been already shown
to correlate with the pathogenesis and prognosis of certain cancers (Laird et al.,
2013; Roxburgh & McMillan, 2014). What considers the PD, the data regarding its
systemic effects and the cause-effect relationship are still debatable. As clinicians,
we often observe that differences in the CBC parameters of dogs affected with PD or
dogs with head and neck tumours exist. An interesting observation is that even dogs
with advanced stages of PD most frequently have normal and very rarely changed
values of CBC parameters, which is the opposite what we observe in dogs with

malignant head and neck tumours.

Therefore, it was of our interest to investigate the differences between complete
blood count (CBC) parameters and CBC indices in one of the most prevalent canine

chronic inflammatory diseases, periodontal disease (PD), and neoplastic conditions
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affecting dog’s oral/pharyngeal and sino-nasal region and to elucidate the importance
of these biomarkers in assessing the degree of inflammation, more precisely systemic
inflammatory response, which is being closely associated with the development of
both conditions. According to the author's knowledge, there are no literature data
estimating CBC parameters and calculated CBC indices (N/L, P/L, MPV/PLT,
PLCRI) in a correlation with head and neck inflammatory and neoplastic conditions

in dogs.

We characterized the role of CBC parameters and CBC indices on three groups of
dogs (healthy dogs, dogs with stage 3,4 PD (moderate to advanced periodontitis) and
dogs with neoplastic head and neck conditions) that did not suffer from any other
concurrent inflammatory, immune-mediated or/and neoplastic diseases, which could

have and effect on the parameters investigated.

Firstly, we hypothesised that CBC biomarkers, more specifically, CBC indices (N/L,
P/L, MPV/PLT, PLCRi) differ and may thus serve as supportive distinguishing
biomarkers between inflammatory and neoplastic head and neck conditions (NHNC)
in dogs. As several studies from both human and veterinary medicine have shown
that biomarkers of tumour associated systemic inflammatory responses have also an
important effect on disease-related outcomes for many tumour types of different
anatomical locations (Guthrie et al., 2013; McMillan, 2009), this aspect was assessed

as well.

Inflammatory and neoplastic conditions interact directly and indirectly with host's
inflammatory cells (Elinav et al., 2013). In our study, the differences between dogs
with stage 3,4 PD and NHNC in the frequency of circulating neutrophils and
lymphocytes and N/L ratio were detected. Reduced number of lymphocytes was
more pronounced in dogs with NHNC, which is in agreement with literature data
indicating frequent reduction of lymphocyte number or occurrence of lymphopenia
in cancer patients that develops as a consequence of the changes in the way the
lymphocytes are produced, or are lost or destroyed (Mutz et al., 2013), although
inflammatory diseases, in our case stage 3,4 PD might be the cause for the reduction

of the lymphocyte count. The same results were obtained in the second part of the
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thesis where we confirmed reduction of both absolute and relative numbers of
lymphocytes in dogs with stage 3,4 PD when compared to dogs with stage 1 PD. The

reduction in absolute numbers of lymphocytes was statistically significant.

As neutrophils are cells that provide first-line defence against infections (Kumar &
Sharma, 2010), defects in their number were expected in patients with stage 3,4 PD
(moderate to advanced periodontitis) as already demonstrated in human patients with
chronic forms of periodontitis (Bhansali et al., 2013; Srinivasan, 2013) but all canine
patients with PD presented here and diagnosed with stage 3,4 PD (moderate to
advanced periodontitis) exhibited no significant differences in neutrophil count in
comparison with healthy controls. As expected, significantly increased neutrophil
count was found in a group of dogs with NHNC when compared with healthy
controls or with dogs with stage 3,4 PD (moderate to advanced periodontitis). This
correlates with literature data suggesting that all canine and human cancer patients
may exhibit higher levels of peripheral blood neutrophils, which are involved in the
inflammation and are playing an important role in tumour development and
progression as already proved by several studies (De Larco et al., 2004; DeNardo et

al., 2010; Lee et al., 2012).

Although the values of lymphocytes and neutrophils are in normal ranges the ratio
between those cells might result in high N/L ratio and the same was demonstrated in
the patients presented here. Decreases in LYM and increases in NEU counts resulted
in high N/L ratio in both groups of dogs with stage 3,4 PD (moderate to advanced
periodontitis) and NHNC when compared with N/L ratio of healthy controls, despite
the fact that patients had the NEU and LYM counts still in normal reference ranges.
The results of our study confirmed that the systemic inflammatory response driven
by host inflammatory cells is present in both groups of dogs but is more pronounced
in dogs with NHNC than in dogs with stage 3,4 PD (moderate to advanced
periodontitis). To further support this finding, univariate analysis in patients with
stage 3,4 PD (moderate to advanced periodontitis) revealed that N/L ratio was
increased in comparison with healthy controls but polytomous logistic regression

analysis did not prove significant differences between healthy dogs and dogs with

126



stage 3,4 PD (moderate to advanced periodontitis) indicating that PD exhibits no
significant effect on the systemic inflammatory response, assessed by this biomarker,
that would change the number of circulating lymphocytes and neutrophils
considerably. As both univariate and multivariate statistical analysis showed
significantly higher N/L ratio to be associated with more aggressive processes in
dogs (in our case malignant head and neck tumours) and not stage 3,4 PD (moderate
to advanced periodontitis), we consider N/L ratio as one of the potential early
supportive diagnostic biomarkers, which is able to distinguish between
inflammatory, more specifically periodontal disease, and neoplastic conditions

affecting dog's head and neck region.

Further, the differences between N/L ratios among different neoplastic head and neck
tumour types indicated that dogs with malignant head and neck tumours (carcinomas,
melanomas and sarcomas) exhibited the highest N/L ratios while the lowest N/L
ratios were detected in dogs with benign lesions, as expected, with the values close to
the N/L ratios of dogs with stage 3,4 PD (moderate to advanced periodontitis). Lower
N/L ratio of dogs with benign oral lesions indicates that the inflammatory component
of these tumour types is less developed as in malignant head and neck conditions and
the finding might support the explanation why these tumours behave less
aggressively and do not metastasize. Despite this fact, further studies are needed to
reliably suggest the use of N/L ratio as a potential distinguishing biomarker between

malignant and benign head and neck lesions in dogs.

Significant increases in the number of PLT in patients with NHNC in comparison
with healthy controls correlate with published data suggesting involvement of
platelets in the pathobiology of tumours (Bambace and Holmes, 2011; Egan and
Hannsidal, 2011; Kono et al., 2012; Shao et al., 2011; Sharma et al., 2014). Increase
in PLT count is associated also with other conditions like acute and chronic
infections (Klinger and Jelkmann, 2002). This was confirmed in the study presented
as patients with stage 3,4 PD (moderate to advanced periodontitis) exhibited

significantly higher PLT count in comparison with healthy controls. Despite
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significant differences in platelet counts, the values were still in normal ranges in all

three groups investigated and were not considered as clinically relevant.

P/L ratios revealed to be significantly different between groups investigated, using
univariate and multivariate analysis, showing the highest ratios in patients with
NHNC. As for N/L ratio, P/L ratios were increasing with the severity of the disease.
In contrast to N/L ratios, significant changes in P/L ratios using multivariate analysis
were detected between all groups investigated, also between healthy dogs and dogs
with stage 3,4 PD (moderate to advanced periodontitis), where N/L ratio was not
significantly altered. This finding indicates P/L ratio being more precise biomarker in
detecting the presence of systemic inflammatory response due to different
pathological processes affecting head and neck in comparison with N/L ratio that

appeared to be more specific for neoplastic head and neck lesions.

Platelet volume has been considered as an indicator of platelet activation (De Luca et
al., 2010). More precise estimation of platelet function can be obtained by another
CBC biomarker, platelet large cell ratio (PLCR) (De Luca et al., 2010; Seretis et al.,
2012). PLCR is determining the number of platelets (expressed in %) with larger
volume that is physiologically normal for platelets (De Luca et al., 2010). Increases
in PLCR, indicating the effect of tumour cells on the release of platelets from the
bone marrow (De Luca et al.,, 2010; Seretis et al., 2012) did not prove to be
significantly different between groups investigated. When adjusted to PLCRi, that is
considered even more accurate in estimation of its function, significant differences
were detected among groups of dogs investigated with the highest PLCRi detected in
patients with NHNC according to the univariate statistical analysis. Using
multivariate analysis, PLCRi proved to be significantly different when comparing
patients with NHNC and healthy controls or patients with stage 3,4 PD (moderate to
advanced periodontitis) and healthy controls. As no difference for PLCRi between
healthy dogs and dogs with stage 3,4 PD (moderate to advanced periodontitis) was
found this indicates PLCRi, like N/L ratio, to be more specific biomarker for the
assessment of the inflammatory response in neoplastic and not inflammatory head

and neck conditions, in our case PD. Furthermore, univariate statistical analysis
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revealed differences in PLCRi values between different head and neck tumour types
in dogs but the results were variable, making conclusions about specificity of PLCRi
for specific type of head and neck tumours difficult. Anyway, the highest values of
PLCRi were detected in tumours with more aggressive biological behaviour
(melanoma and carcinoma) in comparison with sarcomas or epulides but further
studies are in progress to assess the role of PLCRi in different head and neck
histotypes. An interesting observation was that malignant melanoma cases exhibited
the highest values of P/L ratios and PLCRi indicating increased involvement of
platelets in the biology of these tumours in comparison with other tumours
investigated. High P/L ratio and PLCRi indicate a high correlation between PLT,
LYM and tumour cells which might be one of the potential explanations for rapid
tumour progression and more frequent metastatic spread of malignant melanoma
tumour cells in comparison with other head and neck tumours. The results are in
accordance with studies suggesting the contribution of platelets to cancer growth and
dissemination (Bambace and Holmes, 2011; De Luca et al., 2010; Seretis et al.,
2012). Platelet activation assessed on the basis of high P/L and/or PLCRi indices
might help to extract cases as potential targets for the use of drugs such as, for
instance, platelet inhibitors, in order to inhibit the progression of tumours and/or

spread of tumour cells causing development of metastases.

As the values of MPV/PLT ratios in diseased groups of dogs were similar, no
significant differences in MPV/PLT ratio between patients with stage 3,4 PD
(moderate to advanced periodontitis) and patients with NHNC were detected. The
significant differences in MPV/PLT ratios were found when comparing those two
groups of dogs with healthy controls. Therefore MPV/PLT biomarker is not
suggested as a potential distinguishing biomarker between inflammatory and
neoplastic head and neck conditions as it, according to the results obtained, indicates
only the ongoing inflammatory response due to PD or neoplastic processes affecting

the head and neck region.

The systemic effects of NHNC and PD on other CBC parameters like white blood

cells, eosinophils and red blood cell counts were also detected. A significantly higher
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WBC counts were detected in dogs with head and neck neoplasia compared to
healthy controls and dogs with stage 3,4 PD (moderate to advanced periodontitis),
which is in agreement with studies reporting the presence of leukocytosis in all solid
tumour types including tumours of head and neck (Itoh et al., 2009; McKee, 1985;
Sakka et al., 2006; Schniewind et al., 2005; Watabe et al., 2011). Despite the fact,
that inflammatory mediators in PD cause a systemic inflammatory response indicated
by increased number of leukocytes (Al-Rasheed, 2012), we proved the opposite, as
no significant differences on WBC count in dogs with stage 3,4 PD (moderate to
advanced periodontitis) were detected, again revealing no considerable systemic
effect of PD. The same was also found in the second part of the thesis as no
significant differences in WBC counts comparing dogs with stage 1 PD and dogs
with stage 3,4 PD (moderate to advanced periodontitis) were detected and where the
values of WBC were within normal reference ranges in both groups of dogs

investigated.

The significant increases in eosinophil counts in dogs with stage 3,4 PD (moderate
to advanced periodontitis) and NHNC, when compared to healthy controls, is in
agreement with studies indicating many tumour types, most commonly solid
epithelial tumours, are associated with tumour and/or peripheral blood eosinophilia
(Tefferi et al., 2005; Samoszuk, 1997). The chronicity of PD was found to be the
cause for eosinophilia seen in canine patients with stage 3,4 PD (moderate to

advanced periodontitis) but was not considered as clinically relevant.

Various studies have tried to evaluate the relationship between PD and anaemia but
present conflicting results. Data from human medicine have shown that red blood
cell counts, haematocrit and haemoglobin levels are reduced in patients with chronic
periodontitis suggesting that chronic stages of PD might be the cause for the
development of anaemia (Hutter et al., 2001; Thomas et al., 2006) and improvements
in parameters have been detected after periodontal treatment (Agarwal et al., 2009;
Rai and Kharb, 2008). Although all patients here were presented with a long lasting
disease process e.g. chronic stage of the PD, we did not find any significant

differences in these parameters when comparing dogs with stage 3,4 PD (moderate to
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advanced periodontitis) and healthy controls which is in accordance with several
human studies that failed to show any association between red blood cell parameters
and periodontal status (Aljohani, 2010; Havemose-Poulsen et al., 2006; Wakai et al.,
1999). Other parameters, like MCV, MCH, MCHC values were not significantly
different in dogs with stage 3,4 PD (moderate to advanced periodontitis) when
compared to healthy controls and the values were within the normal ranges.
Significantly lower values of haemoglobin, haematocrit, MCV and MHC were
detected in a group of dogs with NHNC, when compared to healthy controls, and
could be ascribed to the presence of paraneoplastic syndrome, as other potential

causes for reduced values were not detected.

The overall survival, as expected, was significantly longer in the group of dogs with
benign lesions when compared with groups of dogs with malignant head and neck
conditions. We specifically mention this finding as there were significant differences
in the N/L ratios between groups investigated with lower values of N/L ratios found
in a group of dogs with benign and higher N/L ratios in dogs with malignant head
and neck conditions. Although the overall survivals were observed to be poorer in
dogs with malignant head and neck tumours with high N/L ratios in comparison with
patients exhibiting low N/L ratios the difference was not statistically significant.
Although the linear increases of pre-treatment N/L, P/L, MPV/PLT ratios and PLCRi
have been shown to be associated with worse prognosis and shorter overall survival
in humans with tumours with more aggressive biological behaviour this was not
confirmed in the study presented (Guthrie et al., 2013; Proctor et al., 2011; Proctor et
al., 2013). Our results are in agreement with a study of Mutz et al. (2013) who failed
to demonstrate the prognostic impact of N/L ratio in dogs with multicentric

lymphoma.

As we were not able to confirm the prognostic value of the CBC biomarkers in dogs
with malignant head and neck conditions this might be related to the fact that group
of patients was too small and consisted of dogs with different types of head and neck
tumours with different biological behaviour. Another important fact that needs to be

taken in the account is that the majority of patients with malignant head and neck
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conditions were diagnosed at an advanced stage and received different treatments.
The treatment with different protocols with palliative or curative intent, which is
always a choice of the owner, impacts the overall survival and could have an impact

on statistical results as well.

The results of another study performed by the thesis author (Rejec et al., 2015)
investigating the impact of CBC indices on overall survival of 150 dogs with
different types of malignant tumours and 41 dogs with benign lesions, not only head
and neck tumours and all treated with curative intent protocols showed the potential
to use the CBC indices as prognostic biomarkers as the survival probability of cancer
patients with low N/L, P/L, MPV/PLT and PLCRi was significantly better in
comparison with patients exhibiting higher values of CBC indices (data not shown in

the thesis) (Rejec et al., 2015).

Therefore, further prospective studies investigating CBC indices in different types of
both early-stage and advanced stage malignant head and neck tumours also in
comparison with other clinicopathological, histopathological and
immunohistochemical biomarkers are in progress. In these cases, not only pre-
treatment but also post-treatment assessments of CBC indices may serve as cost-

effective therapeutic decision-making and prognostic biomarkers.

In the first part of the thesis we have demonstrated the differences in the systemic
inflammatory immune responses provoked by both inflammatory and neoplastic head
and neck conditions in dogs assessed by CBC parameters and CBC indices with
more obvious changes in CBC indices detected in dogs with neoplastic head and
neck conditions than in dogs with stage 3,4 PD. Despite that finding we believe, that
dysregulations in immunity of patients with PD exists and may be the cause of

insufficient or unbalanced immune/inflammatory responses.
Therefore, the immune/inflammatory background of PD may be elucidated through

investigation of immune mechanisms that help to maintain a balance between

activation and suppression of the immune responses. In these processes, both innate
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and adaptive immunity play a role (Silva et al., 2015). A healthy periodontium can be
maintained only if the immune responses are able to combat with
periodontopathogens on one side while reducing immune-mediated pathology
processes and (auto)-immune reactions on the other side. Regulatory mechanisms of
these processes are mediated also by Tregs, a focus of the investigation in the second
part of the thesis, which suppress the activation, proliferation and effector function of
a variety of immune cells not only in neoplastic but also inflammatory diseases

(Belkaid and Tarbell, 2009).

Changed frequencies of Tregs have been already demonstrated in several
inflammatory diseases, also in PD (Garlet et al., 2010). Several authors demonstrated
that Tregs, despite having a role in protecting the host from development of the
excessive immune-mediated pathologies, have also the ability to inhibit anti-
microbial effector responses thus helping the pathogens to survive and maintain the
infection (Belkaid and Rouse, 2005; Boer et al., 2015; Majlessi et al., 2008; Mills,
2004; Robertson and Hasenkrug, 2006).

Specifically in terms of PD, the role of T cells in mediating the immune responses is
well-recognized and the balance between different sets and subsets of T cells,
investigated also in the study presented, has been shown to be of the main
importance in the immunoregulatory control of PD (Cardoso et al., 2008; Garlet et
al., 2010; Gemmell et al., 2001; Nakajima et al., 2005; Takeuchi et al., 1991;
Yamazaki et al., 1995) although the exact role and mechanisms still need to be
clarified. Dogs with naturally occurring PD serve as a very good model for the
investigation of PD in both dogs and humans (Hoffmann and Gaengler, 1996; Nemec
et al., 2013) as experimentally induced PD might lack the components of the immune
system participating in the initiation of this prevalent inflammatory/infectious
disease. If the role of Tregs in PD is confirmed, the manipulation of the Treg cell
number and/or function can help to develop new treatment strategies in order to
prevent the development and/or progression of one the most common infectious
diseases, in both humans and dogs, which at the end stage unfortunately always leads

to tooth/teeth loss.
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Although a wide range of pathogens induces Tregs, distinct effects of Tregs have
been demonstrated for different pathogens and in different stages of acute vs chronic
viral or bacterial infections (Boer et al., 2015). Although the suppressive role of
Tregs, accumulating in the gingival tissues during PD in human and animal
experimental models, has been shown to modulate the local immune responses
(Cardoso et al., 2008; Dutzan et al., 2009; Garlet et al., 2010; Nakajima et al., 2005;
Okui et al., 2008; Takeuchi et al., 1991) the data regarding the systemic levels of
Tregs in patients with PD are lacking (Cardoso et al., 2008; Indumathy et al., 2012).
As PD may also result from the failure of peripheral tolerance mechanisms, including
Tregs, it was of our interest to investigate whether stage 3,4 PD (moderate to
advanced periodontitis) in dogs correlates with altered Treg cell homoeostasis

systemically.

Thymus-derived natural CD4'CD25" Tregs were investigated, as they are
suppressing the immune response in several inflammatory and autoimmune diseases,
and PD might be one of them (Baecher-Allan et al., 2001; Foussat et al., 2003;
Valencia et al., 2007). These suppressor cells neutralize other immune cells by
various mechanisms suppressing undesired or even harmful immunological reactions
to self or foreign antigens (Piccirillo et al., 2004; Read et al., 2000; Shevach, 2002).
Cell surface biomarker CD25 and intracellular biomarker FOXP3, accepted as
reliable phenotype markers of Tregs, not only in humans but also in dogs, were used
(Pinheiro et al., 2011). Several authors demonstrated the expression of FOXP3 in
CD4°CD25" T cells, especially in the CD4"CD25™" cells (CD25™¢™ cells; cells
expressing high levels of CD25) with regulatory functions (Frey and Brauer, 2006;
Lin et al., 2007; Mottet et al., 2003). Only CD4" cells with high expression of CD25
have efficiently suppres the proliferative responses, thus being considered as true
Tregs (Baecher-Allan et al., 2001). In the study presented CD4'CD25" T cells
investigated comprised a mixed population of CD4" T cells expressing low-
intermediate-high percentage of CD25. We found that not all, but approximately only
one-third of CD4°CD25" T cells detected expressed FOXP3. Pinheiro et al. (2011)
demonstrated that 5% of CD4 T cells showing the highest CD25 expression
(CD4'CD25"¢") were enriched in cells expressing FOXP3. The frequency of
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CD4'CD25" T cells expressing FOXP3 in our study is similar to the percentage of
CD4'CD25"e"FOXP3™e" T cells detected in a study of Pinheiro et al. (2011).
According to this finding, we can speculate that CD4'CD25" T cells expressing
FOXP3 in the study presented are CD4" T cells with high levels of CD25
(CD4"CD25™&" T cells) and can be thus considered as true Tregs (Baecher-Allan et
al., 2001; Pinheiro et al., 2011).

Significantly lower peripheral blood and regional lymph node levels of Tregs in dogs
with stage 3,4 PD (moderate to advanced periodontitis) in comparison with dogs with
stage 1 PD (gingivitis) are indicative of an impaired immunity and are most
potentially a consequence of a significant reduction in CD4" T cells, confirmed also
in dogs with stage 3,4 PD (moderate to advanced periodontitis). Further, a significant
decrease of CD4'CD25 ' FOXP3" Tregs detected in dogs with stage 3,4 PD (moderate
to advanced periodontitis) indicates on an impaired suppressive function of these
cells as this phenotype indicates their suppressive potential (Ziegler et al., 2006). The
same was found by Pinheiro et al. (2011), who showed, that peripheral blood
CD4'CD25"E"FOXP3™E" T cells in dogs show regulatory phenotype and suppressive

function in vitro.

Our results are in agreement with studies in both human and animal models, which
have demonstrated that a decrease of Tregs in peripheral blood contributes to
immune disorder related diseases and PD could be one of them. If a decrease in the
number of Tregs in the study presented is a cause or a consequence of stage 3,4 PD
(moderate to advanced periodontitis) remains to be elucidated as the patients were
not followed in a longer period of time, more precisely before the onset of the
development of more advanced stages of PD where attachment loss is present for
instance stage PD2 and further stage 3,4 PD (moderate to advanced periodontitis)
and after treatment. An interesting finding in the study was the identification of some
patients with stage 1 PD (gingivitis) and patients with stage 3,4 PD (moderate to
advanced periodontitis) exhibiting similar values of Tregs. Analysis of Tregs in such
cases might serve as a useful diagnostic/prognostic tool to identify and follow

individuals with lower levels of Tregs who might be at risk of developing more
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serious stages of PD in the future.

Although the pathogenesis and progression of PD is immune-mediated it is also
genetically dependent (Moutsopoulos and Madianos, 2006). Genetic factors, reported
to have an important impact on thymic output of Tregs, might be one of the causes
for reduced production of Tregs (Buckner, 2010). If lower levels of Tregs in the
peripheral circulation and regional lymph nodes in dogs with stage 3,4 PD (moderate
to advanced periodontitis) are a consequence of genetic factors needs to be

elucidated in further studies.

Next, autoimmune disorders are characterized by the loss of self-tolerance, which
can be partly attributed to alterations of regulatory T cell populations. Although PD
is not considered primarily as an autoimmune disease, there are reports indicating
that PD has an autoimmune component (Anusaksathien et al., 1992; De-Gennaro et
al., 2006; Hirsch et al., 1988; Nair et al., 2014; Tabeta et al., 2000; Yamazaki et al.,
2002). The significant reduction in the regulatory T cell populations detected in dogs
with stage 3,4 PD (moderate to advanced periodontitis) could occur as a result of
defects in the thymopoeisis, more precisely defects in T-cell compartment in the
thymus that further affect the thymic development of Tregs and led consequently to
development of an autoimmune disorder, in our case stage 3,4 PD (moderate to
advanced periodontitis) (Nair et al., 2014; Shevach, 2002). The results obtained are
in agreement with authors of several studies who indicated that the loss or the
reduction of natural Tregs leads to the development of autoimmune disorders. If this
is true, the emergence of autoimmunity that could be related to diminished frequency
of Tregs in peripheral circulation and regional lymph nodes in dogs with advanced
stages of PD, for instance stage 3,4 PD (moderate to advanced periodontitis) can be

suggested.

Although Tregs in the study presented were not measured locally, next potential
explanation for the reduced peripheral blood and regional lymph nodes frequency
might be peripheral migration of Tregs to the site of inflammation like in other

immune-mediated diseases, an example are systemic lupus erythematosus and
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rheumatoid arthritis in humans (Chavele & Ehrenstein, 2011). As already
investigated by several authors, natural Tregs preferentially accumulate at the site of
the inflammation, also in PD, where they limit the effector immune responses and
promote pathogen survival. In human periodontitis patients several reports have
demonstrated increased infiltration of Tregs with the proportion of CD4'CD25" T
cells in lymphocytes and FOXP3 extracted from gingival tissues higher than that in
peripheral blood (Takeuchi et al., 1991; Okui et al., 2012; Duarte et al., 2011;
Nakajima et al., 2005; Kim et al., 2010). In the study presented the local
inflammation in gingival tissues was present in all dogs with stage 3,4, PD (moderate
to advanced periodontitis) and according to the facts mentioned it could recruit Tregs
from the periphery and subsequently lead to the reduction of circulating Tregs in

peripheral blood and regional lymph nodes.

Maintenance of peripheral Tregs is a dynamic process, influenced by cytokine
microenvironment, which favours the induction of Tregs in the peripheral circulation
(Wolf et al., 2005). Systemic effects of PD are related to the permeability of
periodontal tissues to inflammatory cells and consequent production and
accumulation of of pro-inflammatory cytokines, which might have suppressive
function towards Tregs. One of such cytokines is TNF-a found to be associated with
the presence of periodontopathogenic bacteria (A. actinomycetemcomitans and P.
gingivalis) (Cray, 2012; Gabay & Kushner, 1999). Peripheral blood TNF-a has been
shown to be elevated in rats and humans with PD (Passoja et al., 2010). Although not
measured in the study presented, TNF-a might be suppressive to Tregs, reducing
their number in peripheral circulation. Several other factors like CD28, TGF-8,
dendritic cells (DC), IL-2, IL-4, IL-7 and IL-15, although not investigated in the
study presented and are involved in the pathogenesis of PD, guide proliferation,
function and survival of Tregs (Cray, 2012; Gabay & Kushner, 1999). IL-2 is
important for the growth of Tregs supporting their development in the thymus and
the maintenance of peripheral homeostasis by signalling through CD122. P.
Gingivalis, one of the most common periodontopathogens in both humans and dogs,
can suppress the accumulation of IL-2, which further attenuates T cell proliferation

and alters adaptive immune responses (Khalaf & Benthsson, 2012). TGF-8 is one of
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the cytokines secreted by Tregs and is associated with survival and function of Tregs
promoting their differentiation by regulating the signalling pathways and induction
of FOXP3 expression (Peng et al., 2004). TGF-B has been shown to be associated
with periodontal inflammation in both humans and in dogs (Gurkan et al., 2006;
Skaleri¢ et al., 1997). The levels of TGF-B1 in beagle dogs were elevated in
moderate PD but with the progression of the disease significant decreases of TGF-B1
in gingival fluid samples and serum of dogs with experimentally induced advanced
periodontitis were demonstrated (Skaleri¢ et al., 1997). We can speculate that
insufficient production of TGF-B in dogs with stage 3,4 PD (moderate to advanced
periodontitis) could attribute to reduced frequency and impaired function of Tregs

and consequent promotion of the development and persistence of PD in dogs.

“In periodontitis, the effector immune response has to be regulated to control the
bacterial growth and dissemination and to prevent tissue damage” (Kalburgi et al.,
2013). The number of immune cells and their effector functions are under strict
control of Tregs. We additionally confirmed significantly lower values of other
peripheral blood lymphocyte subpopulations (CD4" CD8" and CD5" T cell-subsets
and CD21" B cells) in dogs with stage 3,4 PD (moderate to advanced periodontitis)
compared to dogs with stage 1 PD (gingivitis), which might be the effect of disturbed
Treg cell homoeostasis. If reduced helper and suppressor T cell frequencies existed
before the onset of the PD or developed as a consequence of the disease or were

determined by individual intrinsic factors remains to be elucidated in further studies.

Helper T cells (CD4") are activators of humoral and cellular-mediated immunity
playing an important role in recognising and fighting against bacterial infections,
also PD (Yamazaki et al., 1995). CD4" T cells have been reported to accumulate in
gingival tissues participating in the inflammatory process promoting the severity of
the disease (Takeichi et al., 2000; Yamazaki et al., 1995). These cells are also
suggested to be responsible for the chronicity of the disease (Jotwani et al., 2001;
Takeichi et al., 2000; Yamazaki et al., 1995). In PD, periodontopathogens activate
peripheral host’s defence mechanisms and stimulate peripheral migration of cells
locally (Cardoso et al., 2008) by altering T cell responses (Khalaf & Benghtsson,
2012) This was showed by Yilmaz et al. (2008) who confirmed the association of
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CD4" T cells with P. gingivalis and indicated that CD4" T cells move to the site of
inflammation where they modulate cytokine production and protective (Thl) or
destructive (Th2) immune responses. Decreases of CD4" T cells in peripheral blood
detected in our study might be ascribed to the migration of these cells to periodontal
tissues lowering the values of CD4" T cells in the periphery. This is in agreement
with studies showing a reduced number of CD4" T cells in peripheral blood of
human patients with chronic forms of periodontitis (Erciyas et al., 2006; Orbak et al.,
2003). That PD decreases peripheral blood CD4" T cells was shown also in
experimentally ligature-induced PD (Manti et al., 1984).

How cytotoxic T cells (CD8") that are regulated by Tregs (Cifcibasi et al., 2015)
participate in PD is not fully elucidated yet but it is agreed that their role relates to
the CD4" T cell responses (Pfifer et al., 1993). CD4" T cells and CDS8" T cells
regulate each other in vivo and defects in one T cell subtype might cause further
imbalance of the other subset (Mosmann & Coffman, 1989; Read et al., 2000) with
the end result of these uncontrolled activation leading to tissue damage (Artese et al.,
2011; Cifcibasi et al. 2015). Stimulative effect of CD4" T cells to B cells in
antibodies production, recruiting and activating inflammatory cells (macrophages,
neutrophils, eosinophils and basophils) to the site of inflammation are well described
(Mosmann & Coffman, 1989). Inadequate numbers of CD4" T cells detected in the
study presented could be responsible for ineffective B cells responses (as detected by
low number of CD21 B cells) and consequently impaired or unsatisfactory defence
against periodontopathogens. Potentially ineffective B cell responses can be ascribed
to significant reduction of peripheral B cells as detected by low expression of CD21"
B cells in dogs with stage 3,4 PD (moderate to advanced periodontitis) when
compared to dogs with stage 1 PD (gingivitis). According to the literature data
published, a depression of CD8" T cells due to PD occurs but is more stable in
comparison with CD4" T cells (Kinane et al., 1989). Fluctuations of CD4" T cells
due to PD exist and reflect the individual disease progression, being depressed during
active or progressive phase and returning to normal when periodontal process reverts
to stable, inactive state (Katz et al., 1988; Kinane et al., 1989). This might explain the

inconsistent reports regarding the percentages of subpopulations of T cells and
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CD4/8 ratios. In our study chronic but active stage of stage 3,4 PD (moderate to
advanced periodontitis) in dogs attributed to similar depression patterns of both T
cell subpopulations investigated (CD4", CD8"), although CD8" T cells in the study
presented revealed to be depressed more than CD4" T cells. The results of ratios
between peripheral blood CD4" and CD8" T subpopulations of human patients with
PD are mixed (Katz et al., 1988; Kinane et al., 1989; Negasawa et al., 1995;
Takahashi et al., 1995). No alterations in CD4/8 ratios in early and chronic stages of
PD were detected but depressed CD4/8 ratios have been confirmed in patients with
juvenile PD and rapidly progressive PD (Kinane et al., 1989). In our study CD4/8
ratio was found to be elevated but not statistically significant which is in accordance
with studies of Katz et al. (1988) and Orbak et al. (2003) who found no significant

differences in CD4/8 ratios between groups of patients investigated.

As the pathogenesis of the PD is very complex (Teles et al., 2013) it is difficult to
find the cause-effect relationship responsible for the development of advanced
periodontal lesions. The results of the second part of the thesis indicate on the
involvement of regulatory T cells and other lymphocyte T and B subpopulations in
the periodontal disease pathogenesis that might be responsible for multiplication,
activity and persistence of periodontopathogens and could in the further studies
represent a target for new treatment strategies of this devastating disease in both dogs

and humans.

As proved in the first two parts of the thesis the inflammatory and neoplastic head
and neck conditions having its own characteristics exert different systemic effects
confirmed by differences in CBC indices in both conditions and regulatory T cells
along with other lymphocyte subpopulations in PD. Although both neoplastic and
inflammatory head and neck conditions are classified in several ways, including
clinical investigation into the extent of the disease (clinical staging), classification of
the host and the disease, histologic diagnosis, grading and prognostic significance
(Arzi & Verstraete, 2012), many questions regarding the pathogenesis of above
mentioned conditions remain unclear and open. New insights into the biology of both

inflammatory and neoplastic head and neck conditions at the molecular level are
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necessary as they could lead to therapies that may block inflammatory/immune and
the carcinogenic processes especially during the early stage and keep local/distant
disease under control. A better understanding of the mechanisms behind the
aggressiveness of malignant canine head and neck tumours, especially those of
tonsillar and sino-nasal origin which are the most difficult to treat, is necessary.
Differences in the biologic behaviour as well in the prevalence of local recurrences
and/or distant metastatic disease, occurring frequently in these types of cancers, may
develop as a consequence of abnormalities in intracellular signalling pathways where
both proliferation of tumour cells and angiogenesis play an important role (Farber et
al., 1984; Ferrara, 1999; Hicklin & Ellis, 2005). Our next aim was, therefore, to
investigate the differences between inflammatory, benign and malignant head and
neck conditions in dogs that might be related to the different expression pattern of

the angiogenic and proliferative factors, like VEGFR-2 and Ki-67.

The VEGF, one of the most important mediators of angiogenesis, is normally in low
levels expressed in both human and animal tissues (Folkman, 1990; Papetti &
Herman, 2002; Ziche & Gullino, 1982). High intratumoral VEGF expression
correlates with VEGF function through its three receptors (VEGFR-1, -2, -3) acting
on endothelial cells of existing blood vessels and promoting new blood vessel
formation (Ferrara et al., 2003). VEGFR-2 was chosen as several evidence suggest
the involvement of VEGFR-2 in the angiogenesis of the neoplastic processes (Ferrara

et al., 2003; Ferrara, 2004; Kim et al., 2006; Olsson et al., 2006;).

The role of VEGFRs has been confirmed in the pathogenesis of several diseases of
inflammatory, (auto)-immune-mediated origin such as inflammatory bowel disease
or rheumatoid arthritis for instance (Costa et al., 2007; Detmar et al., 1994;
Scaldaferri et al., 2009) and neoplastic diseases (Waldner et al., 2010). Data
regarding the expression of VEGFR-2 in benign and inflammatory oral conditions
are lacking in both human and veterinary medicine. Although no
immunohistochemical expression of VEGFR-2 in epithelial cells of oral
inflammatory lesions and neoplastic cells of oral benign tumours was confirmed in

the study presented, it needs to be mentioned that VEGF and its receptors might have
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been expressed as well in these conditions. Our results are similar to the results of
human studies indicating normal and mildly dysplastic oral epithelium expresses no
VEGF/VEGFRs or expresses significantly lower values, respectively, when
compared to neoplastic samples (Eisma et al., 1997; Denhart et al., 1997; Li et al.,
2005).

In the context of inflammatory and neoplastic diseases, it needs to be mentioned that
inflammation as such could contribute to the development and progression of various
cancers (Angelo & Kurzrock, 2007). VEGF signalling in angiogenesis might,
therefore, represent an important correlation between inflammation and tumour
development but the molecular mechanisms of angiogenesis in inflammation
associated with cancer development are still poorly understood and remain to be

elucidated (Waldner et al., 2010).

In the study presented we demonstrated the differences in clinicopathological and
immunohistochemical features of malignant tumours arising from the head and neck
with special regard to VEGFR-2 expression and confirmed its potential role in
oncogenesis and prognosis of more advanced malignant tumours of the head and
neck in dogs. The molecular expression of VEGFR-2 in malignant but not benign
and inflammatory head and neck conditions was confirmed in 53.3% of tumour cells
of epithelial and 64.7% of other tumours consisting of MM+SAR head and neck
tumours. Data obtained are in agreement with studies in human medicine confirming
the expression of VEGFRs in tumour cells of several human neoplastic tissues of
urogenital, pancreatic, mammary, colorectal or non-small lung cell carcinomas
including head and neck carcinomas (Amaya et al., 1997; Donnem et al., 2010;
Gratzinger et al., 2009; Ryden et al., 2003; Seto et al., 2006). In veterinary medicine
VEGFR-2 protein has already been detected in several types of canine carcinoma and
sarcoma tumours (oral and cutaneous melanomas, mammary tumours, cutaneous
SCC and trichoepitheliomas, hemangiosarcoma, cutaneous fibrosarcoma, apocrine
gland anal sac and thyroid carcinoma) (Al-Dissi et al., 2007; Al-Dissi et al., 2009;
Al-Dissi et al., 2010; Millanta et al., 2006; Rawlings et al., 2003, Rebuzzi et al.,
2007; Restucci et al., 2004; Urie et al., 2012, Yonemaru et al., 2006). Flickinger et al.
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(2013) demonstrated the cytoplasmatic VEGFR-2 in canine oral melanoma cell line

and reduction in the activity of VEGFR-2 after radiation with increasing dosages.

Our results agree with the human data where positive staining of VEGFR-2 on
tumour cells of head and neck SCC was demonstrated (Kyzas et al., 2005; Lalla et
al., 2003). We noted positive immunohistochemical reaction for VEGFR-2 in tumour
cells of malignant head and neck conditions with cytoplasmic expression. In canine
head and neck tumours with high expression of VEGFR-2, a higher expression of the
receptor in the centre of the tumour nests when compared with those on the
periphery. We immunohistochemically, for the first time, demonstrated VEGFR-2
expression in canine sino-nasal SCC which expressed the highest percentage of
VEGFR-2 in comparison with all other malignant head and neck tumours. The
observation in these tumours types can be explained by the presence of an adaptive
response of the tumour cells to lower perfusion and consequently to a relatively
lower oxygenation (that develops as a consequence of hypoxia, a frequent finding in
tumours) which facilitates the increased expression of VEGF/VEGFRs promoting
growth and development of new vessels providing enough oxygen for new tumour

cell proliferation (Papetti & Herman, 2002; Stinga et al., 2011).

Additionally, we observed that VEGFR-2 overexpression moderately correlated with
the presence of tumour necrosis. This is in accordance with several studies
demonstrating that VEGF expression is attenuated in tumour cells close to areas of
necrosis (Brown et al., 1993). According to Du et al. (2003), this may be explained
by hypoxia, which stimulates VEGF expression and its biological activity. In
addition, Leek et al. (1999) suggest that an association between higher vascular

density and increasing necrosis exists.

According to the expression pattern of VEGFR-2 demonstrated in canine malignant
head and neck tumours, VEGFR-2 may serve as one of the potential regulators of
tumour aggressive behaviour having a significant role in carcinogenesis by mediating
tumour angiogenesis, especially in canine sino-nasal SCC. Furthermore, the
differences in the expression pattern of VEGFR-2 between benign+inflammatory vs

malignant or oral vs sino-nasal head and neck tumours, confirmed in the study
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presented, might offer a potential explanation for the differences in their less or more

aggressive biological behaviour.

Further investigation was focused on the detection of Ki-67, an important prognostic
biomarker in human and also veterinary oncology, which labels cells in the
proliferative phase (S, G2, M and G1) and indicates the cell proliferative activity (Yu
et al., 1992). Ki-67 offers a rapid and reliable estimate of the neoplastic cell growth
fractions (Gerdes et al., 1986). We detected the expression of Ki-67 in all cases
investigated with the lowest expression of Ki-67 in inflammatory and benign oral
conditions when compared with malignant ones. Among malignant cases epithelial
head and neck tumours expressed more Ki-67 and the intensity of expression of Ki-
67 in comparison with MM+SAR head and neck tumours was stronger. An
interesting finding was that inflammatory sample tissues expressed more Ki-67 in
comparison with benign sample tissues where the intensity of expression appeared
negative or was very mild. The results of the study also showed that Ki-67 was
significantly higher in tumour samples with strong reactivities to VEGFR-2 than
those with weak reactivities. We confirmed that all sino-nasal SCC tumours
investigated, which were demonstrated to express the highest level of VEGFR-2, had
the highest proliferative activity. The correlation between proliferation and
angiogenesis of tumour cells, the major source of VEGF and the increase of
proliferative index is ascribed to the angiogenic activity of VEGF, which can also be
true for this group of tumours (Takahashi et al., 1995). The hypothesis is that VEGFs
form an autocrine loop with VEGFRs (VEGFR-1 and VEGFR-2) expressed on
tumour cells thereby enabling a tumour to regulate its own survival, growth and
progression (Fan et al., 2005; Tanno et al., 2004). High proliferative activity of
tumour cells in sino-nasal SCC may, therefore, be potentially induced by the
presence of hypoxia in these tumour types stimulating angiogenesis (Semenza &
Wang, 1992; Shweiki et al., 1992). During tumour growth the distance between
tumour cells and blood vessels increases which negatively affects the delivery of
oxygen and nutrients (Waldner et al., 2010). The tumour cells adapt to this

hypooxygenated environment by stimulating new angiogenesis (Waldner et al.,
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2010). Well-vascularized and oxygenated environment then allows the tumour to

grow as tumour cells can proliferate further (Ferrara, 2009).

Shiomitsu et al. (2009) demonstrated the expression of VEGF in canine epithelial
tumours of the nose. Of 24 tumour samples 22 (91.7%) stained positive for VEGF. In
accordance with the results of his study, significantly higher expression of VEGFR-2
and Ki-67 in canine sino-nasal epithelial tumours by our study could support the
hypothesis that VEGF may be an autocrine growth factor for epithelial tumour cells
and that the autocrine growth regulatory role may be mediated through VEGFR-2.
Furthermore, over-expression of VEGFR-2 and Ki-67 in sino-nasal tumours may
thus correlate with more aggressive tumour behaviour, advanced stages and poor
prognosis and this was true for all canine patients investigated. All dogs with sino-
nasal SCC expressing higher levels of VEGFR-2 and Ki-67 were diagnosed at an
advanced stage and the prognosis in comparison with other dogs investigated was
worse. The finding might be supported by the presence of tumour hypoxia on one
side and high proliferative activity of tumour cells on the other side. These
conditions have been demonstrated to be associated with poor therapeutic outcome
(Harris, 2002; Zhang et al., 2003). Low proliferative activity of tumours arising from
the head and neck correlated with poor treatment outcome in comparison with
tumours that had higher proliferative activity (Couture et al., 2002; Freudelsperger et
al., 2012; Kennedy et al., 1997). The rapid response to radiotherapy of highly
proliferative tumours demonstrated in the study presented in 4/7 dogs with advanced
head and neck SCC is confirming this finding. It is true that high proliferative
activity of tumours leads to rapid responses to radiotherapy but it needs to be
investigated further if the high expression of these two biomarkers might be also
responsible for more rapid recurrences of these tumours. An additional therapeutic
benefit in these cases could be achieved by targeting the VEGFR-2 pathways and/or
other proliferative and hypoxia pathways involved in the pathogenesis of these

tumour types.

Although not investigated in the study presented assessment of intratumoural
microvessel density (MVD), which is considered to be a marker of the neo-

angiogenesis process as it reflects the amount of small blood vessels within the
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tumour (Orre & Rogers, 1999) could offer additional information. VEGF/VEGFRs
expression correlated with high MVD and poor prognosis in human cancer patients
(Takahashi et al., 1995; Toi et al., 1995; Yamamoto, Konishi et al., 1997). It has been
demonstrated that MVD determined in primary tumours is significantly associated
with local growth, metastases and prognosis in for instance human breast, prostate
carcinomas and haematological malignancies and is most predictive in those tumours
that induce significant angiogenesis (Nico et al., 2008). Canine seminomas (Restucci
et al., 2003), SCC (Al-Dissi et al., 2007) or lymphomas (Wolfsberger et al., 2008)
showed increased MVD as well. The data regarding the value of MVD in the context
of the radiotherapy treatment of advanced tumours of the head and neck is still
debatable, as some authors proved that higher MVD in tumour biopsy specimens
significantly correlated with better radioresponse while others proved the opposite
(Zhang et al., 2003). Since angiogenesis is induced by hypoxia, neovasculature
should be taken as an indicator of hypoxia according to some authors (Aebershold et

al., 2000; Zhang et al., 2003).

Different results were obtained for canine oral SCC. Despite the expression of all
three receptors (VEGFR-1, 2, 3) on the tumour and vascular endothelial cells (the
main source of VEGFs/VEGFRs) of human oral SCC, the VEGFR-2 is most
common receptor detected (Kyzas et al., 2005; Lalla et al., 2003; Moriyama et al.,
1997; Neuchrist et al., 2001). In contrast with sino-nasal SCC, only 20% of oral SCC
cases expressed VEGFR-2 and the percentage of the expression was very low.
According to THC scoring, these tumours were considered as VEGFR-2 negative.
The results obtained in the study presented correlate with the results of several
human studies indicating no positivity for VEGFR-2 in HNSCC then studies
revealing positivity for VEGFR-2 detected in those tumour types (Neuchrist et al.,
2001; Sato & Takeda, 2009). Furthermore, a significant difference between oral
carcinoma tumours, when compared with oral malignant melanoma tumours, was
detected with the latter expressing more VEGFR-2. Similar to the results of Rawlings
et al. (2003) who previously confirmed VEGFR-2 positivity in both oral and
cutaneous melanoma samples in dogs, all oral malignant melanoma samples studied,

stained positive for VEGFR-2, although the expression varied from 1-30%.
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Higher expression of VEGFR-2 in canine oral MM and SAR tumours in comparison
with oral epithelial tumours may indicate on their different biological behaviour, also
in the context of development of distant metastases which were present in 18%
(3/17) of dogs with MM+SAR tumours (1 osteosarcoma and 1 rhabdomyosarcoma).
An interesting observation was that the sample tissues of those patients showed the
strongest expression of VEGFR-2 among all mesenchymal samples. On the contrary,
the expression of VEGFR-2 in the rest of 71% (12/17) mesenchymal tumour samples
was low or negative and all the patients were free of metastasis. Only two patients
from this group after treatment developed and died due to pulmonary metastasis,
both of them were malignant melanoma cases while the reason for death of other
patients was local tumour progression or other systemic diseases. High expression of
VEGFR-2 in a study of Simiantonaki et al. (2007) has been shown to have an
inhibitory effect on development of distant metastasis in human patients with
colorectal carcinoma. The results of sino-nasal carcinoma cases, expressing high
percentage of VEGFR-2, are supportive of this finding, as none of the patients was
diagnosed or developed or died due to distant metastatic disease despite advanced
tumour stages. How and if high expression of VEGFR-2 in canine patients with MM
and SAR oral tumours affects the development of distant metastasis, needs to be
clarified in further studies, as the number of cases in the study presented is too low
that would allow making any relevant conclusions regarding this as tumoral
expression of not only VEGFR-2 but also VEGFR-1 may have both protective effect

or can act as negative regulator for processes facilitating metastases.

Ki-67 and VEGFR-2 expression in neoplastic cells of canine head and neck tumours
investigated showed no significant correlation with degree of differentiation and
grade of the tumours. Despite this finding, there was a trend towards positive relation
between the VEGFR-2 expression and the degree of histological differentiation. As
in the study of Stinga et al. (2011) poorly and moderately differentiated tumours
expressed less VEGFR-2 while the majority of tumours expressing the highest level
of VEGFR-2 were well-differentiated tumours.

The most important factors, which dictate the potential overall effectiveness of the

treatment modalities chosen, and of course, have an impact on the survival of HN
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tumour patients are, site, size, stage and histopathological biomarkers of the tumours
(Bergman & Wolchok, 2008). Although histopathological variables investigated
including histological type, grade, mitotic rate, invasiveness and/or degree of
differentiation, differed between different head and neck histotypes, the variables did
not prove as predictors of survival of dogs with neoplastic head and neck tumours
investigated. There was a trend of increased overall survival of dogs with low
number of mitosis and dogs with well-differentiated tumours, but the difference was
not statistically significant. In contrast, site (location), stage, grade and the presence
of necrosis affected the overall survival of dogs investigated. Dogs with oral tumours
lived significantly longer than dogs with sino-nasal tumours. Advanced stages of the
head and neck tumours and the identification of necrosis in the pathohistological
specimens correlated with shorter overall survival. Furthermore, the negative
prognostic significance of VEGFR-2 in dogs with neoplastic head and neck
conditions was confirmed. Our results are in agreement with studies indicating the
overexpression of VEGFs/VEGFRs is associated with tumour aggressiveness, poor
treatment outcome and decreased survival in both humans and companion animals.
The results of several studies from human and also veterinary medicine demonstrated
high positive rates of Ki-67 as unfavourable prognostic factor (Bergkvist et al., 2011;
Nichols et al., 2012; Scase et al., 2006; Sittel et al., 1999). In contrast with VEGFR-
2, the proliferative marker Ki-67 did not prove as negative prognostic factor in dogs
with malignant tumours of the head and neck despite observation that low expression
of Ki-67 was associated with longer overall survival. The results agree with the
results of the study of Fu et al. (2014) who confirmed no significant relationship with
survival time despite the tendency for high proliferative index to be correlated with

poor survival of dogs with nasal carcinoma.

Overexpression of VEGFR-2 in advanced canine head and neck tumours was
significantly associated with poorer response to treatment and shorter overall
survival times. As the role of VEGFR-2 as unfavourable prognostic biomarker in
dogs with malignant head and neck conditions was confirmed further work is
focused to ascertain how different expression levels of VEGFR-2 can be used in

screening, diagnosis, monitoring and prognosis of dogs with different types of head

148



and neck neoplasia. Furthermore, dogs with head and neck tumours of malignant
origin expressing VEGFR-2 may benefit from using the biologically target drugs
inhibiting angiogenesis as monotherapy or as a part of multimodal treatment

approach.

Disease control and organ function preservation are two the most important goals of
the treatment of advanced SCCs affecting head and neck in both human and
veterinary medicine with radiotherapy as one of the crucial and most common
treatment modalities applied. Improvements in the treatment strategies are needed as
they can improve the overall treatment response and prognosis of patients with these
types of cancer. No generally accepted consensus regarding treatment
strategy/strategies in both human and veterinary medicine indicates that treatment of
these types of tumours is difficult and very often unpredictable. Diversities in gene
and/or protein expression in tumours of head and neck might also explain response
variations of the patients to the same treatment modality and immunohistochemical
analysis of those tumours might help to improve the treatment strategy. Furthermore,
treatment decision making for these types of cancer must take into the consideration
not only the optimal treatment strategy for local/regional tumour control but also

associated toxicities and potential morbidity due to treatment modalities chosen.

The population of canine patients included in the last part of the thesis were patients
with advanced SCCs of the head and neck. All dogs were otherwise healthy but
advanced stages of head and neck SCC made these cases poor surgical candidates.
Instead, radiotherapy appeared as only treatment modality possible. Radiation
treatment possibilities for canine cases presented here included the use of a standard
definitive daily radiation therapy protocol consisting of 3 Gy per fraction in 16-18
treatment days to a total dose of 48-54 Gy (Liptak & Withrow, 2007). Although an
accelerated chemoradiotherapy protocol consisting of 3.5 Gy fractions to a total of 49
Gy delivered twice daily in 9 days described by Fidel et al. (2011) has not been
described for the treatment of advanced canine head and neck SCC, it was suggested
as an alternative option in the canine cases presented. The rationale was the possible
specific biological behaviour of these tumours, especially the aggressive tonsillar

SCC and sino-nasal SCC cases, the short overall treatment and hospitalisation times
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(standard and high dose definitive protocol 22-24 days vs. only 9 days) and lower
treatment costs (less treatment fractions and anaesthetics, less time in hospital) which
were factors that convinced clients to choose the latter. Other reported accelerated
regimen using a larger dose per fraction (e.g. accelerated hypofractionated radiation
protocol; 4.8 Gy daily over a period of 10 days to a total dose of radiation of 48 Gy)
could also be used, but this could potentially lead to an increased risk of delayed

toxicity due to higher dose fraction used.

Accelerated repopulation of tumour cells during the conventional fractionated
radiotherapy has been recognised as an important determinant of local control and
possible cause of treatment failure in human head and neck squamous cell
carcinomas, especially if the overall treatment time is prolonged (Trott &
Kummermehr, 1985). This hypothesis is supported by laboratory as well as clinical
data, which showed median potential doubling times in many SCC tumours of only
approximately 4 days (Bentzen, 2003; Withers, 1985). These observations have led
to the development of alternations in fractionation protocols, whereby radiotherapy is
administered in a shorter overall time using multiple daily fractions. In accelerated
fractionation protocols the overall treatment time is reduced while the fraction size
and total dose remain unchanged (Harai et al., 2005). The reduction in the overall
treatment time prohibits the regeneration and consequent repopulation of tumour
cells (Harari et al., 2005). On the other side, the reduction in overall treatment time
however influences the response of healthy tissue and will lead to an increase in

acute side effects (Fu et al., 2000; Harari et al., 2005; Horiot et al., 1997).

Theoretical differences between protocols can be evaluated by comparing the
biological effective dose (BED) for early and late responding tissues for each
protocol. The BED for one type of tissue is function of the dose per fraction and the
number of fractions, and consequently the total dose, as well as the alpha/beta ratio
of the evaluated tissue type (tumour or normal tissue). However, the basic BED
calculation uses standard definitive protocols for models and does not take into
account the length of treatment period and a correction factor should be included
when the treatment time is reduced, like in case of accelerated protocols. Such a

factor can be used with some specific knowledge about the tumour cell biology
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(potential doubling time, cell loss factor) and an adjusted BED can then be
calculated. However, an approximated BED (without adjustment) can be used when
comparing protocols between them if the overall treatment time is similar. In
presented report, the BED or the accelerated chemoradiotherapy protocol used is
66.15 Gy for early and 106.17 Gy for late responding tissues. Using a
hypofractionated accelerated course with 10 fractions of 4.8 Gy (over 12 days) would
give an approximated BED of 71.94 Gy for early and 124.6 Gy for late responding
tissues (Hall, 2000). In that case, the potential for tumour control and acute side
effects is possibly increased, yet the risk of delayed radiation-induced complications
is certainly much higher and such a protocol might not be recommended if a long-
term tumour control is possibly expected such as early stage tumours or more rostral

oral SCC in dogs for instance.

The therapeutic benefit of adding chemotherapeutics as radiosensitizers to the
radiotherapy treatments has been established for human squamous cell carcinomas at
many tumour sites, including head and neck cancers, oesophageal, cervical and anal
carcinomas (Apisarnthanarax et al., 2011). The biological mechanisms of interaction
between chemotherapeutics and radiotherapy include interactions at molecular,
cellular and tissue levels. Chemotherapeutics sensitise tumours to radiotherapy by
inhibiting tumour cell repopulation, killing hypoxic cells, inhibiting the repair of
sublethal radiation damage, sterilising micrometastatic disease in the radiation field
and decreasing the tumour mass which leads to improved blood supply and
reoxygenation (Argiris, 2002; Douple et al., 1985). When looking the recent data
published in veterinary medicine the results of study of Petznek et al. (2014) supports
the idea of using concomitant chemoradiotherapy instead of single treatment
modalities. Although investigated on different tumour type cells and models, the
authors proved in vitro (on feline injection site sarcomas derived primary tumour cell
lines) and in vivo (on corresponding xenograft tumour mouse models) the efficacy of
a concomitant chemo-/radiation therapy with doxorubicin resulting in a significant
reduction in tumour growth compared to the respective monotherapies with either

doxorubicin or radiation (Petznek et al., 2014).
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All our patients received carboplatin, shown to have radiosensitization properties
(Douple et al., 1985), along with radiation therapy, but the actual benefit in our cases
remains unknown and any tumour control or survival improvement only
hypothetical. As stated, chemotherapeutics can be used as radiosensitisers, however,
the literature suggests that there is no effective chemotherapeutic agent, used alone,
for the treatment of oral/pharyngeal or sino-nasal SCC. Several chemotherapeutic
drugs were investigated with very limited success (Boria et al., 2004; Brooks et al.,
1988; Buhles & Theilen, 1973; De Vos et al., 2005; Fox et al., 2000; Mauldin et al.,
1988; Ogilvie et al, 1993). In veterinary medicine, beneficial effect of an accelerated
chemoradiotherapy protocol (carboplatin used as a radiosensitizer) on the survival of
cats with oral/tonsillar SCCs, was proved by Fidel and colleagues in comparison with
accelerated radiotherapy protocol alone (Fidel et al., 2007; Fidel et al., 2011).
Cisplatin combined with radiation, but not accelerated, for the treatment of canine
nasal tumours did not improve survival times significantly (median survival time,
474 days) in comparison with other studies that used radiotherapy alone (Lana et al.,
1997). However, chemotherapy can be a part of multimodal treatment approach that
might help to improve the local tumour control and survival times. Additional
chemotherapy is rarely warranted for rostral gingival SCC because of the low
metastatic potential and it was not considered in the dog with rostral gingival SCC
(Liptak & Withrow, 2007). However, it could be considered for SCC of the tongue,
tonsil and caudal location of the mouth or sino-nasal SCC because of the higher
metastatic rate. Only the owners of the dog with the tonsillar SCC decided for an
additional 5 cycles of carboplatin chemotherapy (300 mg/m’ every 3 weeks) in an

attempt to prevent or delay further spread of the disease.

The treatment of advanced tumours affecting head and neck, especially those of
tonsillar and sino-nasal origin, is difficult. Complex surrounding anatomical
structures prevent treating the tumours surgically as clean margins are difficult to
obtain. Radiation therapy is the only accepted treatment modality for the local
control of canine sino-nasal tumours with median survival time ranging from 7 to 23
months (Adams et al., 2009; LaDue et al., 1999; Northrup et al., 2001; Theon et al.,

1993). Although worse treatment outcome was expected for highly staged sino-nasal
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tumours, the therapeutic benefit of accelerated chemoradiotherapy protocol in all, not
only 4 sino-nasal cases, was confirmed. According to a study of Adams et al. (2009)
the reported median survival for sino-nasal tumours with computed tomography
evidence of cribriform plate involvement is 6.7 months. In the cases presented the
treatment of 3 dogs with stage 4 sino-nasal SCC resulted in mean survival of 437
days indicating the beneficial effect of an accelerated chemoradiotherapy for this

group of tumours affecting the head and neck.

We demonstrated that combining carboplatin as a radiosensitizer with twice daily
radiotherapies performed could result in a highly effective loco-regional control rate
as 3/3 patients with oral and tonsillar SCC achieved a complete tumour response. In
all three patients, a complete disappearance of tumours was detected. All three dogs
with sino-nasal SCC achieved a good treatment response. As CT performed 6 months
and 1 year after finished chemoradiotherapy indicated a partial response in 1 dog and
a complete response in 2 dogs with SNSCC. Only a dog with nasal planum SCC
achieved a stable disease indicating this treatment protocol was not efficient enough
to eliminate the disease. The overall survival of this dog was the shortest among all
dogs treated. The explanation for this might be different and more aggressive
biological behaviour of SCC of the nasal planum in comparison with other
oral/tonsillar or sino-nasal SCC. The dog with nasal planum SCC was euthanised due
to tumour progression while all other three dogs died or were euthanised due to
tumour non-related causes. Organ preservation was achieved in all patients with
oral/tonsillar SCC. An exception were three dogs with sino-nasal SCC that needed
irradiated eye to be removed due to initial tumour effect and late radiotherapy side
effects. Otherwise, none of the dogs had serious late side effects and all had/have
reasonable quality of life 1-3 years after the completion of therapy and beyond. The
mean overall survival for oral/tonsillar SCC was 32.4 months (972 days) and stage 4

sino-nasal SCC 12.9 months (389 days).

In this study, the incidence of acute toxicities were not worse as previously reported
for standard definitive protocols except for a rather high incidence of oral mucositis
that developed 2-3 weeks after finished treatment. However, all symptoms could be

controlled by conservative treatment and diminished 5-6 weeks after treatment
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completion. No detectable late complications have been observed with the protocol
used 2.5 years later for dogs with oral/tonsillar SCC and 1 year after for dogs with
sino-nasal SCC. Recurrence in such cases, despite achieving a complete response is
common. Among canine patients with oral/tonsillar SCC only the dog with tonsillar
SCC experienced recurrence in the regional lymph node 2 years after finished
treatment with the primary site in a complete remission at the time of euthanasia. The
local control of more than 1 year of duration with no evidence of tumour progression

was also achieved in all three patients with sino-nasal SCC.
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8 CONCLUSIONS

Firstly, we demonstrated significant differences in complete blood count indices
(N/L, P/L, MPV/PLT and PLCRIi) between healthy control dogs, dogs with stage 3,4
PD (moderate to advanced periodontitis) and dogs with neoplastic head and neck
conditions. The N/L, P/L, MPV/PLT and PLCRIi indices in dogs with neoplastic head
and neck conditions were demonstrated to be significantly higher in comparison with
the indices of healthy dogs and dogs with stage 3,4 PD (moderate to advanced
periodontitis). Therefore we can suggest N/L, P/L, MPV/PLT and PLCRIi indices as
important distinguishing biomarkers between canine inflammatory and neoplastic
head and neck conditions. Pre-treatment N/L, P/L, MPV/PLT and PLCRi were not

confirmed as prognostic biomarkers in this group of dogs investigated.

Secondly, we have demonstrated that dogs with stage 3,4 PD (moderate to advanced
periodontitis) exhibited significantly lower levels of peripheral blood and regional
lymph node CD4'CD25" and CD4 CD25'FOXP3" Tregs and other peripheral blood
lymphocyte subpopulations (CD4", CD8", CD5" T cell-subsets and CD21" B cells)
compared to dogs with stage 1 PD (gingivitis). The data obtained support the
hypothesis of defects in the systemic level of Tregs in dogs with stage 3,4 PD
(moderate to advanced periodontitis) which supports the idea of involvement of
Tregs in the pathogenesis of periodontal disease with inflammatory and/or (auto)-

immune background.

Thirdly, we have confirmed the hypothesis that the expression of Ki-67 and VEGFR-
2 is higher in advanced canine neoplastic head and neck conditions. Canine sino-
nasal SCC tumours demonstrated the highest expression of Ki-67 and VEGFR-2 in
comparison with other neoplastic HN tumours, inflammatory and benign HN
conditions, indicating on their more aggressive biologic behaviour. Malignant
melanoma and sarcoma cases expressed less VEGFR-2 in comparison with sino-

nasal SCC while oral SCC were almost always negative or expressed very low levels
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of VEGFR-2. Increased expression of VEGFR-2, more specifically the IHC score >1
(more than 10% of malignant cells showing positive immunoreactivity) correlated

with shorter overall survival.

Fourthly, the benefit of an accelerated chemoradiotherapy protocol in terms of
amelioration of clinical signs, treatment response, progression free and overall
survival in 6/7 canine patients with advanced SCCs of the head and neck was

confirmed.
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9 SUMMARY

The determination of the CBC indices (N/L, P/L, MPV/PLT and PLCRIi) is after a
review of the literature data the first study in veterinary medicine, carried out on
healthy dogs and dogs with inflammatory and neoplastic head and neck conditions
confirming significant differences in the CBC parameters and CBC indices between
the groups of dogs investigated. It was shown that dogs with inflammatory and
neoplastic head and neck processes have elevated N/L, P/L, MPV/PLT ratios and
PLCRIi in comparison with healthy dogs with differences found also between groups
of dogs with different neoplastic head and neck tumours. We have demonstrated that
differences between the CBC indices (N/L, P/L, MPV/PLT ratios and PLCRi)
between healthy dogs and dogs with stage 3,4 PD (moderate to advanced
periodontitis) exist but are much less pronounced than the differences between
healthy dogs and dogs with neoplastic head and neck conditions. This suggests that
PD in dogs is not causing considerable systemic effect as it was attributed to. We
showed that CBC biomarkers (N/L, P/L, MPV/PLT ratios and PLCRi) can serve as
inexpensive and readily available distinguishing biomarkers and important
supportive biomarkers in the assessment of systemic inflammatory responses
provoked by periodontal disease or benign and malignant head and neck tumours
while the investigation of their prognostic value in dogs with neoplastic head and

neck conditions was not confirmed and warrants further investigations.

Sufficient number and function of Tregs helps to maintain peripheral tolerance thus
helping to prevent development of inflammatory and/or (auto)-immune mediated
diseases, also PD. We have confirmed that dogs with stage 3,4 PD (moderate to
advanced periodontitis) exhibited significant reduction of peripheral blood and
regional lymph node Tregs (CD4CD25", CD4'CD25FOXP3") and other
lymphocyte subpopulations (CD4", CD8", CD5" T cell-subsets and CD21" B cells) in
comparison with dogs with stage 1 PD (gingivitis) supporting the hypothesis that the

mechanisms responsible for induction and maintenance of peripheral tolerance may
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be disturbed with this type of inflammatory/infectious disease. We have confirmed
that systemic alterations in the immune system, more specifically, in the systemic
circulation of Tregs and other immunophenotype markers in dogs with stage 3,4 PD
(moderate to advanced periodontitis) exist and may facilitate the multiplication,
persistence and activity of periodontopathogens. Of course, further studies including
assessment of biomarkers investigated (CD4'CD25", CD4'CD25 FOXP3", CD4",
CDS8', CD21", CD5") in different clinical presentations of PD with following in a
longer period of time are in progress to understand the exact relationship among
Tregs and effector T cells regulating the balance between protective and destructive

immune responses in the pathogenesis of periodontal diseases in dogs.

We have shown that VEGFR-2 status has the potential to be used as an important
biomarker in diagnosis, prognosis and treatment of canine tumours arising from the
head and neck. We confirmed the involvement of VEGFR-2 signalling pathway in
canine malignant head and neck tumours by detecting the protein expression in 59%
of cases. On the contrary, inflammatory and benign oral tissues were negative for
VEGFR-2. Therefore, the potential use of VEGFR-2 as a supplemental diagnostic
biomarker of malignancy affecting head and neck region in dogs can be suggested. It
was found that oral SCC tumours were negative or expressed lower levels of
VEGFR-2 in comparison with sino-nasal SCC tumours and this might offer a logical
explanation for less aggressive behaviour of oral SCC. The concomitant high
expression of Ki-67 and VEGFR-2 in sino-nasal SCC in comparison with oral SCC
indicates on their more aggressive biologic behaviour in comparison with other head
and neck tumours investigated. Malignant melanoma and sarcoma HN tumours
expressed lower values of VEGFR-2 in comparison with sino-nasal SCC but higher
in comparison with oral SCC. As dogs with head and neck tumours expressing
higher percentage of VEGFR-2 had worse prognosis and shorter overall survival in
comparison with those that did not express or expressed lower percentage of
VEGFR-2 a negative prognostic significance of protein overexpression can be

suggested.
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The challenges in the treatment of canine sino-nasal head and neck tumours and
advanced oral tumours with high percentage of tumour recurrences, have guided the
research of treatment strategies including adjuvant therapies to improve the treatment
outcome. One of the approaches to inhibit angiogenesis during tumorigenesis of head
and neck tumours in dogs, expressing high percentage of VEGFR-2, could be the
disruption of VEGF/VEGFR-2 pathways by VEGFR-2 inhibitors. Such drugs could
suppress tumour growth by limiting their blood supply thus reducing uncontrolled
neoplastic cell proliferation. Furthermore, many strategies used to radiosensitize
tumours using biological targeted drugs have already been tested in human clinical
trials and similar modulation may be useful in dogs with advanced malignant head
and neck tumours, especially those of sino-nasal origin were surgical excision is not
an option and where radiotherapy is the accepted treatment modality. Radiation
therapy along with VEGFR-2 inhibitors may improve the treatment response of
patients with head and neck tumours expressing VEGFR-2, especially those of sino-

nasal origin.

The prospective nature of the fourth part of the study, presenting a single centre
treatment experience demonstrated encouraging results in canine patient's outcomes
following accelerated chemoradiotherapy. The overall treatment response of dogs
receiving an accelerated chemoradiotherapy protocol can be assessed as good as the
majority of dogs, an exception is a dog with nasal planum SCC, achieved a complete
remission of more than 2-years in duration for advanced oral/tonsillar SCC and a
good treatment response of more than 1-year for advanced sino-nasal SCC,
suggesting that this chemo-radiotherapy protocol is a valuable alternative option in
dogs with this type of neoplasia especially when taking into account tumour biology
and owners needs like reduced costs and time requirements in contrast to the
definitive protocols. Short and long-term side effects for the treatment of both
oral/tonsillar and sino-nasal SCC were acceptable. As no standardized treatment
protocol for these types of neoplasia exists at the moment, further progress in the
management of head and neck SCC could be achieved by introduction of more

advanced radiotherapy techniques with different fractionation schedules and/or
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introduction of molecular targeted therapies in an attempt to reduce the incidence of
loco-regional failure and to influence the improvement of disease free survival and
overall survival rates. However, the role of the treatment approach presented needs
further clarifications. The limitation of this study remains in a small number of
patients suggesting an additional investigation of an accelerated radiotherapy
protocols as well as the role of chemotherapeutics as radiosensitisers on a larger
group of canine patients with HNSCC, especially those of tonsillar and sino-nasal

origin.
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10 POVZETEK

DIAGNOSTICNI IN PROGNOSTICNI MARKERJI PRI PSIH Z VNETNIMI IN
NEOPLASTICNIMI SPREMEMBAMI V PODROCJU GLAVE IN VRATU

Doloc¢anje indeksov krvne slike (N/L, P/L, MPV/PLT in PLCRIi) je po pregledu
literaturnih podatkov prva Studija v veterinarski medicini, opravljena na zdravih psih
in psih z vnetnimi in tumorskimi procesi v podro¢ju glave in vratu. Potrdili smo, da
obstajajo razlike v krvnih parametrih in indeksih med preiskovanimi skupinami psov.
Dokazali smo, da imajo psi z vnetnimi in neoplasticnimi procesi glave in vratu
statisticno znacilno vi§je vrednosti N/L, P/L, MPV/PLT in PLCRi indeksov v
primerjavi z zdravimi psi. Prav tako smo dokazali, da razlike med indeksi med
zdravimi psi in psi s parodontalno boleznijo obstajajo, a so veliko manj izrazite kot
razlike med zdravimi psi in psi s tumorskimi obolenji v podroc¢ju glave in vratu. To
nakazuje, da parodontalna bolezen pri psih verjetno ne povzroca tako izrazitega
sistemskega vnetnega vpliva, kot se ji ga pripisuje. Dokazali smo, da indeksi krvne
slike (N/L, P/L, MPV/PLT in PLCRIi) lahko sluzijo kot hitro dostopni in poceni
biomarkerji pri oceni sistemskih vnetnih odzivov izzvanih s parodontalno boleznijo,
benignimi in malignimi tumorji v podroc¢ju glave in vratu pri psih. Prognosti¢na
vrednost (N/L, P/L, MPV/PLT in PLCRi) pri psih z malignimi tumorskimi procesi

glave in vratu ni bila dokazana.

Po literaturnih podatkih je zadostno Stevilo in primerna funkcija regulatornih T celic
bistvenega pomena za ohranjanje periferne tolerance, prepreCevanje razvoja
avtoimunskih bolezni in omejevanje kroni¢nih vnetnih bolezni. Potrdili smo, da
imajo psi z napredovalim periodontitisom statisticno znac¢ilno zmanj$ane vrednosti
regulatornih T celic (CD4'CD25°, CD4'CD25'FOXP3") in drugih imunskih
biomarkerjev (CD4", CD8", CD5" T celi¢nih subpopulacij in CD21" B celic) v
periferni krvi in regulatornih T celic v podro¢nih bezgavkah v primerjavi s psi s prvo
stopnjo paradontalne bolezni (gingivitisom). Rezultati podpirajo hipotezo, da so

mehanizmi za posredovanje uvajanja in vzdrzevanja periferne tolerance moteni pri
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tej vrsti vnetne bolezni. Potrdili smo, da spremembe v imunskem sistemu, natan¢neje
v sistemski cirkulaciji regulatornih T celic in drugih imunskih biomarkerjih pri psih z
napredovalim periodontitisom obstajajo in tako lahko prispevajo k razmnozevanju,
obstoju in dejavnosti periodontopatogenih bakterij. Nadaljnje Studije regulatornih T
celic (CD4'CD25", CD4'CD25'FOXP3") in drugih imunskih biomarkerjev (CD4",
CDS8', CD5" T celi¢nih subpopulacij in CD21" B celic) pri psih z razli¢nimi
kliniénimi stopnjami parodontalne bolezni in s sledenjem v daljSem casovnem
obdobju, bodo omogocile natan¢nejse razumevanje vloge regulatornih in efektorskih
T celic, ki urejajo ravnovesje med zascitnimi in destruktivnimi imunskimi odzivi v

patogenezi parodontalne bolezni pri psih.

Dokazali smo, da je VEGFR-2 lahko pomemben biomarker pri diagnozi, prognozi in
zdravljenju tumorjev v podrocju glave in vratu pri psih. V 59% primerov malignih
tumorjev glave in vratu pri psih smo dokazali izrazenost VEGFR-2, medtem, ko je
bila izrazenost VEGFR-2 pri vnetnih ustnih lezijah in benignih ustnih tumorjih
negativna ali zelo nizka. Na podlagi dobljenih rezultatov je VEGFR-2 lahko
potencialni dodatni diagnosti¢ni biomarker malignosti pri psih s tumorji glave in
vratu. Ugotovili smo, da je pri ustnih ploscato celi¢nih karcinomih (PCK) stopnja
izrazenosti VEGFR-2, v primerjavi s PCK nosnih in obnosnih votlin, ni¢na ali zelo
nizka in to lahko ponuja logi¢no razlago za bolj agresivno bioloSko obnaSanje
slednjih. Soc€asna visoka izrazenost proliferacijskega biomarkerja Ki-67 in VEGFR-2
pri ploscatoceli¢nih tumorjih nosnih in obnosnih votlin v primerjavi z ustnimi PCK
dodatno podpira dejstvo o njihovem agresivnem bioloskem obnasanju v primerjavi z
drugimi tumorji glave in vratu. NizZja izrazenost VEGFR-2 je bila ugotovljena tudi
pri malignem melanomu in sarkomu v primerjavi s PCK nosnih in obnosnih votlin.
Dokazali smo prognosti¢no vrednost VEGFR-2. Psi s PCK glave in vratu ter ostalimi
malignimi tumorji z izrazenim vi§jim delezem VEGFR-2 so imeli slabso prognozo in
kraj$e skupno prezivetje v primerjavi s tistimi, pri katerih je bil odstotek izrazenosti

VEGFR-2 negativen oz. nizji.

Izzivi v zdravljenju PCK nosnih in obnosnih votlin kakor tudi sarkomov in ustnega

malignega melanoma pri psih ostajajo, saj je pri le-teh odstotek pogostnosti
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ponovitve bolezni oziroma pojava metastatske bolezni precej visok. Tumorji, pri
katerih smo ugotovili vi§jo stopnjo izrazenosti VEGFR-2 so potencialna tarca
uporabe inhibitorjev, ki blokirajo VEGF/VEGFR-2 poti. Ta zdravila zavirajo rast
tumorjev z omejevanjem dotoka krvi in s tem zmanjSujejo nenadzorovano
proliferacijo tumorskih celic. Ta zdravila bi lahko delovala tudi kot
radiosenzibilizirajoCe substance predvsem pri psih z napredovalimi malignimi
tumorji glave in vratu, kjer ostale moznosti terapije niso mogoce in Kkjer je
radioterapija edini mozni nacin zdravljenja. Radioterapevtsko zdravljenje v
kombinaciji z inhibitorji VEGFR-2 poti bi v prihodnosti lahko izboljsalo odziv na
zdravljenje pacientov s tumorji glave in vratu, pri katerih je ugotovljena izrazenost

VEGFR-2.

Vecina psov, razen psa s ploscato-celicnim karcinomom (PCK) smrcka, je pri
zdravljenju napredovalih oblik PCK v podrodju glave in vratu s popeSenim
protokolom obsevanja dosegla popoln odziv. Interval prost bolezni pri psih z
napredovalimi PCK ustnimi tumorji je bil ve¢ kot 2 leti, medtem, ko je bil interval
pri psih z napredovanimi PCK tumorji nosnih in obnosnih votlin ve¢ kot 1 leto.
Kemoradioterapevtski protokol, prvi¢ uporabljen in predstavljen za zdravljenje PCK
ustne votline ter nosnih in obnosnih votlin pri psih, tako predstavlja alternativno
moznost za zdravljenje psov s to vrsto tumorja. Ce upostevamo biologijo tumorja in
potrebe lastnikov, kot so manjsi stroski in ¢as potreben za izvedbo zdravljenja, v
nasprotju z ostalimi standardnimi protokoli radioterapevtskega zdravljenja
predstavlja novost. Akutni in kroni¢ni stranski ucinki pri zdravljenju obeh vrst
ploscato-celicnih ~ karcinomov so bili sprejemljivi. Uvedba naprednejsih
radioterapevtskih tehnik s spreminjanjem frakcioniranja in/ali uvajanje bioloskih
zdravil ter uporaba kemoterapevtikov bi lahko dodatno prispevala k izboljSanju
odziva na zdravljenje. Pomembno je dose¢i manjSo pojavnost podro¢nih ponovitev
bolezni in/ali razvoja metastaske bolezni kakor tudi vplivati na podaljSanje dobe

prezivetja pacientov s temi vrstami tumorjev.
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