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ABSTRACT

Objective: This study aimed to determine the therapeutic efficacy of axitinib as anti-angiogenesis and nivolumab as
immunotherapy on 7,12-dimethylbenz (a) anthracene (DMBA) induced hamster buccal pouch (HBP) carcinoma visualized by
immunohistochemistry. Subjects and methods: Fifty Syrian male hamsters were classified into five equal groups (s) (G(s)) of
ten each. GI: The animals act as negative controls. The right pouches of animals in other groups were painted three times a
week for 14 week (s) with DMBA. GII: No additional treatment.in GIII were injected intraperitoneally (IP) with nivolumab
(200 pL on days 7, 10, and 13), in GIV were given axitinib by oral gavage at a dose as a suspension at 5 mL/kg orally twice
daily for 4 weeks, in GV were received a combination of nivolumab and axitinib with doses and administration method
similar to those introduced in single treatments. After termination of the experiment, gross observations were recorded, then,
the animals were euthanized, all pouches were surgically excised, fixed and processed for hematoxylin and eosin (H&E) stain
examination, immunohistochemical (IHC) staining utilizing vascular endothelial growth factor (VEGF) as angiogenic marker.
Results: the results revealed some variability across the medicated groups contrasted to GII. VEGF IHC revealed highly significant
difference between GI & GII, GII& GV, GV & GIII and GV & GIV (p value < 0.001). Moreover, there was highly significant
difference between GIII and GIV (p value < 0.001). Conclusion: Combinatorial effect of axitinib-nivolumab significantly inhibits

tumor progression and induces apoptosis in DMBA induced HBP carcinoma.

KEYWORDS: nivolumab, axitinib, HBP carcinoma.

INTRODUCTION

Oral tumor is considered the sixth most
widespread cancer globally. Oral cancer generally
grows from hyperplasia to carcinoma as it progresses
through the characteristic multistep carcinogenesis

of cascading growth of genetic amendments ensuing

in irregular cellular appearance, carcinoma, and
deregulation of cell growth®,

The valuable knowledge about carcinogenesis
has been developed throughout the experimental
research on animal model. Accumulated evidences
pointed out the successful results when utilizing
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histological, biochemical, immunohistochemical
and molecular investigations on 7,12-dimethylbenz
(a) anthracene (DMBA) induced hamster buccal
pouch (HBP) carcinoma®,

The immune responses, especially the cell-medi-
ated immunity, play an important role to recognize
and delete tumor cells. However, cancer cells can
escape from the immune system by some regulatory
mechanisms such as upregulating immune inhibitors
of immune checkpoints in T lymphocytes. Immune
checkpoints are normal immune signals which can
stop an immune response . The most effective im-
mune checkpoint blocker developed in recent years
is antibodies against programmed cell death (PD)-1
and its ligands (PD-L1) called nivolumab®.

Nivolumab, an immune checkpoint inhibitor that
acts by preventing PD-L1 from binding to PD-1
receptor, is utilized to treat a variety of cancers
including renal cell carcinoma, non-small cell
lung cancer, and metastatic melanoma. Currently,
nivolumab is US Food and Drug Administration
(FDA) approved as a second- line treatment for
advanced hepatocellular carcinoma®,

The progression of oral dysplastic lesions into
OSCC is characterized by an increase in neovascu-
larization (angiogenesis), which can be considered
as an indicator of malignant transformation®. An-
giogenesis is a process by which development of
new blood vessels from existing vasculature, physi-
ologically it occurs in normal embryonic develop-
ment, wound healing and also certain angiogenesis
occurs pathological such as chronic inflammation,
immune reaction, premalignancy and malignancy®.

The most important factors associated with an-
giogenesis include vascular endothelial growth
factor (VEGF), platelet derived growth factor, and
fibroblast-derived growth factor. Vascular endothe-
lial cells depend for their survival on serum VEGF,
which stimulates proliferation and migration, in-
hibits apoptosis, and modulates endothelial perme-
ability. Antiangiogenic therapy aims to disrupt those
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processes by normalizing the abnormal vasculature
in cancer, improving delivery of chemotherapy, en-
hancing its antivascular effect, and preventing rapid
repopulation after systemic treatment®. Axitinib is
an orally available high affinity tyrosine kinase in-
hibitor of the VEGF receptors, blocking VEGF-R-1,
-2 and -3. It is approved by the FDA and the Eu-
ropean Medicines Agency (EMA) for the treatment
of patients with recurrent metastatic renal cell car-
cinoma®. Axitinib has an anti-angiogenic and sur-
vival prolongation effect in preclinical glioblastoma
models and inhibits tumor growth in a glioblastoma
xenograft model?.

Thus, the primary aim of this study was to de-
termine the effects of nivolumab and/or axitinib on
DMBA induced HBP carcinoma. The evaluation
depends on the animal’s general health examina-
tions, HBP gross observations, histological tumor
tissue changes and immunohistochemistry (IHC)
examinations.

SUBJECTS AND METHODS

Chemicals

DMBA (0.5%) was gathered from Sigma-Aldrich
company, solubilized in paraffin oil. Nivolumab
(trade Opdivo; Squibb
company, USA), was prepared by redispersing
vial solution in 0.9% sodium chloride (10 mg/
ml). Axitinib (Sigma-Aldrich company, USA),
was prepared by redispersing vial solution in 0.5%
carboxymethylcellulose/H20_HCI1"".

name Bristol-Myers

Animals

Fifty Syrian male hamsters, weighing between
80 and 120g, and five weeks old. The experimental
hamsters were kept in standard boxes with sawdust
bedding in a controlled environment with humidity
(30-40%), temperature (20 £2°C), and light (12-
hour light/12-hour dark). A healthy hamster walks
regularly and smoothly, had bright, clear eyes,
healthy skin, and a soft, lustrous coat devoid of
parasites, wounds, dry spots, and swellings.
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Ethical Approval

Ethical approval cleared by ethical committee of
Faculty of Dental Medicine (Boys- Cairo), Al-Azhar
University, Egypt (Ethical Code No. 172/254/07/09/19)

Experimental design

The animals were randomly categorized into five
groups (Gs), 10 each. After a week of adaptation.
The right pouches of the animals in GII, GIII,GIV
and GV were painted three times a week for 14
weeks with 0.5% DMBA in liquid paraffin by a
number 4 camel’s hairbrush®, whereas the animals
in GI (negative control) were kept untreated. Fol-
lowing that, the animals in GII (positive control)
not received other treatment while those in GIII
(nivolumab) were injected intraperitoneally (IP) by
insulin syringe with nivolumab (200 pL on days 7,
10, and 13), on day 22, the animals were euthanized
@, The animals in GIV (Axitinib) were given by
oral gavage at a dose as a suspension at 5 mL/kg
orally twice daily for 4 weeks with axitinib. Then,
after 2 weeks, the animals were euthanized "', while
those in GV (Axitinib - nivolumab) the animals
were received a combination of nivolumab and ax-
itinib with doses and administration method similar
to those introduced in single treatments.

General health examinations

The alterations in the animal’s general health
were monitored throughout the experiment. Ham-
sters that demonstrated any of the following signs
(crowding in sneezing, anorexia, silence, corner, di-
arrhea, discharge from the nose or eyes, dampness
around the tail, wheezing, and hair loss) of illness or
disease were adapted.

Tumor volume measurement:

After termination of the experiment, gross ob-
servations of HBP mucosa were recorded (mucosal
thickness, exudation, ulcers, and tumors). Then,
the animals were euthanized, the right cheek pouch
everted, and the diameter of each tumor was mea-
sured with a Vernier caliper. The tumor volume,
where the three diameters (mm) of the tumor are
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D1, D2 and D3, was calculated by the formula,
Vmm3 = (4/3) m [(D1/2) (D2/2) (D3/2)]®.

Sample collection and preparation

The right cheek pouch was excised, fixed in
10% neutral buffered formalin, routinely processed,
and embedded in paraffin blocks to be examined
histologically and IHC utilizing VEGF.

Histopathological examinations

Utilizing a rotary microtome, 4 pm thick
tissue sections were cut from paraffin blocks,
processed, mounted on glass slides, and stained
with Hematoxylin and Eosin (H&E) for light
microscopic inspection.

Measurement of the depth of invasion (DOI)

The DOI of all surgical specimens was deter-
mined using the H&E slide. The DOI was calcu-
lated from the surface epithelium’s basal layer to
the deepest point of tumor infiltration. According to
the American joint committee of cancer (AJCC), it
is further characterized as less invasive at <5 mm,
moderately invasive at 6-10 mm, and highly inva-
sive at =10 mm “? (Fig.1). The DOI was determined
by a Leica QWIN V3 image analyzer computer sys-
tem (Switzerland), which was operated via the Leica
QWIN V3 software. This was done in Oral and Den-
tal Pathology Department, Faculty of Dental Medi-
cine (Boys-Cairo), Al-Azhar University, Egypt.

e N

FIG (1) Photograph of measuring the DOI, the greatest inva-
sion was measured by dropping a “plumb line” from the
horizon to the deepest invasive nest.
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Immunohistochemical examination ¥

Other tissue sections were cut at 4um and put
on positive charged slides for the application of
standard labeled streptavidin- biotin method to
demonstrate the expression of VEGF antibody.
The sections were deparaffinized in xylene and
rehydrated through graded ethanol (100%, 95 % and
70 %) each run for 5 minutes. Slides were washed
in distilled water then in phosphate buffered saline
(PBS), each for 5 minutes. Endogenous peroxidase
activity was blocked using 3% solution of hydrogen
peroxide (H202) in methanol for 30 minutes at
room temperature. Slides were then washed in PBS.
Slides were then immersed in plastic jars containing
200 ml of citrate buffer (pH 6). The jars were put
in microwave at maximum power at 100°C for 3
intervals, each one 5 minutes. Slides were left at
room temperature to coal gradually. Slides were
then washed in distilled water followed by PBS
for 5 minutes. Tissue sections were received one
or two drops of the primary antibody (VEGF) in a
dilution of 1:100 and incubated in a humid chamber
at room temperature overnight. Slides were then
washed in distilled water, followed by PBS for 5
minutes. Biotinylated secondary antibody was
added and incubated at room temperature for 30
minutes. Tissue sections were then washed in PBS
for 5 minutes. One or two drops of peroxidase-
labeled streptavidin were applied for 30 minutes
at room temperature then washed in PBS. The
tissue sections were received DAB for 2-4 minutes
to develop color, followed by putting in distilled
water. Tissue sections were counterstained using
Mayer’s hematoxylin for one minute and then
washed in tap water. The slides were placed in two
changes of 95% alcohol followed by two changes of
absolute alcohol, each for 3 minutes then mounted
with DPX and covered with plastic covers in order
to be examined. Negative controls were prepared
by omitting the primary antibody. Liver tissues
were used as positive controls for VEGF and the
immunostained sections were examined using light
microscope to assess the prevalence of positive
cases and the localization of immunostaining within
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the tissues. In addition, image analysis computer
system was used to assess area percentage of VEGF
positive cells of the immunostaining. This was
done in Oral and Dental Pathology Department,
Faculty of Dental Medicine (Boys-Cairo), Al-Azhar
University, Egypt.

Statistical analysis

The data were statistically examined, and the
mean and standard deviation were calculated (SD).
A one-way analysis of variance was performed
using SPSS version 17.0 for Windows (ANOVA).
With quantitative data and parametric distribution,
ANOVA was utilized to differentiate between more
than two separate groups, accompanied by post hoc
analysis with the LSD test. To establish significance,
the relevant p-values were used: p 0.05: significant,
p > 0.05: non-significant, and p< 0.001: extremely
significant.

RESULTS

Gross observations

GI examination revealed no obvious alterations,
neither hair loss or skin ulcerations. The HBP
was normal pale pink with no pathological or
inflammatory signs, their buccal pouch length was
from (5-5.5) cm (Fig. 2A). In GII, all hamsters
demonstrated debilitation and observable hair loss
with para-oral skin ulcerations. Large exophytic
growths with prominent vascularity in the animals’
pouches, in addition to eroded, and ulcerative areas
with spontaneous bleeding were seen (Fig. 2B).
The mean tumors volume measurement of tumor-
bearing animals in ten animals in GII was 779.5
mm3 (620 — 1005 mm3), and the pouch length in
GII recorded from (1.5-2 cm). In GIII and GIV,
all hamsters showed slight improvement in the
general health compared to the animals in GII. The
length of the pouches was 2.5-3.5cm with reduction
of distal necrosis. The right HBP mucosa showed
various changes, multiple exophytic masses of
small sizes surrounded with areas of ulceration
and bleeding (GIII: 5 hamsters while GIV: 6
hamsters), small exophytic nodule with absence
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of ulceration and bleeding (GIII: 3 hamsters while
GIV: 4 hamsters) and whitish membrane leaving
thick erythematous and hemorrhagic area (GIII: 3
hamsters), (Fig.2C&D). There was a decrease in the
mean tumor volume of GIII (459.5mm3) and (409.5
mm3) compared to that of GII. In GV, all hamsters
showed marked improvement in general health
compared to the animals in GII. Only 2 hamsters
out of 10 had perioral skin ulcers and hair loss. The
other 8 hamsters, hair started to grow again in the
unhaired areas. All hamsters regain their appetite
and activity. There was a significant increase of
the pouch’s length ranged from 3.5-4.5cm with
no distal necrosis. The right HBP mucosa showed
various changes, 3 hamsters out of 10 showed small
exophytic nodule with absence of ulceration and
bleeding, 5 hamsters showed whitish membrane

THERAPEUTIC EFFICACY OF AXITINIB AS ANTI-ANGIOGENESIS

539

leaving thick erythematous and hemorrhagic area,
while 2 hamsters showed demarked grayish white
patch. There was a marked decrease in the size of
exophytic growths in this group when compared
to those either in the treated Gs (GIII & GIV) or
GII. There was marked decrease in the mean tumor
volume of GV (28.6 mm3) compared to either in the
treated Gs (GIII & GIV) or GII (Fig.2E).

Regarding tumor volume, there was highly
significant difference (p value < 0.001) between GII
and the treated Gs (GIII, GIV& GV). Comparing
the various treated groups, GV showed highly
significant difference (p value < 0.001) with either
GIII or GIV. Furthermore, there was significant
difference (p value =0.014 between GIII and GIV,)
(Table. 1 & Fig. 3).

J

FIG (2) A- Photograph of GI showing normal buccal pouch mucosa which appeared pink in color with smooth surface (arrow).

B- Photograph of GII showing multiple exophytic papillary tumor masses surrounded with bleeding areas (arrow). C- Pho-

tograph of GIII showing small tiny elevation with absence of ulceration and bleeding (arrow). D- Photograph of GIV show-

ing small size nodule with absence of ulceration and bleeding (arrow). E- Photograph of GV showing marked decrease in

the size of tumor masses with absence of ulceration and bleeding (arrow).

TABLE (1) Comparison between the studied groups as regard to tumor volume.

Tumor volume

P-value for post analysis using LSD test

Mean + SD GII GIII GIV GV
GII 779.5 £25.03 -- 0.000 0.000 0.000
GIII 459.5 +13.46 0.000 - 0014 0.000
GIV 409.5 £22.10 0.000 0014 - 0.000
GV 28.6 +£3.18 0.000 0.000 0.000 --
F 2794.805
P-value <0.001 (HS)
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FIG (3) Comparison between the studied groups regarding tu-
mor volume level.

Histological and IHC findings:

The GI exhibited a normal thin stratified
squamous epithelium with minor keratinization,
consisting of 2-3 layers of squamous cells. A
subepithelial connective tissue and a muscle layer
were discovered (Fig.4A). The IHC staining using
VEGF antibody exhibited positive cytoplasmic
expression (mean = 19.70 %) which present in
almost all normal epithelial cells, which was
predominantly detected in the basal layer (Fig.4B).

GII: The overlying epithelium revealed multiple
areas with dysplastic feature including basilar
hyperplasia, hyperchromatism, loss of polarity, large
nucleoli, altered N/C ratio, and cellular and nuclear
pleomorphism, Destructive basement membrane
with invasive epithelial islands into the underlying
connective tissue. (Fig.4C). The mean DOI revealed
10.7mm. The IHC staining using VEGF antibody
exhibited positive cytoplasmic expression (mean=
70.20 %) throughout the epithelial layers and
invading tumor cells (Fig. 4D).

GIII: In 5 hamsters out of 10, exhibited different
degrees of epithelial dysplasia, one hamster
revealed moderate epithelial dysplasia, 2 hamsters
displayed severe epithelial dysplasia and 2 hamsters
displayed carcinoma in situ (CIS). In contrast,
the other 5 hamsters had well-differentiated SCC
that had not progressed to the deeper parts. Distal
necrosis was reduced, inflammatory infiltration was
decreased, and the amount of keratin formation
and collagen fibers were increased (Fig.4E). The
mean DOI in GIII (10 hamsters) was 1.7mm. The
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IHC staining using VEGF antibody exhibited
positive cytoplasmic expression (mean=51.80 %)

throughout the epithelial layers and invading tumor
cells (Fig. 4F).

GIV: In 5 hamsters out of 10, exhibited
different degrees of epithelial dysplasia, 2 hamsters
displayed severe epithelial dysplasia and 3 hamsters
displayed CIS. In contrast, the other 5 hamsters had
well-differentiated SCC that had not progressed
to the deeper parts. Distal necrosis was reduced,
inflammatory infiltration was decreased, and the
amount of keratin formation and collagen fibers
were increased (Fig4G). The mean DOI in GIV
(10 hamsters) was 1.8mm. The IHC staining using
VEGF antibody exhibited positive cytoplasmic
42.40%) throughout the
epithelial layers and invading tumor cells (Fig. 4H).

expression (mean=

GV: In 7 hamsters out of 10, exhibited differ-
ent degrees of epithelial dysplasia, one hamster re-
vealed mild epithelial dysplasia, 3 hamsters revealed
moderate epithelial dysplasia, 2 hamsters displayed
severe epithelial dysplasia and one hamster dis-
played CIS. In comparison, the remaining 3 ham-
sters exhibited well-differentiated SCC that did not
extend to the deeper connective tissue, the connec-
tive tissue exhibited a reduction in distal necrosis,
a marked decrease in inflammatory infiltration, and
an elevation in the thickness of the striated muscle
layer. At the same time, a few tumor masses were
substituted by proliferating fibrous tissue with en-
hanced collagen deposition (Fig.4I). The mean DOI
in GV was 0.8mm. The IHC staining using VEGF
antibody exhibited positive cytoplasmic expression
(mean= 26.8%) throughout the epithelial layers and
invading tumor cells (Fig. 4J).

Regarding DOI, there was highly significant
difference (p value < 0.001) between GII and the
treated Gs (GIII, GIV& GV). Comparing the vari-
ous treated groups (GIII, GIV, and GV), GV showed
non-significant difference with either GIII or GIV,
(p value = 0.073, 0.204 respectively). Furthermore,
there was non-significant difference (p value =
0.583) between GIII and GIV, (Table. 2 & Fig. 5).
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FIG (4) A- Photomicrograph of GI showing epithelium consists of two to four layers, superficial squamous cells exhibiting ke-

ratinization, flattened rete ridges, C.T layer, muscular layer, and deep layer of loose areolar connective tissue (H&E stain
X400). B- The IHC staining using VEGF antibody exhibited positive cytoplasmic expression in almost all normal epi-
thelial cells. C- Photomicrograph of GII showing well differentiated SCC with deep invasion of multiple tumor islands
into the underlying connective tissue and sub-epithelial inflammatory infiltrates (H&E stain X100).D- The IHC staining
using VEGF antibody exhibited positive cytoplasmic expression throughout the epithelial layers and invading tumor cells.
E- Photomicrograph of GIII showing well differentiated SCC (superficial invasion)(H&E stain X400). F-The IHC stain-
ing using VEGF antibody exhibited positive cytoplasmic expression throughout the epithelial layers and invading tumor
cells(arrow).G-Photomicrograph of GIV showing well differentiated SCC (superficial invasion)(H&E stain X200).H- The
IHC staining using VEGF antibody exhibited positive cytoplasmic expression throughout the epithelial layers and invad-
ing tumor cells. I- Photomicrograph of GV showing severe dysplasia with hyperkeratosis (H&E stain X200).J-The IHC
staining using VEGF antibody exhibited positive cytoplasmic expression throughout the epithelial layers and invading
tumor cells.

TABLE (2) Comparison between studied groups with regard to DOI.

DOI P-value for post analysis using LSD test
Mean + SD GII GIII GIvV GV
GII 10.70 +1.93 - 0.000 0.000 0.000
GIII 1.70 £ 1.07 0.000 -- 0.583 0.073
GIV 1.80 +0.88 0.000 0.583 - 0.204
GV 0.80 +0.46 0.000 0.073 0.204 -
F 134.250

P-value <0.001 (HS)
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FIG (5) Comparison between the studied groups regarding DOI
level.
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Regarding VEGF, there was highly significant
difference between GI& GII (p value < 0.001).
Comparing the positive control group (GII) with
the various treated groups (GIII, GIV, and GV),
there was highly significant difference between
GlI& GV (p value < 0.001). Comparing the various
treated groups (GIII, GIV, and GV), GV showed
highly significant difference (p value < 0.001) with
either GIII or GIV. Furthermore, there was highly
significant difference (p value < 0.001) between
GIII and GIV (Table. 3 & Fig. 6).

TABLE (3) Comparison between the studied groups regarding VEGF level

VEGF P-value for post analysis using LSD test
Mean = SD G1 GII GIII GIV GV
GI 19.70 £3.40 -- 0.000 0.000 0.000 0.000
GlI 7020 £3.72 0.000 -- 0.000 0.000 0.000
GIII 51.80 +£4.00 0.000 0.000 - 0.000 0.000
GIV 4240 +4.19 0.000 0.000 0.000 -- 0.000
GV 26.80 +2.89 0.000 0.000 0.000 0.000 -
F 300.392
P-value <0.001 (HS)
- ~  Correlation analysis:
VEGF
There was a statistically significant positive
jz (direct) correlation between tumor volume and areca
60 % of VEGF expressions (p value <0.001) (Table. 4,
zz Fig. 7). This means that an increase in one variable
30 1970 is associated with an increase in the other variable
TZ and vice versa.
\uVEgF 19%0 l‘ 7(;1210 l‘ 5011;{) l‘ 4?2/0 l‘ 22\8/0 l‘ TABLE (4) C?Helation of ‘area % of VEGF with
N J  tumor volume in all the studied groups.

FIG (6) Comparison between the studied groups regarding
VEGF level.

Correlation —value
coefficient (r) p
Tumor volume vs area % of 0.907 0.000

VEGF
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FIG (7) Correlation of tumor volume with area % of VEGF
expressions.

DISCUSSION

To address whether value of axitinib as antian-
giogenesis and/or nivolumab as immunotherapeutic
drugs for treatment and inhibition of tumor progres-
sion of DMBA induced hamster buccal pouch car-
cinoma, this study was done. To our knowledge, in
the open English literatures, this was the first study
to evaluate the effect of nivolumab and/or axitinib
on DMBA induced HBP carcinoma. The results of
animal’s general health examinations, HBP gross
observations, H&E stain and IHC examination, re-
vealed variable observations.

In the current study, GII showed marked perioral
hair loss, pouch depth decrease, skin ulcers and
marked debilitation of all animals. Animal’s pouches
showed large exophytic growths with pronounced
vascularity and the pouch length (1.5-2cm) which
was decreased compared to GI due to necrosis in
the distal end of the pouch. These observations are
mainly due to the strong toxic DMBA effect!'®. By
using H&E stain, a development of various patterns
of invasive SCC (50% well differentiated and 50%
moderately differentiated) were seen which extended
to deeper areas of C.T (DOI=10.7mm). This is in
consistence with that shown by other researchers!'>
19 These findings may be referred to higher level of
intracellular ROS during DMBA application which
may be attributed to repeated exposures to tumor
promoters create a chronic inflammatory state with
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a sustained release of ROS, which results in chronic
oxidative stress. Free radicals and non-radical ROS
such as H,O, released by phagocytic cells can cause
damage, such as DNA strand breaks, mutations,
sister chromatid exchanges, protein modifications
and lipid peroxidation, to adjacent epithelial cells.
In addition, protein modifications induced by free
radicals/ROS can affect DNA repair capacity,
transcriptional regulation, apoptosis, metabolism
and cell signaling"”.

In the current study, IHC staining of GII showed
positive cytoplasmic expression of VEGF (70.20 %)
that was seen throughout the epithelial layers and
invading tumor cells, that showed highly significantly
expression compared to GI (p value < 0.001). This
result is in agreement with that of other investigator'*:
19, Martano et al® identified a significant increase
in VEGF expression during the transition between
normal and OSCC tissues, in association with
an increasing grade of differentiation. This was
indicated by a high number of VEGF-positive cells
associated with the accumulation and consequent loss
of cytoplasmic polarization of VEGF granules in less
differentiated tumors. Johnston et al®V, indicated a
significant upregulation of VEGF expression during
the transition from normal oral epithelium through
dysplasia to invasive OSCC, but no correlation was
found between VEGF expression and the grade
of dysplasia, while Margaritescu et al®”, found a
correlation between VEGF and the different degrees
of dysplasia, to invasive carcinoma.

In the present work, GIII showed a slight
improvement in the animal’s general health. The
pouch length (2.5-3.5cm) was increased compared to
GII due to reduction of the inflammatory infiltration
and distal necrosis. A relatively slight decrease
in size of the papillomatous lesions was observed.
These findings conflicted on H&E staining in
which five hamsters revealed different degrees of
epithelial dysplasia {(moderate (10%), severe (20%)
or CIS (20%)}XZ+5987\]*/-* while the-e other
five hamsters showed superficial invasion of well
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differentiated SCC (50%), not extended to deeper
areas (DOI=1.8mm).

In the current study, IHC staining of GIII showed
positive cytoplasmic expression of VEGF (51.80 %)
that was seen throughout the epithelial layers and
invading tumor cells, that showed highly significantly
expression compared to GII (p value < 0.001).

These results may be attributed to that; nivolumab
is immune check point inhibitor capable of specific
inhibition of PD-1 signal that was sufficient to reduce
the invasive lesions. This is in line with results of
other investigators®:2¥,

Lee and Sunwoo® explained that, blocking the
tumor-infiltrating lymphocytes (TILs) with anti-
PD-L1 and anti-PD-1 antibodies partially restored
interferon (IFN)-g secretion by the TILs incubated
with the cancer cells, These results indicated that,
PD-L1 expression on cancer cells may function as a
mechanism by which they evade immunosurveillance
and provide a cause for targeting the PD-1 axis.
Furthermore, VEGF modulates anti-tumor immune
responses through poor antigen presentation due to
inhibition of dendritic cell maturation, interfering with
T-cell trafficking and creating an immune suppressed
tumor microenvironment through myeloid-derived
suppressor cells and T-rig stimulation®. Amin et al®
found that, VEGF in the tumor micro-environment
was shown to increase expression of inhibitory
checkpoints, PD-1, CTLA-4, TIM3, and LAG3,
which was shown to be reversed by antibodies
against VEGFR-2.

In the current study, GIV showed almost the same
results as GIII. These results are in agreement with
Paik et al® whom reported that, the tumor weight of
the axitinib-treated group had significantly decreased
by 50% compared with controls. Daily monitoring of
animals throughout the therapy showed acceptable
tolerability with no unfavorable side effects such as
changes in body weight, mobility, posture, or feeding
habits. In the present study, IHC staining of GIV
showed positive cytoplasmic expression of VEGF
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(42.40 %) that was seen throughout the epithelial
layers and invading tumor cells, which showed
highly significantly expression compared to GII (p
value < 0.001). These results agree with that of other
investigators ©-27.

Paul L. et al® stated that axitinib varies sig-
nificantly when compared to other anti-angiogenic
drugs in that it targets multiple isoforms of VEG-
FR (VEGFR1, VEGFR2, and VEGFR3) as well as
c-Kit. The greater targeting of VEGFR especially
leads to the possibility of having greater anti-angio-
genic activity and hence clinical efficacy. Further-
more, in a phase 2 study of patients with heavily pre-
treated unresectable HNSCC, axitinib demonstrated
an improvement in 6-month overall survival in com-
parison with historical controls (70% vs 50%). In
addition, treatment resulted in significant response
rates and lower rates of severe toxicities®”.

In the present study, GV as a combination group
showed marked improvement in animal’s general
health compared to nivolumab G or axitinib G alone.
There was a significant increase of the pouch’s
length (3.5 - 4.5cm) due to marked decrease of distal
necrosis and inflammatory infiltration. Also, there
was marked decrease in the size of exophytic masses
in GV when compared to the animals treated with
nivolumab or axitinib only. These findings conflicted
on H&E staining which revealed different degrees of
epithelial dysplasia {mild (10%), moderate (30%),
severe (20%) or CIS (10%)} in addition to well
differentiated SCC (30%) which was juxta-epithelial
and not extended to the deeper C.T (DOI=0.8mm)
with increased amount of keratin formation. The CT
showed marked increase thickness of striated muscle
layer and the tumor masses were mostly replaced
by proliferated fibrous tissue with more collagen
deposition.

These findings reflected the beneficial effect of
combining nivolumab with axitinib in order to achieve
these positive results. Several researchers have
suggested that anti-angiogenic drugs can normalize
tortuous and disorganized tumor vessels, thereby
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theoretically enhancing the function of anti-PD-1
antibodies. Presently, the combination of anti-
angiogenic drugs and anti-PD-1 antibodies has
been tested in clinical trials for many solid tumors,
and promising results have been obtained. The
combination of nivolumab and anti-angiogenic drugs
has been evaluated in patients with recurrent ovarian
cancer. In small-scale phase 2 trial, the objective
response rate to nivolumab and anti-angiogenic
drugs was 28.9% in the entire cohort (40.0% in
platinum-sensitive patients and 16.7% in platinum-
resistant individuals), indicating that a fraction of
patients might achieve a long-term benefit from the
combination®”. Motzer et al®’found that, patients
who received a combination of immune checkpoint
inhibitor plus axitinib had longer progression-free
survival and a higher objective response rate than
those who received sunitinib.

In the present study, IHC staining of GV showed
positive cytoplasmic expression of VEGF (26.80 %)
that was seen throughout the epithelial layers and
invading tumor cells, which showed highly signifi-
cant difference compared to GII as well as to either
GII or GIV (p value < 0.001). This is in line with
that shown by positive phase III studies have led to
recent approvals by the FDA for dual PD-1/PD-L1
and anti- VEGF combinations in renal cell carcinoma
(pembrolizumab plus axitinib, and avelumab plus
axitinib), endometrial carcinoma (pembrolizumab
plus lenvatinib), non-squamous NSCLC (atezoli-
zumab, bevacizumab and chemotherapy), and HCC,
suggesting a potential broad clinical utility of this
combination strategy®>3,

Five Phase III studies have been initiated to
evaluate various combinations of VEGF or VEGFR
inhibitors plus either PD-1 or PD-L1 antibodies in
patients with advanced RCC, of which three have
been published®!:3¥ Based on the results of JAVELIN
101 and KEYNOTE-426, combination treatment
with either pembrolizumab or avelumab plus axitinib
is now considered a standard of care in frontline
advanced RCC®. Hack et al®® concluded that,
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Combined blockade of PD-L1 and VEGF pathways
represents a significant therapeutic advance in cancer
treatment. The immunomodulatory role of VEGF,
now well described by data from preclinical and
translational studies as well as randomized clinical
trials, provides a compelling reason to continue
the study of anti-VEGF and immune checkpoint
therapies across the cancer spectrum.

Ramjiawan et al®” found that, judicious dosing
of anti-angiogenic treatment can transiently normal-
ize the tumor vasculature by decreasing vascular
permeability and improving tumor perfusion and
blood flow, and synergize with immunotherapy in
this time-window. However, anti-angiogenics may
excessively prune tumor vessels in a dose and time-
dependent manner, which induces hypoxia and im-
munosuppression, including increased expression of
the immune checkpoint programmed death receptor
ligand (PD-L1). Sheng et al®®reported the prelimi-
nary safety and efficacy results of the combination of
PD-1 blockade with a VEGFR small-molecule inhib-
itor in patients with chemotherapy-treated mucosal
melanoma, which demonstrate a manageable safety
profile and durable antitumor activity.

CONCLUSION

Combination of axitinib-nivolumab significantly
inhibits tumor progression in DMBA induced HBP
carcinoma. Axitinib makes an important and useful
contribution with emerging with novel targeted
immunomodulatory agents such as with nivolumab.
The approval of immunotherapy as an effective
modality in the treatment of OSSC has state a new
era in combinatorial therapeutic approaches for this
disease. While the use of combination therapy forms
an intriguing forefront for the treatment of OSCC,
we have yet to understand how immunotherapy and
anti-angiogenic therapy interact with each other to
create an anti-tumor effect. Further investigations
need to appreciate both the benefits and the risks
posed by inhibiting these alternative therapeutic
pathways and how they impact the tumor
microenvironment.
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