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Combined neurokinin-1 receptor antagonist =
and sorafenib is a promising approach
for hepatocellular carcinoma therapy
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Abstract

Background HCC (Hepatocellular carcinoma) is the most common primary malignant cancer in the liver. Treatment
options to incurable HCC such as sorafenib, an oral multikinase inhibitor, had numerous side effects and question-

able effectiveness. Neurokinin-1 receptor (NK1R) have a major role in inflammation and tumour environment includ-
ing the resistance to cell death, the induction of angiogenesis and the promotion of cell migration and proliferation.
Additionally, NK-1R is over-expressed in human tumour cells including HCC. Moreover, Aprepitant, one of the NK-1R
antagonists exerts multiple antitumor activities (antiproliferative, apoptotic, antimigration, and antiangiogenesis) in vivo
and in vitro.

Study aim To analyze the effectiveness of combining sorafenib with aprepitant in the management of HCC (experimental).

Patients and methods [n this retrospective experimental study, the human HCC cell line, HepG2, cells were exposed
to increasing concentrations of sorafenib alone, aprepitant alone and combination of both sorafenib and aprepitant
evaluation of cytotoxicity, apoptosis, MMP-9, VEGF, NF-kB p-65, p-AKT and p-ERK were done. Moreover, The extent

of the NK-1 receptor expression was assessed by immunocytochemistry on 50 HCC paraffin blocks of Egyptian HCC
patients and another 50 paraffin blocks of liver cirrhosis only as a control.

Results Decreased levels of MMP-9, VEGF, NF-kB p-65, p-AKT and p-ERK was more substantial in the combination
therapy compared to sorafenib alone and aprepitant alone. Moreover, the rate of apoptosis and cytotoxicity were
significantly higher in the combination treatment group than the monotherapy groups with more anti inflamma-
tory, anti angiogentic and anti metastatic effects. Also, among the 50 HCC paraffin blocks, the majority (60%) showed
a strong NK-1 expression; which significantly (p < 0.05) correlated with the progression free survival (PFS) but not the
overall survival (OS) of the patients when applying multivariate analysis.
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Conclusion HCC had strong expression and immunostaining for NK1R.Therefore, combined aprepitant and sorafenib
may be a promising approach in HCC treatment compared to each one alone.

Keywords HCC, Liver cirrhosis, NK-1 antagonist, Aprepitant, Sorafenib

Introduction

Liver cancer is estimated to account for 30.5% of cancer
mortality globally and rank sixth in terms of incidence,
with nearly 906,000 new cases and 830,200 deaths yearly
[1]. The World Health Organization predicted that by
2040, liver cancer will claim the lives of more than 1.3
million individuals [2]. Moreover, hepatocellular carci-
noma (HCC) is the most prevalent primary malignant
liver tumor, accounting for 75—-85% of cases [3].

Until now, there are few effective treatment options
available for HCC, which is typically identified at an
advanced stage [4]. When palliative care and sys-
temic therapy are administered at an advanced stage,
the median survival after diagnosis may reach 6 and
12 months [5, 6].

Besides immunotherapy, sorafenib, an oral multikinase
inhibitor, is one of the recommended courses of therapy
for advanced, incurable HCC [7]. It functions by block-
ing the activity of multiple tyrosine kinases implicated in
the formation and advancement of tumor angiogenesis,
such as FMS-like tyrosine kinase 3 (Flt3), c-Kit, plate-
let-derived growth factor receptor (PDGF-R), vascular
endothelial growth factor receptor (VEGFR-2/3), and
Raf kinase participating in the mitogen-activated protein
kinases (MAPK)/extracellular signal-regulated kinases
(ERK) pathway, which plays a part in the proliferation
and survival of the tumor [8]. Costly side effects are a
common feature of sorafenib therapy. In addition, a per-
centage of people who receive treatment do not respond
to the medication. Hence, a plethora of promising novel
systemic options have emerged recently in the treatment
of HCC, such as immunotherapy and molecularly tar-
geted treatments [9].

Preclinical research has shown that the substance
P (SP) and neurokinin-1 receptor (NKIR) axis have
a major role in inflammation and the tumor environ-
ment, in addition to the various characteristics of can-
cer, including the resistance to cell death, the induction
of angiogenesis, and the promotion of cell migration
and proliferation. Additionally, NK-1R is over-expressed
in human tumor cells and may be regarded as a novel
tumor marker [10—12]. Moreover, several labs have dem-
onstrated that aprepitant, one of the NK-1R antagonists
used as an antiemetic and anxiolytic drug, exerts mul-
tiple antitumor activities (antiproliferative, apoptotic,
antimigration, and antiangiogenesis) in vivo and in vitro
[13], and they have also raised the possibility that NK-1R

antagonists could be beneficial in reversing chemoresist-
ance [14, 15].

These findings, taken together, support the neces-
sity of additional research to examine the possible uti-
lization of aprepitant in hepatocellular carcinoma as a
novel therapeutic strategy to enhance existing anticancer
approaches.

Materials and methods

Patients

Paraffin blocks of 50 Egyptian HCC patients taken from
the archives of the Pathology Department at the Medi-
cal Research Institute during the period of January 2010
to June 2015 were included in this study. The inclusion
criteria included the following: (1) patients diagnosed
with primary HCC confirmed by pathological reports,
clinical criteria, or radiological findings according to
the American Association for the Study of the Liver
Diseases (AASLD) guidelines, (2) patients aged more
than 18 years, (3) the patients’ files containing the data
about their regular follow-up, and (4) patients had life
expectancy more than 6 months. The exclusion criteria
included the following: (1) any patient who had a history
of liver surgery or transplant, (2) those who had any type
of hematologic malignancies, (3) patients who were suf-
fering from severe hepatic failure or renal failure, and (4)
pregnant or lactating females.

Treatment response and survival

m Treatment response was assessed by computerized
tomography (CT), enhancement CT, or magnetic
resonance image (MRI).

m Progression-free survival (PFS) and overall survival
(OS) were recorded for each patient.

Cell culture

The American Type Culture Collection provides the
HepG2 cells (ATCC® HB-8064TM). The cells were kept
in Dulbecco’s Minimal Essential Medium (DMEM) sup-
plemented with 10% fetal bovine serum and 1% strepto-
mycin and penicillin (Gibco, Invitrogen, Carlsbad, CA,
USA) in a humidified environment with 5% CO2 and
37 °C. We changed the medium every 48 h. The cells
were sown for the tests at a density of 1.3 x 103 cells/cm?
and were given 24 h to adhere before the initiation of
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treatments. Before starting the experimental incubations,
the cultivated cell number was tailored to a density where
the cells expanded rapidly [16].

Viability of the cell

Cell viability was determined using the MTT test
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide). HepG2 (5% 103) cells were cultivated for 24 h
under usual conditions after being seeded in 96-well
plates. Subsequently, the cells were subjected to 1.25-
40 uM of sorafenib alone, 10-320 uM of apretinant alone,
or a constant drug ratio 1:8 of a combination of sorafenib
and aprepitant for 72 h. Cells were treated with MTT
solution (0.5 mg/ml in PBS) for 3 h after being washed
with PBS. After dissolving the resulting formazan crystals
in 0.1-ml dimethyl sulfoxide (DMSO), a Beckman Coul-
ter DTX 880 microplate reader was utilized to determine
the absorbance at 560 nm. The extract cytotoxicity was
assessed by the absorbance of the treated and control
cells utilizing the subsequent equation: [17].

Cytotoxicity(%) = the absorbance at 560 nm.
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at 1000 rpm for 10 min, and then stored at — 80 until used
for analysis of VEGE. VEGF in the medium was assessed
by a human VEGF ELISA kit provided by MyBioSource
(Catalog Number: MBS355343) according to the manu-
facturer’s instructions and using Beckman Coulter DTX
880 microplate reader [19].

Preparation of total cell lysates and quantitation of MMP9,
NFkB, AKT, and ERK1

The cells were incubated at 37 °C in a hypotonic buffer
containing 1 mmol/L EDTA, 10 mmol/L HEPES,
and 50 mmol/L sucrose (pH 7.6) after that they were
homogenized. This was followed by a hypertonic
solution [1 mmol/L EDTA, 10 mmol/L HEPES, and
450 mmol/L sucrose (pH 7.6)] addition and then cen-
trifugation at 12,000 x g at 4 °C for 10 min. Then, the
supernatant fraction was gathered, the protein concen-
tration was assessed using a BCA assay, and the mixture
was divided and stored at — 80 °C until it was needed for
analysis [20, 21].

The extract cytotoxicity was assessed by control x 100

The combination impact of sorafenib and aprepitant
in a fixed ratio was ascertained using the median effect
analysis approach in accordance with their respective
IC50 values. The impact on growth inhibition at various
drug concentrations and ratios was then entered into the
program CompuSyn version 2.1 (Biosoft, Cambridge,
UK) to find out the combination index (CI) and dosage
reduction index (DRI). The calculation of CI was accord-
ing to the ChoTalalay formula.

For the calculation of DRI, we used the subsequent
equation:

DRI = (D)1/(D) coml

wherein (D) com1 represent the IC50 value for drugl in
the combination and (D) 1 represent the IC50 value from
individual drug treatment [18].

Cells were cultivated under standard conditions for
24 h in 75 cm? flasks. Following this time frame, three
75-cm? flasks containing cells were cultured for 72 h
with either aprepitant (IC50), sorafenib (IC50), or a com-
bination of the two. After that, the cells were taken out,
reconstituted in 500-pl PBS, and refrigerated until the
subsequent biomarkers were measured.

Quantitation of VEGF production in culture media

HepG2 cells were cultured for 24 h in a 25 cm? culture
flask and incubated with sorafenib (IC50), aprepitant
(NK-1R antagonist) (IC50), or a combination of the two
for 72 h, and culture media were collected, centrifugated

Then the following parameters were assessed by using a
Beckman Coulter DTX 880 microplate reader.

1. Matrix metalloproteinase 9 using human MMP-9
ELISA kit from Elabscience (Catalog No: E-EL-H6075).

2. Nuclear factor Kappa B using NF-xB-(p65) ELISA kit
from MyBioSource (Catalog No: MBS450580).

3. Activated kinase (AKT) using AKT [pS473] ELISA
kit from Invitrogen (Catalog Number: KHO0111).

4. Extracellular signal-regulated kinase 1 using ERK1/2
[pThr202/Tyr204] ELISA Kit (catalog number:
EMS2ERKP). The procedures were done following
the manufacturer’s protocols [22-25].

Analyzing apoptosis via flow cytometry with annexin V
The (propidium iodide) PI staining was done concurrently
using the annexin V assay. In a 25 cm? culture flask, HepG2
cells were cultivated for 24 h before being treated for 72 h
with either sorafenib (IC50), aprepitant (IC50), or a combi-
nation of the two. Following trypsinization and centrifuga-
tion for 5 min at 1000 rpm, the cells were extracted. They
were then resuspended in 1Xbinding buffer and stained
for 10 min at room temperature using 5 pl of annexin V
and 10 pl of propidium iodide solution. Following that, the
BD LSRFortessa Cell Analyzer (Becton Dickinson, NJ,
USA) was utilized to perform FACS analysis in concord-
ance with the manufacturer’s instructions. For every analy-
sis, roughly 10,000 counts were recorded [22].
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Immunohistochemistry of HCC patient samples
The control samples were patients with liver cirrhosis
since cirrhosis is a precursor lesion for HCC. Clinical
information of patients, the cause of cirrhosis, Child—
Pugh classification, and TNM staging were evaluated.
Blocks of HCC and cirrhosis were divided into 4-lm por-
tions, put on slides that were positively charged, and then
deparaffinized in xylene. Rehydration using a series of
graduated alcohol-to-water ratios came next. The slices
were incubated at room temperature in 3% H202 in PBS
(pH 7.4) to prevent endogenous peroxidase activity. Next,
1-mM Tris—EDTA buffer (pH 9.0) was utilized to retrieve
the antigen. An avidin-biotinylated immunoperoxidase
technique was used for immunohistochemical staining.
The Thermo Scientific, USA’s Ultra Vision Detection Sys-
tem, was used to find the bound primary antibody, and
DAB chromogen was used to show the immunostaining.
The antibody dilutions were as follows: NK1R (1:100) [26].
Without any prior clinical data, a semiquantitative
study of the immunostaining degree was carried out. The
ratio score of the stained tumor cells and the intensity
staining score were combined to calculate the expres-
sion level of NKIR using the Allred 8-unit system. The
strength of the staining was rated the following way: 0
for no staining, 1 for light yellow staining, 2 for moderate
yellow brown staining, and 3 for intense brown staining.
The ratio score was based on the proportion of positively
stained tumor cells: 0 represented <5% positive cells, 1
represented 6-25% positive, 2 represented 26—50% posi-
tive, and 3 represented >51% positive. In the end, if the
total score was equal to or greater than 4, NKIR was
deemed to have high expression.
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Statistical analysis

SPSS was utilized for all statistical analyses (Version 13.0;
SPSS Inc., Chicago, IL, USA). In vitro tests, Student’s
t-test, and analysis of variance (ANOVA) were utilized
to analyze the data, which were given as mean + standard
error of the mean of three separate determinations. Quan-
titative data for the patient samples were stated as mean,
standard deviation, median, and range (minimum and
maximum), whereas categorical data were represented as
numbers and percentages. Kaplan—Meier survival curve
was used for progression-free survival (PFS) and overall
survival (OS). At the 5% level, the results’ significance was
assessed. Univariate Cox proportional hazards regression
model analysis was used to identify the elements influenc-
ing both OS and PFS; multivariate Cox proportional haz-
ards regression analysis then was used to further examine
the same elements. The p-value was calculated to deter-
mine whether the results were statistically significant.

Results

Cytotoxicity assay

Using HepG2 cell lines, the cytotoxic effects of sorafenib
and aprepitant were assessed using the MTT test to
determine the concentrations at which cell growth was
reduced by 50%. HepG2 cells treated with sorafenib and
aprepitant for 72 ho attained IC50 at dosages of 14.02 uM
and 60.8 pM, respectively, in comparison to untreated
cells (Fig. 1). The synergistic anticancer effects of aprepi-
tant and sorafenib together were then assessed. We inves-
tigated the antiproliferative effects of combinations of
sorafenib and aprepitant by evaluating fixed ratios of the
two medicines’ doses (1:8), respectively, and made use of
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Fig. 1 This curve shows the antiproliferative effect of the aprepitant and sorafenib combination on HepG2 cells. The MTT test was utilized to create
dose-response curves. For 72 h, cells were exposed to varying levels of sorafenib (1.25-40 umol/l), aprepitant (10-320 pmol/l), and a fixed ratio
of 1:8 for both. The outcomes of at least three separate experiments are represented by each point
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the analysis of the median drug effect in computing Cls.
The HepG2 cell line showed a synergistic effect with nar-
row confidence intervals (CIs=0.71) when simultaneous
combination doses were applied. Furthermore, in com-
parison to the concentrations of the two medications
alone, we observed a dosage decrease in the IC50 values
(DRI50) following the combination treatment in HepG2
cells: 3.9-fold for sorafenib and 2.1-fold for aprepitant.

- e

Page 5 of 17

Apoptosis assay

Flow cytometry was used to divide HepG2 cells into four
quadrants following annexin/PI staining, as illustrated in
Fig. 2: viable (annexin—/PI-), early apoptotic (annexin+/
PI-), late apoptotic (annexin+/PI+), and necrotic
(annexin—/PI+). In the control group (early and late apop-
totic), the rate of apoptosis was 4.5+0.7%. After receiv-
ing sorafenib and aprepitant alone or in combination,
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Fig. 2 The effect of treatment with sorafenib (14.02 uM), aprepitant (60.8 uM), and their combination for 72 h on HepG2 cell apoptosis. Examples
of pictures from a flow cytometric examination of cell death following a 72-h exposure to various treatments using propidium iodide (PI) staining
and annexin V coupled with fluorescein isothiocyanate (FITC). A Control, B sorafenib (SOR), C aprepitant (APR), and D combination (Comb). The top
right quadrant reflects late apoptotic cells (@annexin V + Pl +), the bottom right quadrant reflects necrotic cells (@annexin V—Pl+), and the bottom left
quadrant reflects viable cells (annexin V—PI—). E Bar graph illustrating the percentage of apoptotic HepG2 cells in response to various treatments.
Significant differences were seen between the control group (*), sorafenib-treated group (¥ significant), and aprepitant-treated group (#). Data

presented as mean +SEM (n=3)
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the HepG2 cells’ rate of apoptosis dramatically increased
(59.9+£5%, 49.0 £ 3.7%, and 91.1 + 2.5%, respectively). Addi-
tionally, compared to either drug-treated group, there was
a notable rise in the proportion of the apoptotic popula-
tion in the combination group (p <0.001) (Figs. 2).

Combination of sorafenib with aprepitant leads

to blockage of RAS/MAPK/ERK and PI3K/AKT/mTOR
simultaneously

In the RAS/MAPK/ERK pathway, both sorafenib and
aprepitant alone and in combination, in the current
study, reduced the activity of ERK with more significant
reduction observed in the combination group (116+3.7,
129+2.9, and 105+2.4 pg/mg cellular protein, conse-
quently), in comparison to the control group (154 +4.9 pg/
mg cellular protein). However, the activity of AKT in the
PI3K/AKT/mTOR pathway declined in both the sorafenib
and aprepitant alone and in the combination groups
(9.7£0.3, 13.4+0.5, and 6. 9+0.6 U/mg protein cellular
protein, respectively) with a more pronounced decrease
in the combination group (25.2+1.6 U/mg cellular pro-
tein) (Table 1). These results indicate that combining the
two drugs is more beneficial in blocking both signaling
pathways.

Combination of sorafenib with aprepitant has a synergistic
antiangiogenic effect

Administration of either sorafenib or aprepitant alone led
to a notable decline in the level of VEGEF, in comparison
to the untreated HepG2 cells (841.5+12.3 pg/mg cel-
lular protein, 920.3+16.2 pg/mg cellular protein, and
987.6£11.3 pg/mg cellular protein respectively). How-
ever, sorafenib demonstrated a more notable decline in
the level of VEGF in comparison to the aprepitant-treated
group (p<0.01). The decrease in the level of VEGF was
more substantial in the combination therapy group com-
pared to the untreated, sorafenib, and aprepitant-treated
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groups (685.3+5.3 pg/mg cellular protein, p<0.001)
(Table 1).

Potentiated anti-inflammatory effect of the combination
therapy on HepG2

A significant decrease in NF-«B p-65 level in HepG2 cells
was found in sorafenib and aprepitant-treated groups, in
comparison to the control group (7.6 £0.1, 8.9+ 0.5, and
12.2+0.5 ng/mg cellular protein, respectively). Never-
theless, using sorafenib to treat HepG2 cells showed a
more pronounced decline in NF-kB p-65 levels, in con-
trast to the aprepitant-treated group, p<0.001. In the
combination-treated group, the decrease in NF-kB p-65
levels was more significant compared to the untreated,
sorafenib, and aprepitant-treated groups (5.0+ 0.2 ng/mg
cellular protein) (Table 1).

Aprepitant potentiated the antimetastatic effect

of sorafenib on HepG2 cells

The control group showed the highest level of MMP-9
(7.6+0.2 ng/mg cellular protein). Both sorafenib and aprepi-
tant monotherapies caused a significant decrease in MMP-9
(5.7£0.2 ng/mg cellular protein and 4.5+0.1 ng/mg cellular
protein, consequently), in contrast to the control group, thus
hindering metastasis. A more favorable therapeutic response
was observed in the combination group, in comparison to each
drug, as the MMP-9 level decreased to 3.3+0.1 ng/mg cellular
protein (Table 1).

Expression of NK1R in HCC and neighboring cirrhotic
tissues

Thirty (60%) out of the 50 patients with HCC had immu-
nostaining for NKIR that was strongly expressed. This
was considerably greater than the expression seen in the
cirrhotic tissues that were nearby (22%, 11/50, p=0.0002).
Figs (3 and 4) displays the degree of NK1R expression and
the level of immune histochemistry staining.

Table 1 Effect of treatment with sorafenib (14.02 uM), aprepitant (60.8 uM), and their combination for 72 h, on the level of MMP-9,

VEGF, NF-kB p-65, p-AKT, and p-ERK in lysates of HepG2 cells

Control Sorafenib Aprepitant Combination of
sorafenib and
aprepitant

MMP-9 (ng/mg protein) 76%0.2 57+0.2% 45+0.1%¥ 33+0.1%4#
VEGF (pg/mg cellular protein) 987.60+11.30 841.50+12.30% 920.30+16.20%¥ 685.30+5.30%¥#
NF-kB p-65 (ng/mg cellular protein) 12.20+05 7.60£0.10% 8.90+0.50%¥ 5.0+0.20%¥H#
p-AKT (U/mg cellular protein) 252+16 9.7+0.3% 134+05%¥ 6.9+ 0.6%¥#
p-ERK (pg/mg cellular protein) 154.3+49 116£3.7% 129+2.9%¥ 105+ 24%¥#

" Significant from control group, ¥significant from sorafenib-treated group, #significant from aprepitant-treated group. Data presented as mean +SEM (n=3)

MMP-9, matrix metalloproteinase 9, VEGF vascular endothelial growth factor receptor, NF-kB p-65 nuclear factor kappa-light-chain-enhancer of activated B cells, p-AKT
phosphorylated activated kinase, p-ERK phosphorylated extracellular signal-regulated kinases
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Fig. 3 Extent of immunostaining display of NK-1 receptor in Egyptian HCC vs cirrhotic cases

Fig.4 A Strong cytoplasmic staining in more than 50% of tumor cells (score 5) (IHC, x 100). B High-power view of the previous image showing
strong cytoplasmic staining in more than 50% of tumor cells (score 5) (IHC, x400). C Moderate cytoplasmic staining in about 40% of tumor cells
(score 4) (IHC,x400)..D Weak cytoplasmic staining of Nk-1R in about 40% of tumor cells (score 3) (IHC,x400). E Hepatic fibrosis showing negative

staining of Nk1 receptor (IHC,x400)

The patient characteristics and clinicopathological features
in the HCC samples
The studied 50 HCC patients’ mean age was 57.2+10.8 years,
with most of them being males (36 M, 14 F) (Table 2). Forty-
five patients (90%) had a past infection of hepatitis B virus
(HBV), and 47 patients (94%) had a history of liver cirrhosis,
with the majority of the cases being viral induced: 46 (92%).
The value of AFP was high in all the patients (100%).
In addition, 14 (28%) patients were found to have HCV.
Patients who have portal hypertension and ascites
were 6 (12%) and 17 (34%), respectively.

The majority of the patients have Child—Pugh stage
A [35 (70%)] disease, while according to the TNM
stage, low stage (I/II) and high stage (III/IV) distribu-
tion were 37 (74%) and 13 (26%), respectively.

The number of patients with NK+ve and NK—ve
were 30 (60%) and 20 (40%), respectively (Table 2).

PFS and OS in patients with HCC
PES (Fig. 5, Table 3) and OS (Fig. 6, Table 4) in HCC
patients were evaluated by the K—-M curve.
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Table 2 Characteristics of 50 hepatocellular carcinoma (HCC)
patients as regards various parameters (n =50)

No. (%)

Sex

Male 36 (72%)

Female 14 (28%)
Age (years)

Mean+SD 57.2+10.8

Median (min.-max.) 56 (34-76)
HCV 14 (28%)
HBV 45 (90%)
AFP (high) 50 (100%)
Cirrhosis 47 (94%)
Etiology of cirrhosis

Viral 46 (92%)

Viral +alcoholic 2 (4%)

Bilharzial 2 (4%)
Ascites 15 (30%)
Encephalopathy 0 (0%)
Portal HTN 6 (12%)
Child-Pugh

A 35 (70%)

B 15 (30%)
TNM stage

Low stage (/1) 37 (74%)

High stage (ll/IV) 13 (26%)
Progress 36 (72%)
Death 13 (26%)
NK

NK—ve 20 (40%)

NK+ve 30 (60%)

HCV hepatitis C virus, HBV hepatitis B virus, AFP alpha fetoprotein, NK neurokinin

The mean PFS was 29.23 months, the median was
27 months, the 1-year PFS was 90%, and the 3-year PFS
was 28%.

The mean OS was 44.60 months, the 1-year OS was
90%, and the 3-year OS was 74%.

Analysis of factors that influence PFS in patients with HCC
PFS was much shorter in female patients (Fig. 7), exist-
ence of HBV (Fig. 8), NK+ve (Fig. 9), the presence of
cirrhosis (p=0.008), existence of ascites (p=0.001),
and Child-Pugh [B] (p= <0.001). In contrast, PFS was
not correlated with the presence of HCV (p=0.223),
the existence of portal hypertension (PHT) (p=0.051),
or high stage (III/IV) (p =0.207) in these patients.
Furthermore, a univariate Cox proportional hazards
regression model analysis illustrated the following factors
were associated with a worse prognosis: female patients,
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NK+ve, HBV presence, cirrhosis presence, ascites pres-
ence, and child Pugh [B] (Tables 5 and 6). The multivari-
ate Cox proportional hazards regression model analysis
including elements with a value of p<0.05 revealed that
NK+ve, HBV, and female patients were independent
predictors of worse PFS when the covariates with a value
of p<0.05 were included.

Analysis of elements affecting OS in patients with HCC

OS was much shorter in female patients (p=0.005)
(Fig. 10), the presence of cirrhosis (p=0.008)) (Fig. 11),
the presence of portal HTN (p=0.004) (Fig. 12), and
existence of HBV, while the presence of HCV (p=0.378)
and the presence of ascites (p=0.062), Child—Pugh [B]
(p=0.101) or high stage (III/IV) (p=0.207), and NK+ve
(p=0.506) were not linked to OS.

Additionally, univariate Cox proportional hazards regres-
sion model analysis demonstrated that female patients
(»=0.005), the presence of cirrhosis (p=0.008), the pres-
ence of portal HTN (p=0.004), and the presence of HBV
(p= <0.001) were suggestive for poor PES (Tables 7 and 8).

When the elements having a value of p<0.05 were
included in the multivariate Cox proportional hazards
regression model analysis, female patients (p=0.005),
cirrhosis presence (p=0.008), and the presence of portal
HTN (p=0.004) were noticed to be independent predic-
tors for poor PFS.

Discussion

The majority of HCC patients presenting by intermedi-
ate and advanced stages do not respond well to standard
therapeutic regimens, and as a result, the patients’ mean
survival time is less than 12 months after diagnosis. The
intensity of sorafenib side effects is another drawback.
Consequently, it is imperative to combine sorafenib with
less toxic medicines that have demonstrated anti-cancer
action to achieve greater therapeutic success and fewer
unwanted side effects [27].

Aprepitant is one of the NK-1R antagonists that is safe
and does not have any negative side effects. Presently,
aprepitant is utilized as an antiemetic in clinical prac-
tice. Aprepitant exhibited numerous anticancer activities
against different cancer types in both in vitro and in vivo
research [28]. Robinson P. et al. recently proposed that
aprepitant with chemotherapy might be effective when
treating extremely aggressive osteosarcoma [29].

In 2019, Munoz M. et al. studied NK-1R antagonists
against malignant liver tumor (hepatoblastoma (HB)) where
dual effects were observed in HB from NK-1R antagonists:
reduced angiogenic activity and tumor volume [30].

As far as we are aware, this is the first research assess-
ing the antitumor efficacy of aprepitant and sorafenib
combination therapy in patients having HCC. The goal
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Table 3 K-M survival curve for PFS

Median
(months)

% end
study

Mean
(months)

% 1year % 3 years

Progres- 29.23 27.00 90.0%

sion-free
survival

28.0% 28.0%

of this research is to find potentially beneficial in vitro
combinations of cytotoxic drugs that may eventually be
brought to the clinic.

In the current research, we investigated the antitumor
effect of both sorafenib and aprepitant alone and whether
their combination has a synergistic effect on their anti-
tumor activity in human HCC cells while lowering their
doses than using higher doses of either of them alone.

The synergetic anti-tumor effects of aprepitant and
sorafenib were demonstrated on the following: (i) cyto-
toxicity, (i) apoptotic effect, (iii) blockage of RAS/
MAPK/ERK and PI3K/AKT/mTOR, (iv) antiangiogenic
effect, (v) anti-inflammatory effect, and (vi) anti-meta-
static effect.

Aprepitant showed cytotoxic capability against HepG2
cells, according to our research, with IC;, 60.8 pM.
This observation is in agreement with a recent study
showing the cytotoxic effect of aprepitant in different
hepatic malignancies such as hepatoblastoma [30] and

intrahepatic cholangiocarcinoma cell lines [31]. Com-
bination index for the combination of sorafenib and
aprepitant at a fixed ratio of the two agents’ doses (1:8),
respectively, indicated that aprepitant synergized the
cytotoxicity of sorafenib in HepG2 with a dose reduc-
tion in the IC50 values (DRI50) of 3.9-fold for sorafenib
and of 2.1-fold for aprepitant in HepG2 cells, in contrast
to the concentrations of either of the two drugs.

The capacity of internal or external stimuli to cause
cell death is acknowledged for its enormous therapeutic
potential; the combination of sorafenib and aprepitant
enhanced apoptosis more than either of the two drugs
alone as shown by flow cytometry using annexin V/FITC
staining.

The primary mechanisms by which cells regulate their
survival, differentiation, proliferation, metabolism, and
motility as a result of external signals are through the
RAS/MAPK/ERK and PI3K/AKT/mTOR signaling
pathways [32].

Hence, the current research investigated the effect of
adding aprepitant with sorafenib on RAS/MAPK/ERK
and PI3K/AKT/mTOR signaling pathways to clarify the
underlying mechanism behind the synergistic apop-
totic interaction. In the current study, both sorafenib
and aprepitant alone and in combination blocked these
signaling pathways with a more significant reduction
observed in the combination group in contrast to the
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Table 4 K-M survival curve for OS

Mean Median % 1year %3years % end
(months) (months) study
Overall 44.60 - 90.0% 74.0% 74.0%

survival

control group. The repressive effect of sorafenib and
aprepitant on these pathways was in line with previous
studies performed on different types of cancer [33-36].

Furthermore, VEGFA expression is raised in many tumor
types and is correlated with the prognosis of these tumors.
It is strongly linked to the pathogenesis of numerous
tumors, particularly vascular-rich, solid tumors. This medi-
ator is inhibited by sorafenib (multitarget antitumor drug)
[37]. Aprepitant also shows the same inhibitory effect on
the level of VEGF as sorafenib in our work, in agreement
with previous studies. This was proposed to be due block-
ing of the NK-1 receptor leading to inhibition of VEGF
gene expression and the AP-1 transcription factor, which
is a promotor for VEGF [38, 39]. Moreover, the combined
therapy can achieve a synergistic result with higher inhibi-
tion of the expression of VEGFA which accordingly cause
more inhibition of the proliferation of HCC cells, prevent
the invasive ability, and enhance cell apoptosis.

The molecular pathways linking inflammation to car-
cinogenesis have been thoroughly examined in recent

years. The NF-«kB pathway is an important modulator of
immune responses and inflammation that can also work
as a promoter or tumor suppressor. Moreover, it has been
documented that HCC invasion happens through nuclear
factor-kappaB (NF-kB) over-expression. In HCC cells,
sorafenib was previously shown to decrease the ERK/
NF-«B pathway and hence inhibit TPA-induced MMP-9
and VEGF expressions, increasing overall survival [40].

In our study, treatment of HepG2 cells with sorafenib
showed a pronounced decline in NF-kB p-65 levels com-
pared to the aprepitant-treated group and a significant
decline in MMP-9 levels. However, in the combination-
treated group, the decrease in NF-kB p-65 and MMP-9
levels was more significant compared to the untreated,
sorafenib, and aprepitant-treated groups with more hin-
drance of metastasis. Sorafenib is anticipated to repress
the NF-kB p-65 and MMP-9 levels through blockage of
the ERK/NF-kB pathway, while aprepitant decreases their
level through blockage of the JNK and p38/MAPK path-
way. Moreover, their combination presented a synergis-
tic inhibitory effect on the inflammation and metastasis
pathway [41, 42].

According to these data, we propose the repurposing
of aprepitant for novel therapeutic usage as an antitumor
agent. In the future, our findings noticed in vitro can be
expanded to the in vivo model aiming to affirm the more
effective synergistic anticancer effect of aprepitant and
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sorafenib combination to reduce the dose of the active
compound and consequently the undesirable effects of

high doses of sorafenib.
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Additionally, our study assessed the molecular targets in
Egyptian HCC patients. In our patients, the mean PES was

29.23 months, the 1-year PFS was 90%, and the 3-year PFS
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Table 5 Univariate and multivariate Cox regression analysis for the factors affecting PFS (=36 vs. 14)

Univariate #Multivariate

p HR (LL-UL 95% CI) p HR (LL-UL 95% CI)
Female <0.001* 6.339 (2.796-14.370) <0.001* 12.783 (4.180-39.097)
Age (years) 0.016* 1.043 (1.008-1.079) 0.084 1.039 (0.995-1.086)
HCV presence 0.223 1(0.276-1.351)
HBV presence <0.001* 0.078 (0.022-0.269) <0.001* 0.018 (0.004-0.090)
Cirrhosis presence 0.008* 0.162 (0.042-0.627)
Ascites presence 0.001* 3.085 (1.566-6.078) 0.294 1.681 (0.638-4.431)
Presence of portal HTN 0.051 6 (0.999-5.843)
Child-Pugh <0.001* 5.564 (2.774-11.159)
High stage (lll/IV) 0.207 33104 (0.011-9.8x 10°)
NK+ve 0.003* 6(1.483-6.973) 0.030* 2.555 (1.096-5.954)

HCV hepatitis C virus, HBV hepatitis B virus, portal HTN portal hypertension, NK neurokinin. HR hazard ratio, C/ confidence interval, LL lower limit, UL upper limit. #All
significance for the asteriskvariables with p <0.05 were included in the multivariate. *Statistically significant at p <0.05

was 28%, while the mean OS was 44.60 months, the 1-year
OS was 90%, and the 3-year OS was 74%.

The majority of our patients had HBV as the cause of
liver cirrhosis which does not reflect the prevalence of viral
hepatitis in Egypt where HCV is more prevalent. But it can
be explained by the sample selection as we used archived
paraffin blocks from 2010 to 2015 and applied many inclu-
sion and exclusion criteria to fit in our study which inciden-
tally was more applied to HBV patients. Additionally, the
mean age for the patients was 57 years old, indicating that
this group of patients was at high risk for HBV infection

before the addition of the HBV vaccine to the Egyptian
compulsory list of vaccination. Additionally, the campaign
for anti-schistosomal treatment, which was done in Egypt
in the 1980s, aided in the spread of HBV infection [43].
Moreover, two patients’ liver cirrhosis was explained
only by hepatic schistosomiasis. The role of schistosomal
infection in the development of HCC is still controver-
sial, but it has been suggested that Schistosoma mansoni
infection may be a possible risk factor for HCC. Sev-
eral mechanisms have been proposed including chronic
inflammation resulting from prolonged infestation with
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Table 6 Log rank for Progression Free Survival with different parameters

Total no Media n % 1 year % 3 year % end of study Log rank
Mean X P
Sex
Male 36 3353 31.0 94.4% 38.9% 38.9% 26.30 <0.00
Female 14 1818 200 78.6% 0.0% 0.0% o i
HBV
Absent 5 9.60 14.0 60.0% 0.0% 0.0% 2797 <0.00
Present 45 3141 290 93.3% 31.1% 31.1% 7 i
NK
NK—ve 20 3535 - 90.0% 55.0% 55.0% 0.328* 0.001*
NK+ve 30 24.75 250 90.0% 10.0% 10.0%
HBYV hepeatitis B virus, NK neurokinin
*Statistically significant
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Fig. 10 K-M survival curve for OS with sex

the parasite leading to the development of oxidative
stress and damaging effect on host cells, suppression of
the immune system, and facilitating the evolution of
oncogenes inside the host cells especially when coin-
fected with HCV or HBV [44].

We analyzed the risk factors for HCC progression and
shorter OS with univariate and multivariate analyses.

The results of multivariate analysis in the present
research showed that the female sex and NK+ve were
significant independent factors in predicting worse PFS,

while worse OS can be predicted by the female sex, the
presence of cirrhosis, and the presence of portal HTN.

These findings support a prior study by Faitot F. et al.
that found PH decreased overall survival (OS) in HCC
patients waiting for liver transplantation [45]. Numerous
studies, such as Lin C. W. et al. which examined important
predictors of OS in patients with HCC following surgical
resection, also found a correlation between cirrhosis and
poor overall survival (OS), which is caused by worsening
liver functions and fewer treatment options [46]
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In our investigation, we noticed that patients with HCC
had much higher levels of NK-1R immunohistochemis-
try expression than the cirrhotic tissues surrounding the
tumor. This was associated with better response to NK-1R

antagonists (including aprepitant). A higher progression-
free survival was shown to be linked in the current inves-
tigation with greater intratumoral levels of natural killer
cells (NK cells). Our findings are consistent with recent
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Table 7 Univariate and multivariate Cox regression analysis for the elements affecting overall survival (n=13 vs. 37)

Univariate #Multivariate

p HR (LL-UL 95% CI) p HR (LL-UL 95% CI)
Female 0.005* 4901 (1.597-15.040) 0.002* 13.162 (2.649-65.390)
Age (years) 0.244 1.033 (0.978-1.091)
HCV presence 0378 1.655 (0.540-5.074)
HBV presence <0.001* 0.078 (0.022-0.269)
Cirrhosis presence 0.008* 0.162 (0.042-0.627) <0.001* 0.021 (0.003-0.166)
Ascites presence 0.062 409.1(0.737-226,973.2)
Presence of portal HTN 0.004* 5.789(1.750-19.150) 0.001* 10.570 (2.479-45.076)
Child-Pugh [B] 0.101 920.6 (0.267-3,172,035.4)
High stage (Ill/1V) 0.207 33104 (0.011-9.8x 105
NK+ve 0.506 1491 (0.459-4.845)

HCV hepatitis C virus, HBV hepatitis B virus, portal HTN portal hypertension, NK neurokinin. HR hazard ratio, C/ confidence interval, LL lower limit, UL upper limit. #All
variables with p <0.05 were included in the multivariate. *Statistically significant at p <0.05

Table 8 Log rank for Overall Survival with different parameters

Total no Mean Median % 1 year % 3 years % end of study Log rank
X2 P
Sex
Male 36 4861 - 94.4% 86.1% 86.1% 9.827* 0.002*
Female 14 31.29 32.00 78.6% 42.9% 42.9%
Cirrhosis
Absent 3 22.00 22.00 100.0% 0.0% 0.0% 9.425% 0.002*
Present 47 46.04 - 89.4% 78.7% 78.7%
Portal HTN
Absent 44 47.18 - 93.2% 79.5% 79.5% 10.937% 0.001*
Present 6 22,67 18.00 66.7% 33.3% 33.3%

Portal HTN, portal hypertension. *Statistically significant at p <0.05

research showing a negative association with tumor pro-
liferation and a positive correlation between the density of
intratumor NK-cells and tumor apoptosis [47].

Conclusion
Combined aprepitant and sorafenib may be a promising
approach in HCC treatment.

Recommendation

Larger sample size to confirm our findings and possibil-
ity of doing clinical trials with its different phases using
this combination therapy to test safety, effectiveness,
and identify any side effects.
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