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Abstract

The A3 adenosine receptor (A3AR) is over-expressed in human hepatocellular carcinoma (HCC) cells. Namodenoson,
an A3AR agonist, induces de-regulation of the Wnt and NF-kB signaling pathways resulting in apoptosis of HCC cells.
In a phase I healthy volunteer study and in a phase I/II study in patients with advanced HCC, namodenoson was safe and
well tolerated. Preliminary evidence of antitumor activity was observed in the phase I/II trial in a subset of patients with
advanced disease, namely patients with Child—Pugh B (CPB) hepatic dysfunction, whose median overall survival (OS) on
namodenoson was 8.1 months. A phase II blinded, randomized, placebo-controlled trial was subsequently conducted in
patients with advanced HCC and CPB cirrhosis. The primary endpoint of OS superiority over placebo was not met. How-
ever, subgroup analysis of CPB7 patients (34 namodenoson-treated, 22 placebo-treated) showed nonsignificant differences
in OS/progression-free survival and a significant difference in 12-month OS (44% vs 18%, p=0.028). Partial response was
achieved in 9% of namodenoson-treated patients vs 0% in placebo-treated patients. Based on the positive efficacy signal in
HCC CPB7 patients and the favorable safety profile of namodenoson, a phase III study is underway.
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Introduction

Primary liver cancer, and specifically hepatocellular carcinoma
(HCC), is a major global health problem due to its incidence,
associated mortality, and lack of effective treatment modalities,
particularly for patients with moderate or advanced hepatic
dysfunction. In the current review, we discuss the preclinical
evidence supporting a novel approach for treating HCC, which
involves targeting the A3 adenosine receptor (A3AR), and the
currently available clinical trial data supporting this approach.
We also describe the potential utility of this approach for the
treatment of other liver diseases. Lastly, we present the ongoing
clinical development program for this approach as well as its
current regulatory status.

Unmet need in advanced HCC with hepatic
impairment

Liver cancer is the sixth most common cancer worldwide
and the third most frequent cause of cancer-related death
globally with approximately 906,000 new cases and 830,000
deaths estimated in 2020 [1]. Liver cancer is more common
among males than among females. The cumulative incidence
risk (ages 0-74 years) is 1.65% for males and 0.60% for
females. The cumulative mortality risks (ages 0-74 years)
are 1.49% and 0.55%, respectively [1]. HCC accounts for
the majority of primary liver cancers (75-85% of cases) [1].
The main risk factors for HCC include infection with the
hepatitis B virus (HBV) or hepatitis C virus (HCV). Other
risk factors include heavy alcohol consumption, metabolic
liver disease and specifically non-alcoholic fatty liver dis-
ease (NAFLD), and exposure to toxins such as aflatoxins and
aristolochic acid [2].

The management of HCC takes into consideration not
only tumor characteristics, the extent of the disease, and
patient comorbidities, but also the patient’s liver function as
the benefit of any therapy might be offset by the decline in
liver function. For patients diagnosed with early-stage HCC,
surgical resection, liver transplantation, and local ablation
are potentially curative treatments [2]. Surgical resection is
effective; however, more than half of patients experience
recurrent disease after such resection [3]. Liver transplan-
tation has the advantage of removing not only the tumor
but also the unhealthy liver tissue that is characterized by
limited functionality and a tendency to develop HCC within
the cirrhotic tissue. Thus, it is an excellent option if the liver
dysfunction precludes surgical resection and is a potentially
curative approach [2]. Notably, the liver transplantation
approach is extremely limited by the restricted number of
livers available for transplantation [2]. Percutaneous local
ablation (radiofrequency ablation or microwave ablation)
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works via induction of tumor necrosis by heat delivered into
the tumor [2]. Ablation is typically used in patients who are
not suitable candidates for surgical resection or liver trans-
plantation due to comorbidities or hepatic dysfunction. It can
also be used as a bridge therapy to liver transplantation [4].
For patients diagnosed with intermediate-stage HCC, tran-
sarterial chemoembolization (TACE) and transarterial radi-
oembolization (TARE) are effective locoregional treatments.
TACE involves intra-arterial infusion of chemotherapy (most
commonly doxorubicin, epirubicin, or cisplatin) and occlud-
ing the vascular supply to the tumor by delivery of embo-
lization particles into the tumor-feeding artery, leading to
ischemic necrosis of the tumor [5]. TARE involves intratu-
moral brachytherapy that delivers radioactive microspheres
into the vascular supply of the tumor, thereby achieving high
radiation doses within the tumor [6].

Patients with advanced HCC are typically treated with
systemic therapy. The first systemic therapy approved for
HCC was the multi-kinase inhibitor sorafenib, which was
approved by the United States Food and Drug Administra-
tion (FDA) in 2007, as a first-line treatment for unresectable
HCC, and since then has been the global standard of care
[7]. In 2018, the tyrosine kinase inhibitor lenvatinib was
approved by the FDA as an alternative to sorafenib in the
first-line setting [8]. Since first-line treatment in advanced
HCC often fails due to disease progression or significant
toxicity, second and laterline therapies are needed. In recent
years, several therapies have been approved for advanced
HCC in patients who have been previously treated with
sorafenib. These include regorafenib and cabozantinib
(multi-target kinase inhibitors), ramucirumab (monoclonal
antibody against vascular endothelial growth factor recep-
tor [VEGFR]-2), immunotherapies such as nivolumab and
pembrolizumab (monoclonal antibodies against programmed
death receptor-1 [PD-1]), and the immunotherapy combi-
nation of nivolumab plus ipilimumab (monoclonal anti-
body against cytotoxic T-lymphocyte antigen 4 [CTLA-4])
(recently reviewed by Rimassa et al. [9]).

Liver dysfunction is often described clinically using the
Child-Pugh scoring system, which was designed to predict
mortality in cirrhosis patients [10]. The Child—Pugh score is
determined based on multiple clinical and laboratory criteria
including encephalopathy, ascites, bilirubin, albumin, and
prothrombin time/internationalized normalized ratio (INR)
where each criterion is associated with a pre-specified num-
ber of points based on increasing severity [10]. Patients with
5-6 points are classified as having Child—Pugh A (CPA) cir-
rhosis (i.e., good hepatic function); patients with 7-9 points
are classified as having Child—Pugh B (CPB) cirrhosis (i.e.,
moderately impaired hepatic function); and patients with
10-15 points are classified as having Child—Pugh C (CPC)
cirrhosis (i.e., advanced hepatic dysfunction) [10].
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Notably, all studies evaluating investigational drugs as
first-line therapies in advanced HCC limited their enrollment
to patients with CPA cirrhosis. Furthermore, in the second-
line setting (after prior treatment with sorafenib), data are
also primarily limited to CPA patients, since patients with
CPB and CPC cirrhosis are typically excluded from clini-
cal studies due to their poor prognosis and low expected
response rate [11]. Thus, within the expanding landscape of
systemic therapies for patients with advanced HCC, manage-
ment of HCC with more advanced stages of cirrhosis clearly
constitutes an unmet clinical need.

Adenosine receptors in normal physiology
and various pathologies

Adenosine is a ubiquitous nucleoside present in most cell
types. It is released from metabolically active or stressed
cells and subsequently acts as a regulatory molecule through
binding to cell surface-specific adenosine receptors (AR)
termed A1AR, A2AAR, A2BAR, and A3AR [12, 13]. As
nearly all cells express specific adenosine receptors, aden-
osine serves as an important physiological regulator with
cardio-protective, neuro-protective, chemo-protective, and
immunomodulator functional activities [14—19].

The cDNA encoding A3AR was cloned from a human
heart library approximately 30 years ago [20]. Northern blot
analysis of various human tissues showed that the human
A3AR gene is expressed primarily in the lung, liver, kid-
ney, and heart, whereas A3AR expression in the brain and
skeletal muscles is very limited [20, 21]. The A3AR is
over-expressed in tumor and inflammatory cells [22-27].
For example, a study examining A3AR expression (using
reverse transcription polymerase chain reaction [RT-PCR]
and Western blot analyses) in tumor tissues, adjacent normal
tissues, and in regional lymph node metastases from patients
with colon or breast carcinoma demonstrated that colon and
breast carcinoma tissues had higher A3AR expression and
higher A3AR protein levels compared to the adjacent healthy
tissues [24]. Furthermore, lymph node metastases had even
higher A3AR expression compared to the primary tumor
tissue [24]. Notably, the elevated expression of A3AR is
also reflected in peripheral blood cells from cancer patients
(threefold higher compared with healthy subjects), as was
first demonstrated nearly 20 years ago in patients with colon
carcinomas [23].

Selective agonists are now available for all 4 adenosine
receptor subtypes [28, 29]. Over a dozen of these selective
agonists are now in clinical trials for various indications,
although, thus far, none has received regulatory approval
except for the endogenous AR agonist, adenosine (which is
indicated not in oncology, but rather as an adjunct to thal-
lium-201 myocardial perfusion scintigraphy in patients unable

to exercise adequately [30]). A1AR agonists are in clinical
trials for the treatment of cardiac arrhythmias and neuropathic
pain; A2aAR agonists are in clinical trials for myocardial
perfusion imaging and as anti-inflammatory agents; A2bAR
agonists are in preclinical evaluation for the potential treat-
ment of cardiac ischemia; and A3AR agonists are in clinical
trials for the treatment of psoriasis, NAFLD, with or without
nonalcoholic steatohepatitis (NASH), and HCC [31].

All ARs operate through distinct biochemical signaling
mechanisms. The A1AR and A3AR subtypes control their
cellular responses via pertussis toxin-sensitive G proteins
of the Gi and Go family. A3AR triggers Gi-proteins and
induces a signaling cascade that increases intracellular cal-
cium concentrations thereby activating phospholipase C
and D, inhibiting the activity of adenylyl cyclase and the
production of cAMP, leading to related cellular responses
such as cell proliferation or tumor cell apoptosis [24, 25,
32-38].

Indeed, molecular targeting of the A3AR by synthetic
agonists results in a differential effect on tumor versus nor-
mal cells, due to the overexpression of A3AR in the former.
In vitro, synthetic A3AR agonists were shown to inhibit the
growth of various tumor cell types. For example, the synthetic
A3AR agonist CF101 inhibited HCT-116 human colon car-
cinoma cells in vitro at the low nanomolar range, an effect
that was reversed by a selective A3AR antagonist (MRS1523)
[39]. Tumor growth inhibitory effects were also observed
in vivo in experimental animal models of melanoma, pros-
tate cancer, colon carcinoma, breast cancer, and HCC (sum-
marized by Fishman et al. [40]). For example, CF101 inhib-
ited the development of primary tumors in a xenograft model
of HCT-116 human colon cancer and a syngeneic model
of murine CT-26 colon carcinoma cells [39]. Furthermore,
CF101 also significantly suppressed the development of liver
metastases in the syngeneic mice where the spleen was inocu-
lated with CT-26 cells [39]. Another example is the inhibition
of the development of B16-F10 melanoma in mice (a flank
model) by CF101, an effect that was reversed by the selective
A3AR antagonist, MRS1523 [41].

A3AR: a valid therapeutic target in liver
diseases

The A3AR is over-expressed in human HCC tissues and periph-
eral blood mononuclear cells (PBMCs) derived from HCC
patients. This overexpression was demonstrated in a study
involving 21 patients with HCC (disease duration, 3—6 years).
The overexpression in these patients was observed in the
PBMCs, as well as in the tumor tissues but not in the adjacent
healthy tissues [42]. The high expression level of A3AR was
directly correlated to high expression levels of the transcription
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factor NF-xB, known to be present in the A3AR gene promoter
[42]. The findings from HCC patients are consistent with pre-
clinical pharmacology studies in N1S1 HCC tumor-bearing
rats, in which overexpression of A3AR in the tumor tissue was
reflected in the PBMCs of the animals [42].

Namodenoson: a highly selective A3AR
agonist

A series of highly selective A3AR agonists have been synthe-
sized and their interactions with A3AR have been character-
ized using site-directed mutagenesis and molecular modeling
[40]. Typical A3AR agonists are adenosine derivatives that
contain 5'-uronamide and N°-benzyl modifications leading to
nanomolar receptor affinity [40]. Namodenoson (CF102, CL-IB-
MECA, Can-Fite BioPharma, Petah Tikva, Israel) is a 2-chloro
analog of the protoypical agonist CF101. Its molecular formula
is C,gH;3CINgO,, and its molecular weight is 544.73 Da. The
molecular structure of namodenoson is depicted in Fig. 1.
Namodenoson activity is specific and selective to A3AR.
Its ICs,, value for A3AR is 3 orders of magnitude lower com-
pared to that for the other adenosine receptors (Table 1).

Namodenoson: preclinical pharmacology studies

A3AR agonists were shown to inhibit tumor cell growth in vitro
in the N1S1 and Hep-3b HCC cell lines [42, 43]. In HCC
xenograft and orthotopic models, namodenoson given orally
to tumor-bearing animals inhibited tumor growth remarkably
[42]. Interestingly, in the N1S1 orthotopic model where 1, 50,
100, 500, and 1000 pg/kg were introduced thrice daily to the
tumor-bearing animals, a bell-shaped effect was observed, with
a maximal effect at the 100 pg/kg dose (Fig. 2) [42].

These preclinical data suggest that A3AR agonists cause
a clear linear dose—response curve at low doses. A down-
turn of the dose-response curve occurs when ligand dose
increases, resulting in lower efficacy due to decreased recep-
tor response to the agonist.

The bell-shaped dose—response curve is well established
for drugs that target other G protein-coupled receptors. For
example, buprenorphine, a partial agonist at the ORL1/
nociceptin G protein-coupled p-opioid receptor, which is
used to treat opiod dependence, as an analgesic, and as an
antiemetic following chemotherapy, also exhibits a bell-
shaped dose—response curve [44—46].

Also, upon treatment of the N1S1-bearing animals with
namodenoson, the A3AR expression level was downregu-
lated in the excised tumor lesions and the PBMCs. Recep-
tor downregulation represents a response to the agonist
due to receptor internalization and degradation in the lyso-
some [42]. It is well established that Gi protein receptors
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Fig. 1 Namodenoson chemical structure

are internalized to early endosomes upon agonist binding.
Studies with B-16 melanoma cells showed that A3AR is
then re-synthesized in the cells and externalized to the cell
membrane, ready for interaction with the agonist [41, 42].

Namodenoson demonstrated a favorable safety profile
in nonclinical toxicology testing and is an orally bioavail-
able small molecule (Can-Fite BioPharma Ltd., data on
file), characteristics that make it an attractive candidate as a
human therapeutic agent.

Table 1 Binding of Namodenoson to Human Receptors, as deter-
mined with radioligand binding assays

Receptor IC5,, (nM) K; (nM)*
A, 5,390 3,140
Ay, 2,090 1,170
A,y No activity No activity
As 0.717 0.661
3544.73 ng/mL =1 pM
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Fig.2 Effect of namodenoson on the growth of HCC tumors in a rat
orthotopic model [42]
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Namodenoson: mechanism of action in HCC

The molecular mechanism underlying the tumor growth inhi-
bition activity of namodenoson involves de-regulation of the
NF-xB and the Wnt signaling pathways (Fig. 3) [42]. This was
demonstrated using Western blot analyses on tumor protein
extracts derived from N1S1 tumor-bearing rats that were treated
with namodenoson or vehicle [42]. Using the same approach,
it was shown that pro-apoptotic proteins such as Bad, Bax, and
caspase-3 are upregulated in the namodenoson-treated N1S1
tumor-bearing rats. In addition, the TUNEL assay performed on
tumor sections derived from namodenoson- and vehicle-treated
N1S1 tumor-bearing rats demonstrated abundant apoptotic cells
in the namodenoson-treated but only a few apoptotic cells in the
vehicle-treated animals [42]. Notably, this main mechanism of
action of namodenoson is potentiated by another mechanism
involving the stimulation of natural killer cells [47]. This was
demonstrated in another preclinical study involving mice inoc-
ulated with B16-F10 melanoma cells, which showed growth
inhibition of the melanoma in namodenoson-treated mice. The
study also showed that this growth inhibition was correlated
with higher serum levels of interleukin 12 and the potentiation of

natural killer cells [47]. Furthermore, growth inhibition of lung
metastasis loci was observed in the melanoma-bearing mice
upon engraftment with splenocytes derived from namodenoson-
treated mice, further supporting the role of natural killer cells in
the namodenoson anticancer activity [47].

Interestingly, in contrast to the inhibitory effect of
namodenoson on cancer cells, the effect of namodenoson
on myeloid cells seems to be myelostimulatory. Mechanistic
studies involving the A3AR agonist CF101 showed that oral
administration of this agent led to an elevation of serum
granulocyte colony-stimulating factor (G-CSF), as well as
an increase in absolute neutrophil counts (ANC) and bone
marrow colony-forming cells [48]. The molecular mecha-
nisms associated with these effects involve the upregula-
tion of NF-kB and the upstream kinases phosphoinositide
3-kinase (PI3K), PKB/Akt, and IKK [48].

Protective effects of namodenoson on the liver:
preclinical evidence

Namodenoson acts as a hepatoprotective agent against liver
injury in models of acute hepatitis, hepatic ischemia, stea-
tohepatitis, and partial hepatectomy. Studies in mice with
hepatic inflammation induced by concanavalin A demon-
strated that namodenoson reduced serum levels of the liver
enzymes alanine transaminase (ALT) and aspartate ami-
notransferase (AST) compared to the vehicle-treated group
[43].

Namodenoson was also shown to protect the liver from
ischemia/reperfusion (IR) injury in a preclinical IR model in
Wistar rats. Namodenoson prevented the increase in serum liver
enzymes (ALT, AST) and protected the liver from apoptosis
[49]. In addition, namodenoson was demonstrated to acceler-
ate liver regeneration upon partial hepatectomy. In rats that
underwent partial hepatectomy (70%) under ischemia and then
received namodenoson, histopathology of the livers revealed
induced mitosis of hepatocytes, increased mitotic index, and
increased liver mass [49]. In addition, namodenoson was shown
to have anti-inflammatory and anti-steatotic effects in murine
models of NASH including the STAM model and the carbon
tetrachloride model. In the former, namodenoson significantly
decreased the NAFLD activity score, and in the latter, it reversed
ALT levels to normal and significantly improved liver inflam-
mation and fibrosis [50].

Clinical evaluation of namodenoson in advanced
HCC

Phase | study

In the phase I double-blind, randomized study, namodeno-
son was evaluated in 25 healthy male, non-smoker subjects
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Fig.4 Kaplan—Meier curves by treatment group for all patients and
Child—Pugh Score 7 (CPB7) patients in the phase II Trial. a overall
survival (OS) in all patients; b progression-free survival (PFS) in all

enrolled in 5 cohorts of 5 subjects each at a 4:1 ratio (4
randomized to namodenoson and 1 to matching placebo).
A period of approximately 2 weeks separated the dosing of
each cohort. In this healthy volunteer trial, single doses of
oral namodenoson as high as 40 mg were not associated with
intolerability, clinically important adverse events (AEs), or
changes in electrocardiograms or laboratory assessments
(Can-Fite BioPharma Ltd., data on file).

Phase I/Il study

In phase I/II, open-label, dose-escalation study (clinicaltrials.
gov identifier: NCT00790218), namodenoson was evaluated in
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patients with advanced HCC. The study (CF102-102HCC) was
designed to evaluate the safety, long-term tolerability, maximum
tolerated dose, pharmacokinetics, pharmacodynamic effects,
and preliminary clinical activity of namodenoson in this popu-
lation [51]. A total of 18 patients received BID oral doses of
namodenoson in consecutive, 28-day cycles. The starting dose
was 1 mg BID, with subsequent escalations by cohort to 5 mg
BID and 25 mg BID (each dose level included 6 patients). Of
the 18 patients, 5 had CPB cirrhosis at baseline, of whom 3
received the 25 mg BID dose. Efficacy was evaluated using
Response Evaluation Criteria in Solid Tumors (RECIST) v1.0.
There were no objective complete responses (CR) or partial
responses (PR) assessed by RECIST criteria. Four patients
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(22%) had a best overall response of stable disease (SD) that
lasted at least 4 months. One of the patients presented with skin
nodules that were HCC metastases (as proven by biopsy) and
achieved a complete metastasis regression during 3 months of
namodenoson treatment [51]. Median overall survival (OS) was
7.8 months for all patients, and 7.0 months for patients who
progressed on sorafenib treatment. CPB patients had a median
OS of 8.1 months [51].

Phase Il study

In phase II blinded, randomized, placebo-controlled study that
was designed to further explore the efficacy signal seen in the
subgroups analysis of the phase I/II study, the namodenoson
dose evaluated was oral 25 mg BID. The study population
consisted of 78 patients with advanced HCC but was specifi-
cally limited to patients with CPB cirrhosis who did not tolerate
sorafenib or whose disease progressed despite first-line therapy
with sorafenib (clinicaltrials.gov identifier: NCT02128958).
Patients were randomized in a 2:1 ratio to receive namodenoson
25 mg BID (n=50) or placebo (n=28) [52].

The safety and tolerability experience in this study was
consistent with the favorable profile seen in earlier trials. No
treatment-related deaths were reported. Also, no patients with-
drew from the study and no dose reductions were attributable
to namodenoson. Importantly, no hepatotoxicity was reported
and liver function tests demonstrated no adverse namodeno-
son-related effect. Mean serum albumin levels and albumin-
bilirubin (ALBI) scores also did not change significantly in

Placebo
n=22

Namodenoson
n=34

both arms throughout the study. Only one grade 3 treatment-
related AE was reported (hyponatremia) [52].

The primary trial efficacy endpoint of OS superiority over
placebo was not met; median OS was 4.1 and 4.3 months for
namodenoson and placebo, respectively (hazard ratio [HR],
0.82; 95% confidence interval [CI] 0.49—1.38; p=0.46)
(Fig. 4a). Similarly, no superiority was observed for progres-
sion-free survival (PES) (Fig. 4b). In this CBP study population,
patients with a Child—Pugh score of 7 (the least severe form of
hepatic dysfunction within the CPB category) were the largest
group (34 patients in the namodenoson arm and 22 patients in
the placebo arm). Preplanned analysis in which patients were
evaluated by Child—Pugh subgroups demonstrated nonsignifi-
cant differences in OS and PES for patients with a Child—Pugh
score of 7. In this subcategory, the median OS was 6.9 months
in the namodenoson group vs 4.3 months in the placebo group

Table 2 Best Observed responses (RECIST 1.1) by treatment arm in
the phase II trial [52]

Response, n (%) Namodenoson Placebo
n=34 n=21

CR 0(0.0%) 0(0.0%)

PR 3 (8.8%) 0(0.0%)

SD 17 (50.0%) 10 (47.6%)

PD 14 (41.2%) 11 (52.4%)

Abbreviations: CR, complete response; PD, progressive disease;
PR, partial response; RECIST, response evaluation criteria in solid
tumors; SD, stable disease
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(HR, 0.81; 95% CI 0.45—1.43; p=0.46). The median PFS
was 3.5 months vs 1.9 months (HR, 0.89; 95% CI 0.51—1.55;
p=0.67) (Fig. 4c, d). In patients with a Child—Pugh score of
8 (13 patients; 7 namodenoson-treated and 6 placebo-treated),
OS and PFS were similar between the namodenoson and pla-
cebo arms and were overall shorter than those reported for the
subgroup of patients with a Child—Pugh score of 7 (OS: 3.3 vs
3.4 months, for the namodenoson and placebo arms respectively;
HR, 0.88;95% C10.28—2.77, p=0.83. PFS: 2.1 vs 1.9 months,
respectively; HR, 0.71; 95% CI 0.23—2.17, p=0.53). The
median OS and PFS values for the 9 patients with a Child-Pugh
Score of 9, who were all in the namodenoson arm, were 3.5
and 2.2 months, respectively, similar to those in patients with a
Child—Pugh score of 8 [52]. Exploratory analysis comparing OS
by treatment arm and stratification by gender, alfa-fetoprotein
levels, Eastern Cooperative Oncology Group (ECOG) Perfor-
mance Status (PS), HPB, and HPC status, locoregional therapy,
extrahepatic spread status, and portal vein thrombosis status
found no statistically significant differences between the study
arms in any of the subgroups, which could be attributed, in part,
to the relatively small sample size in some of the groups [52].
The difference in the 12-month OS rate was statistically
significant (44% and 18% in the namodenoson and pla-
cebo arms, respectively; p=0.028) (Fig. 5). Analysis of the
response in all patients for whom at least 1 post-baseline
assessment was available (55 patients; 34 namodenoson-
treated and 21 placebo-treated) revealed that no patient
experienced CR and that PR was achieved by 3 patients
(9%) in the namodenson group vs none in the placebo group
(Table 2) [52]. In the 3 patients who experienced PR, the
duration of response was 2, 6, and 26 months [52].

Clinical evaluation in other liver diseases

As the preclinical studies suggested that namodenoson is
characterized by anti-tumor and hepatoprotective effects
[50], namodenoson has also been clinically evaluated as a
treatment for NAFLD with or without NASH. A phase II
double-blind placebo-controlled dose-finding study investi-
gated namodenoson in patients with NAFLD and serum ALT
levels > 60 U/L (clinicaltrials.gov identifier: NCT02927314)
[53]. Sixty patients were randomized (1:1:1) to receive oral
namodenoson 25 mg BID, 12.5 mg BID, or placebo BID for
12 weeks and were followed up until week 16. The safety pro-
file for namodenoson in this study was favorable and consist-
ent with other namodenoson studies. Dose dependency was
observed and namodenoson 25 mg BID was more efficacious
for treating NAFLD than 12.5 mg BID. Namodenoson was
found to favorably affect liver function and liver morphol-
ogy. Normalization of ALT levels at week 16 was reported
in 37% of patients in the 25 mg BID group vs 10% in the
placebo group (p=0.038). Change from baseline (CFB) in
AST levels was also statistically significant in the 25 mg BID

@ Springer

group compared to placebo (week 12 mean CFB:-8.4 vs —0.8
U/L; p=0.03). Other endpoints suggesting liver-protective
and anti-fibrotic effects for namodenoson included reduced
liver fat volume (week 12 mean CFB: — 159 vs — 74 ¢cm® for
25 mg BID and placebo, respectively; p=0.03) and decreased
Fib4-scores (week 12 mean CFB: —0.28 vs —0.03 for 25 mg
and placebo, respectively; p=0.011) [53]. Phase IIb evaluat-
ing namodenoson 25 mg BID in this indication is currently
underway (clinicaltrials.gov identifier: NCT04697810).

Current regulatory status and future clinical
trials

The US FDA granted an Orphan Drug and Fast Track Sta-
tus to namodenoson for the treatment of HCC. The Euro-
pean Medicines Agency (EMA) also granted an orphan
drug status to namodenoson.

A pivotal phase III clinical study has been designed and
is underway (clinicaltrials.gov identifier: NCT05201404)
[54]. It is a multicenter, randomized, double-blind,
and placebo-controlled study of the efficacy and safety
of namodenoson (25 mg BID) for treating advanced
HCC in patients (> 18 years) with CPB cirrhosis and
Child-Pugh score 7 whose disease has progressed on
at least one first-line therapy. The study is designed to
enroll a total of 471 patients, randomized in a 2:1 ratio
(namodenoson:placebo). Treatment is administered for
consecutive 28-day cycles, until disease progression or
drug-related intolerability. The primary efficacy endpoint
of the study is OS. Other endpoints include PFS, time-to-
progression (TTP), and response rates. The design of this
phase III study has been agreed upon with the FDA and
EMA, and results are expected in 2025 [54].

Conclusions

Namodenoson is a promising investigational drug with a novel
mechanism of action for the treatment of liver diseases, most
notably HCC patients with CPB cirrhosis and a Child—Pugh
score of 7. Phase Il trial in this indication is underway.
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