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(57) Abstract: Disclosed are methods for the prevention or treatment of a disease or infection caused by or associated with H. Pylori
in a subject infected by H. Pylori, the method comprising orally administering a halogenated salicylanilide such as niclosamide to the
subject. The method may be used for the prevention or treatment of, for example dyspepsia, gastritis, peptic ulcer disease, premalignant
gastric lesions, gastric cancer and gastric mucosa-associated lymphoid tissue (MALT) lymphoma.
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METHODS FOR TREATING DISEASES OR INFECTIONS CAUSED BY OR
ASSOCIATED WITH H. PYLORI USING A HALOGENATED SALICYLANILIDE

STATEMENT OF FEDERALLY SPONSORED RESEARCH

[0001] This invention was made with government support under grant number P01
Al083214 awarded by the National Institutes of Health. The government has certain rights

in the invention.
FIELD OF THE INVENTION

[0002] This disclosure relates to halogenated salicylanilides, for example niclosamide,
oxyclozanide, closantel or rafoxanide, or pharmaceutically acceptable salts or solvates
thereof, for use in the treatment or prevention of an infection or disease caused by or

associated with Helicobacter Spp., particularly H. Pylori.
BACKGROUND

[0003] Helicobacter pyloriis a Gram-negative, helically shaped, stomach pathogen
associated with human gastric mucosa. This bacillus is associated with the development of
gastrointestinal disorders, including chronic gastritis, peptic ulcer, gastric mucosa-
associated lymphoid tissue (MALT) lymphoma and gastric carcinoma (Thung, |. et al.
Alimentary pharmacology & therapeutics 43, 514-533 (2016)).

[0004] About 2.9% of H. Pylori infected individuals develop gastric cancer and
eradication of H. Pylori infection decreased the risk of gastric cancer (Hagymasi, et al.
World journal of gastroenterology: WJG 20, 6386 (2014); and Graham, Gastroenterology
148, 719-731. €713 (2015)). Meta-analysis by Wu et al. (Colorectal Disease 15 (2013)),
has also shown that H. Pylori infection may be associated with increased occurrence of

colorectal cancer.

[0005] H. Pylori infection is often initiated in childhood and it is estimated that H. Pylori
infection is present in about half of the global population (Nguyen et al. Helicobacter 4,
185—-197 (1999)). The World Health Organization (WHO) has declared H. Pylori a class |
gastric carcinogen with worldwide prevalence (Peek et al. Nature reviews. Cancer 2, 28
(2002)).

[0006] Successful antimicrobial treatment for H. Pylori infection is extremely challenging
due to its survival in a hostile acidic environment and association within the gastric mucosa
(Romano et al. Medscape General Medicine 6, 19 (2004)). To be effective against H.
Pylori antimicrobial agents must penetrate thick mucus of the gastric mucosa and remain
active in the low pH of the gastric environment. Current antibiotic treatments require

sequential administration of two or more antibiotics, typically clarithromycin together with
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amoxicillin or metronidazole (Papastergiou et al. J. Gastroenterol. 2014, Aug 7;
20(29):9898-911). However, many of the antibiotics used in current treatments are
degraded and/or lose effectiveness at low pH. To counter the negative effects of low pH on
the antibiotics, current treatments combine the antibiotics with a proton pump inhibitor
(PPI) to increase the gastric pH (Kita et al. CYP2C19 genotype related effect of
omeprazole on intragastric pH and antimicrobial stability. Pharm. Res. 2001; 18: 615-621).
Raising gastric pH with a PPI also acts to increase the population of dividing H. Pylori
making the bacteria more susceptible to antibiotics such as amoxicillin and clarithromycin
(Graham et al. Gut 59, 1143-1153 (2010)).

[0007] Unfortunately triple therapy treatment regimens comprising a PPl and two
antibiotics, especially those based on clarithromycin, are increasingly failing to eradicate H.
Pylori infection, primarily due to the emergence of H. Pylori resistance to the antibiotics
used in these therapies. For example, H. Pylori resistance to clarithromycin among male
U.S. veterans increased from 16% to 24% during 2009 to 2013 (Shiota et al. Clinical
Gastroenterology and Hepatology 13, 1616—1624 (2015)). As a result, clarithromycin-
based triple therapies are generally no longer considered suitable for the treatment of H.
Pylori (Graham et al. (2010) supra)

[0008] Quadruple treatment regimens using bismuth have been developed to combat H.
Pylori resistance. These typically comprising bismuth subcitrate, a PPI, and two antibiotics
(e.g. metronidazole and a tetracycline; levofloxacin and a tetracycline; a nitroimidazole and
tetracycline; amoxicillin and furazolidone; or metronidazole and furazolidone) have been
shown to be beneficial compared to triple therapies, especially in H. Pylori which is
resistant to e.g. metronidazole or clarithromycin (Gisbert et al. Helicobacter pylori second-
line rescue therapy with levofloxacin- and bismuth-containing quadruple therapy, after
failure of standard triple or non-bismuth quadruple treatments. Aliment Pharmacol. Ther.
2015; 41: 768-775).

[0009] Sequential, concomitant and hybrid dosage regimens have also been developed,
comprising a PPI, various antibiotic agents and/or probiotics. However, these have failed
to eliminate the emergence of H. Pylori resistance (ACG Clinical Guidelines for the

treatment of Helicobacter pylori infection Am J Gastroenterol 2017; 112:212-238).

[0010] Current treatment regimens for H. Pylori are becoming increasingly complex and
patient compliance with the treatment is likely to be poor. Furthermore, the use of multiple
antibiotics can cause significant damage to the gut microbiome. This can lead to
antibiotic-induced gut dysbiosis and an increased risk of intestine-related diseases, such
as IBD, infectious diseases, and immunity-related disorders, e.g. allergic or atopic skin
diseases and type 1 diabetes (Sekirov et al. Infect Immun. 2008 Oct; 76(10):4726-36).
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Studies on the effects of clarithromycin, metronidazole, and omeprazole on the
composition of the pharyngeal and faecal bacterial taxa show that these antibiotics may
affect 30% or more of the microbiota composition, and although the microbiota may
partially recover, the effects can persist for at least 4 years after exposure (Jakobsson et
al., PLoS One. 2010 Mar 24; 5(3)).

[0011] PPIs raise gastric pH, which is beneficial for the healing of, for example, gastric
ulcers. The higher gastric pH resulting from PPI use also acts retain the efficacy of the
antibiotics used in current treatments of H. Pylori infections, many of which are prone to
degradation and/or loss of efficacy at low pH. However, increasing gastric pH can result in
undesirable dysbiosis in the gut microbiome and may increase the risk of community-
acquired pneumonia and Clostridium difficile-associated diarrhoea in long-term PPI users
compared with non-PPI users (Eom et al. CMAJ. 2011 Feb 22; 183(3):310-9). PPl use
may also be associated with colonization of the lower Gl-tract with vancomycin-

resistant Enterococcus spp. and Klebsiella pneumoniae (Stiefel et al. Antimicrob Agents
Chemother. 2006 Nov; 50(11): 3905-3907).

[0012] There remains a need for an effective treatment of H. Pylori infections and
associated disease which do not have one or more of the drawbacks of current antibiotic

therapies, such as triple and quadruple treatment regimens.

[0013] Halogenated salicylanilides such as oxyclozanide, niclosamide, closantel and
rafoxanide are important anthelmintics used to treat cestodes (tapeworms) such as Taenia
saginata (beef tapeworm), Taenia solium (pork tapeworm), Hymenolepsis nana (dwarf
tapeworm), Hymenolepsis (rat tape worm), Diphyllobothrium latum (broad or fish
tapeworm), and Dipylidium caninum (dog and cat tapeworm). Niclosamide is also widely
used as an anthelmintic against tapeworms and rumen flukes in companion animals and
livestock, for example the treatment of Haemonchus spp. and Fasciola spp. infestation in
sheep and cattle, Oestrus ovis in sheep and Anaplocephala spp. in horses, and the

treatment Paramphistomum spp. (intestinal flukes) in cattle, sheep and goats.

[0014] Niclosamide is commercially available in a number of formulations including, but
not limited to Bayer73®, Bayer2353®, Bayer25648®, Bayluscid®, Baylucide®, Cestocid®,
Clonitralid, Dichlosale®, Fenasal®, HL 2447®, lomesan®, lomezan®, Manosil®,
Nasemo®, Niclosamid®, Phenasal®, Tredemine®, Sulqui®, Vermitid®, Vermitin® and

Yomesan®.

[0015] Niclosamide has been proposed as a possible systemic treatment for chronic lung
infections caused by the proteobacterium Pseudomonas aeruginosa and the
actinobacterium Mycoplasmum tuberculosis (F. Imperi et al., Antimicrobial, Agents and
Chemotherapy, 557(2), 996-1005 (2013)).
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[0016] J. Vinsova et al. (Molecules, vol. 12, no. 1, pp. 1-12, 2007; Bioorganic and
Medicinal Chemistry Letters, vol. 19, no. 2, pp. 348-351, 2009; European Journal of
Medicinal Chemistry, vol. 45, no. 12, pp. 6106—6113, 2010) disclose that certain

salicylanilides have antibacterial activity. H. Pylori is not disclosed.

[0017] Ghazi et al. (Zentralbl. Mikrobiol. 141 (1986), 225-232) have tested the
antibacterial effect and toxicity of synthesized salicylanilide derivatives against Escherichia

coli, Bacillus subtilis, Pseudomonas aeruginosa and Staphylococcus aureus.

[0018] R. Rajamuthiah et al. (PloS One, 2014, 9(2): e89189) identified closantel as a hit
in a high throughput liquid screening assay and found anti-staphylococcal activity of
closantel against vancomycin-resistant S. aureus isolates and other Gram-positive

bacteria.

[0019] R. Rajamuthiah et al. (PloS One, 2015, 10(4):e0124595) describe that

niclosamide and oxyclozanide have activity against MRSA.

[0020] Pauk et al. Bioorg. & Med. Chem. 23, 6574-6581 (2013), discloses the in-vitro

anti-microbial activity of certain halogenated salicylanilides and derivatives.

[0021] Chung et al. 23™ United European Gastroenterology Week, October 24-28, 2015
discloses the results of a high throughput screen in an in-vitro antimicrobial assay against
H. Pyilori. The study identified 84 compounds that were active, one of which was
niclosamide. The antimicrobial activity was assessed by culturing the H. Pylori in a medium
containing brucella agar and 7% defibrinated sheep blood, which is believed to have an
approximately neutral pH. Chung et al. selected diphenyleneiodonium chloride (DPI) and
parthenolide (PTL) as the most promising compounds for further development. No in-vivo

data is disclosed.

[0022] Ahn et al Oncotarget, 2017, Vol. 8, (No. 19), pp: 31856-31863 discloses that

niclosamide attenuates Ras-induced oncogenesis by binding to and activating GSK-3.

[0023] WO 2008/155535 describes the use of halogenated salicylanilides for the

treatment of acne resulting from Propioni bacterial infection.

[0024] WO 2016/038035 relates to the use of closantel, rafoxanide, oxyclozanide,
niclosamide and derivatives thereof in the topical treatment or prevention of infections

caused by Gram-positive bacteria, such as Staphylococcus and Streptococcus.

[0025] WO 2016/193136 relates to the use of halogenated salicylanilides in the treatment

of an infection caused by Clostridium bacteria, in particular Clostridium difficile.

[0026] WO 2017/200396 discloses the concurrent use of certain salicylamides, such as

nitazoxanide, niclosamide or oxyclozanide, and an agent that increases the permeability of
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a bacterial cell membrane for treatment of an infection or for reducing or eliminating
formation of a bacterial biofilm caused by Gram negative bacteria. Agents disclosed in WO
2017/200396 to increase the permeability of the bacterial cell membrane are polymyxin B,
polymyxin E (colistin) and gramicidin. Polymyxins B and E are antibiotics used in the
treatment of Gram-negative bacterial infections. Gramicidin is a heterogeneous mixture of
three antibiotic compounds, gramicidins A, B and C, which are collectively called

gramicidin D.

[0027] WO 2016/080846 discloses the treatment of certain Gram negative bacterial
infections by concurrent administration of certain salicylamide compounds, such as
nitazoxanide or niclosamide, and an efflux pump inhibitor. Examples of efflux pump
inhibitors disclosed in WO 2016/080846 include those described in US 6,399,629,
alkoxyquinoline derivatives, e.g. 2,8-dimethyl-4-(2'-pyrrolidinoethyl)-oxyquinoline;
piperidine and piperidine analogues; phenothiazines (e.g. chloropromazine); monoterpene
derivatives (e.g. geranylamine); or arginine derivatives, for example those described in US
6,251,869. Preferred efflux inhibitors are stated to be phenylalanine-arginine -
napthylamide and 2,3-dibromomaleimide. WO 2016/080846 does not disclose H. Pylori.

[0028] WO2018/141063 described the use of a bicarbonate, such as sodium

bicarbonate, to potentiate the effects of an antimicrobial agent.
BRIEF SUMMARY OF THE DISCLOSURE

[0029] The inventors have found that halogenated salicylanilides, for example
niclosamide, oxyclozanide, rafoxanide and closantel, are active against H. Pylori, and that
the antimicrobial activity is retained at low pH representative of that present in the gastric
acid. As such a halogenated salicylanilide may be suitable for use as an oral therapy for
the treatment or prevention of an infection or disease caused by or associated with H.

Pyilori.

[0030] According to a first aspect, there is provided a method for the prevention or
treatment of a disease or infection caused by or associated with H. Pylori in a subject
infected with H. Pylori, the method comprising orally administering to the subject an
effective amount of a halogenated salicylanilide, or a pharmaceutically acceptable salt or

solvate thereof.

[0031] According to another aspect there is provided a method for eradicating a H. Pylori
infection in a subject, the method comprising orally administering to the subject an
effective amount of a halogenated salicylanilide, or a pharmaceutically acceptable salt or

solvate thereof.
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[0032] According to another aspect there is provided a method for eradicating a H.
Pylori infection in a subject with a disease or infection caused by or associated with H.
Pyilori, the method comprising orally administering to the subject an effective amount of a

halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

[0033] Proton pump inhibitors are usually administered concurrently with two or more
antibiotics to treat H. Pylori infections. The presence of the PPI raises the level of gastric
pH and makes the H. Pylori more susceptible to the antibiotics currently used treat the
infection. The high gastric pH also acts to protect the activity and/ or acid induced
degradation of antibiotic compounds such as clarithromycin. However, the high gastric pH
induced by PPI use can lead to dysbiosis and the undesirable colonisation of the lower Gl-
tract with pathogens such as C. difficile, vancomycin-resistant Enterococcus spp.

and Klebsiella pneumoniae (Eom et al., Steifel et al. supra.).

[0034] Meta-analyses of clinical data has shown that PPI use is a potential risk for the
development of enteric infections caused by Clostridium difficile, small intestinal bacterial
overgrowth, spontaneous bacterial peritonitis, community-acquired pneumonia, hepatic
encephalopathy, and adverse outcomes in inflammatory bowel disease. Changes in the
composition and function of the gut microbiota with the use of PPIs was also observed
resulting in increased presence of Streptococcaceae and Enterococcaceae (risk factors
for C. difficile infection), and decreased population of Faecalibacterium, a commensal anti-

inflammatory microorganism.

[0035] The applicant has found that halogenated salicylanilides (e.g. niclosamide) retain
activity against H. Pylori even at low pH. This provides the possibility of treating H. Pylori

infections without the need for concurrent use of a PPI to increase gastric pH.

[0036] Accordingly, it may be that the halogenated salicylanilide, or a pharmaceutically
acceptable salt or solvate thereof is orally administered to the subject without concurrent
treatment of the subject with a PPI. Such a therapy would eliminate any negative side-
effects associated with PPI therapy, for example PPI induced gut dysbiosis, which can
result in a higher risk of developing enteric infections such as C. difficile (Naito et al J. Clin.
Biochem. Nutr. 2018, vol. 62(1), 100-105). Avoiding the requirement for a PPI also
simplifies the treatment and will aid patient compliance with the treatment. The PPI
excluded from the method may be any PPI, for example any PPl mentioned herein, for

example benzimidazole or azabenzimidazole derivatives.

[0037] Current antibiotic treatment regimens for H. Pylori infections (e.g. the triple and
quadruple regimens discussed above) require the administration of a combination of two or
more antibiotic agents. However, H. Pylori resistance to such antibiotics is a growing

problem, particularly resistance to clarithromycin. Furthermore, oral administration of
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combinations of antibiotics can devastate the natural gut bacteria leading to dysbiosis and
associated problems, including increased risk of enteric infections and inflammation of the
lower Gl tract. The Examples herein show that no H. Pylori resistance to niclosamide
developed in the 30 day resistance studies carried out. In contrast, amoxicillin and
clarithromycin, two commonly used antibiotics for H. Pylori treatment, showed evidence of
resistance developing after 15 and 24 days respectively. The halogenated salicylanilide
used in the present methods may therefore provide a treatment of a disease or infection
caused by or associated with H. Pylori which has a low risk of resistance to the
halogenated salicylanilide developing. The use of a single agent (e.g. niclosamide) to
eradicate the H. Pylori infection will also minimise the impact of the treatment on gut

bacteria, thereby preventing or reducing the risk of dysbiosis in the lower Gl tract.

[0038] Accordingly, it may be that the subject is not treated concurrently with any other
antibiotic. It may be that the halogenated salicylanilide, or a pharmaceutically acceptable
salt or solvate thereof, is orally administered to the subject, wherein the subject is not
treated concurrently with any antibiotic than the halogenated salicylanilide. It may be that
the subject is not treated concurrently with another antibiotic that is active against Gram
negative bacteria. It may be that the subject is not treated concurrently with another
antibiotic that is active against H. Pylori. For example, the subject is not concurrently
treated with an antibiotic selected from: clarithromycin, amoxicillin, tetracycline,
doxycycline, a nitroimidazole (e.g. metronidazole), fluoroquinolone, moxifloxacin, rifabutin,
levofloxacin and ciprofloxacin. It may be that the subject is not concurrently treated with an
antibiotic selected from: clarithromycin, amoxicillin and metronidazole. It may be that the

subject is not concurrently treated with clarithromycin.

[0039] It may be that the halogenated salicylanilide, or a pharmaceutically acceptable
salt or solvate thereof is orally administered to the subject as a monotherapy for the
treatment or prevention of a disease or infection caused by or associated with H. Pylori. It
may be that the method is for the eradication of an H. Pylori infection in a subject, the
method comprising orally administering the halogenated salicylanilide to the subject as a
monotherapy. It may be that the halogenated salicylanilide, or a pharmaceutically
acceptable salt or solvate thereof is orally administered to the subject, wherein the subject
is not treated concurrently with a PPl or another antibiotic. It may be that the subject is not
treated concurrently with a PPl and an antibiotic selected from: clarithromycin, amoxicillin,
tetracycline, doxycycline, a nitroimidazole (e.g. metronidazole), fluoroquinolone,
moxifloxacin, rifabutin, levofloxacin and ciprofloxacin. It may be that the disease or
infection caused by or associated with H. Pylori is treated exclusively with the halogenated

salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.
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[0040] As illustrated in the Examples herein, the inventors have found that niclosamide is
at least partially synergistic against H. Pylori when used in combination with a proton pump
inhibitor such as omeprazole or pantoprazole. Concurrent treatment of a subject with a
halogenated salicylanilide and a PPl may therefore be particularly effective for the

treatment or prevention of a disease or infection caused by or associated with H. Pyiori.

[0041] Accordingly, also provided is a method for the prevention or treatment of a
disease or infection caused by or associated with H. Pylori in a subject infected by H.
Pylori and wherein the subject is being treated with a PPI, the method comprising orally
administering to the subject an effective amount of a halogenated salicylanilide, or a

pharmaceutically acceptable salt or solvate thereof.

[0042] Also provided is a method for the eradication of a H. Pylori infection in a subject
that is being treated with a PPI, the method comprising orally administering to the subject a

halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

[0043] Also provided is a method for the prevention or treatment of a disease or infection
caused by or associated with H. Pylori in a subject infected with H. Pyilori, the method
comprising orally administering to the subject an effective amount of a halogenated
salicylanilide, or a pharmaceutically acceptable salt or solvate thereof, concurrently with an

effective amount of a proton pump inhibitor.

[0044] Also provided is a method for the eradication of a H. Pylori infection in a subject,
the method comprising orally administering to the subject an effective amount of a
halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof,

concurrently with an effective amount of a proton pump inhibitor.

[0045] Also provided is a method for the eradication of a H. Pylori infection in a subject

with a disease or infection caused by or associated with H. Pylori, the method comprising
orally administering to the subject an effective amount of a halogenated salicylanilide, or a
pharmaceutically acceptable salt or solvate thereof, concurrently with an effective amount

of a proton pump inhibitor.

[0046] The PPl may be any PPI, including any of the PPIs disclosed herein. It may be
that the proton pump inhibitor is a benzimidazole or azabenzimidazole derivative, for
example wherein the PPl is selected from: omeprazole, hydroxyomeprazole,
esomeprazole, lansoprazole, dexlansoprazole, pantoprazole, rabeprazole, tenatoprazole,

and leminoprazole, or a pharmaceutically acceptable salt, or solvate thereof.

[0047] It may be that the proton pump inhibitor is a benzimidazole derivative, for example
wherein the PPI is selected from omeprazole, hydroxyomeprazole, esomeprazole,

lansoprazole, dexlansoprazole, pantoprazole and rabeprazole, or a pharmaceutically
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acceptable salt, or solvate thereof. It may be that the proton pump inhibitor is selected
from: omeprazole and pantoprazole, or a pharmaceutically acceptable salt, or solvate
thereof. It may be that the proton pump inhibitor is omeprazole, or a pharmaceutically
acceptable salt, or solvate thereof. It may be that the proton pump inhibitor is

pantoprazole, or a pharmaceutically acceptable salt, or solvate thereof.

[0048] H. Pyloriinfection induces inflammation in the gastric mucosa leading to the
development of gastritis and other inflammatory driven conditions. Chronic use of PPI
therapy in subjects that are infected with H. Pylori is associated with the development of
corpus-predominant gastritis, which in turn accelerates the development of atrophic
gastritis (Schenk et al. Gut 2000;46:615-621). Subjects infected with H. Pylori that are
treated chronically with a PPI are therefore at an increased risk of developing atrophic
gastritis, a known precursor for gastric cancer ((Kuipers et al. N. Engl. J. Med. 1996;334;
and Cheung, Gut and Liver, 11(5), 2017, 575-576).

[0049] Treatment of a subject infected by H. Pylori concurrently with a halogenated
salicylanilide, or a pharmaceutically acceptable salt or solvate thereof, and a proton pump
inhibitor may prevent or reduce the risk of developing atrophic gastritis. Therefore, it may
be that the method is for preventing or treating H. Pylori induced atrophic gastritis in a
subject infected with H. Pylori that is being treated with a PPI, the method comprising
orally administering to the subject a halogenated salicylanilide, or a pharmaceutically
acceptable salt or solvate thereof. It may be that the method is for preventing or treating H.
Pylori induced atrophic gastritis in a subject infected with H. Pylori, the method comprising
orally administering to the subject a halogenated salicylanilide, or a pharmaceutically

acceptable salt or solvate thereof concurrently with a PPI.

[0050] It may be that the method is for treating or preventing H. Pylori induced gastritis
(e.g. corpus gastritis) in a subject infected with H. Pylori that is being treated with a PP,
the method comprising orally administering to the subject a halogenated salicylanilide, or a
pharmaceutically acceptable salt or solvate thereof. It may be that the method is for
treating or preventing H. Pylori induced gastritis (e.g. corpus gastritis) in a subject infected
with H. Pylori, the method comprising orally administering to the subject a halogenated
salicylanilide, or a pharmaceutically acceptable salt or solvate thereof concurrently with a
PPI.

[0051] It may be that the method is for the treatment or prevention of H. Pylori induced
loss of gastric mucosal glandular tissue (glandular atrophy) in a subject infected by H.
Pylori that is being treated with a PPI, the method comprising orally administering to the
subject a halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate

thereof. It may be that the method is for the treatment or prevention of H. Pylori induced
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loss of gastric mucosal glandular tissue (glandular atrophy) in a subject infected by H.
Pylori, the method comprising orally administering to the subject a halogenated
salicylanilide, or a pharmaceutically acceptable salt or solvate thereof concurrently with a
PPI.

[0052] It may be that treatment of a subject infected by H. Pylori concurrently with a
halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof, and a
proton pump inhibitor, may prevent or reduce the risk of developing gastric cancer.
Accordingly, it may be that the method is for preventing or reducing the risk of H. Pyilori
induced gastric cancer in a subject infected with H. Pylori, the method comprising orally
administering to the subject an affective amount of a halogenated salicylanilide, or a
pharmaceutically acceptable salt or solvate thereof concurrently with the administration of

an effective amount of a proton pump inhibitor.

[0053] Eradication of H. Pylori from a subject that is being treated with a PPl may
therefore be beneficial to treat or prevent atrophic gastritis and/or to treat, prevent, or
minimise the risk that the subject develops gastric cancer and/or to inhibit or prevent
progression of gastric cancer (e.g. to inhibit progression of early gastric cancer).
Accordingly, there is provided a method for eradicating H. Pylori from a subject that is
being treated with a PPI, the method comprising orally administering to the subject an
effective amount of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof. It may be that the subject has been treated chronically with the PPI prior to
administration of the halogenated salicylanilide, for example where the subject has been
treated with the PPI for more than 1 month, more than 3 months, more than 6 months,
more than 9 months or more than 1 year. However, in certain embodiments a subject
infected with H. Pylori is treated by oral administration of the halogenated salicylanilide to
eradicate the H. Pyilori infection prior to initiating chronic PPI therapy. Eliminating the H.
Pyilori infection prior to initiating PPI (especially chronic PPI) therapy is expected to reduce
or eliminate the risk that H. Pylori induced disease (e.g. atrophic gastritis or gastric cancer)
that would otherwise be accelerated by the chronic use of a PPI in a subject infected by H.

Pyilori.

[0054] Accordingly it may be that the method is for the eradication of a H. Pylori infection
in a subject that has not been previously treated with a PPI, the method comprising orally
administering an effective amount of a halogenated salicylanilide, or a pharmaceutically
acceptable salt or solvate thereof; and following eradication of the H. Pylori infection,

administering to the subject an effective amount of a proton pump inhibitor

[0055] It may be that the method is for the prevention or treatment of a disease or

infection caused by or associated with H. Pylori in a subject infected by H. Pylori, wherein
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the subject has not been previously treated with a PPI, the method comprising orally
administering to the subject an effective amount of a halogenated salicylanilide, or a
pharmaceutically acceptable salt or solvate thereof; and following eradication of the H.

Pylori infection, administering to the subject an effective amount of a proton pump inhibitor.

[0056] In the embodiments above relating to the concurrent use of the halogenated
salicylanilide and a PPI, it may be that the subject is not treated with any other antibiotic
agent other than the halogenated salicylanilide. For example the subject is not treated
with another antibiotic that is active against Gram negative bacteria. It may be that the
subject is not treated concurrently with another antibiotic that is active against H. Pylori.
For example, the subject is not concurrently treated with an antibiotic selected from:
clarithromycin, amoxicillin, tetracycline, doxycycline, a nitroimidazole (e.g. metronidazole),
fluoroquinolone, moxifloxacin, rifabutin, levofloxacin and ciprofloxacin. It may be that the
subject is not concurrently treated with an antibiotic selected from: clarithromycin,
amoxicillin and metronidazole. It may be that the subject is not concurrently treated with

clarithromycin.

[0057] The Examples herein illustrate at least a partial synergy against H. Pylori when
niclosamide and metronidazole are used concurrently. Accordingly, also provided is a
method for the prevention or treatment of a disease or infection caused by or associated
with H. Pylori in a subject that is being treated with a nitroimidazole antibiotic, the method
comprising orally administering to the subject an effective amount of a halogenated

salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

[0058] Also provided is a method for the prevention or treatment of a disease or infection
caused by or associated with H. Pylori in a subject infected with H. Pyilori, the method
comprising orally administering to the subject an effective amount of a halogenated
salicylanilide, or a pharmaceutically acceptable salt or solvate thereof, concurrently with an

effective amount of a nitroimidazole antibiotic.

[0059] Also provided is a method for eradicating a H. Pylori infection in a subject, the
method comprising orally administering to the subject an effective amount of a
halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof,

concurrently with an effective amount of a nitroimidazole antibiotic.

[0060] Also provided is a method for eradicating a H. Pylori infection in a subject with a
disease or infection caused by or associated with H. Pylori, the method comprising orally
administering to the subject an effective amount of a halogenated salicylanilide, or a
pharmaceutically acceptable salt or solvate thereof, concurrently with an effective amount

of a nitroimidazole antibiotic.



10

15

20

25

30

WO 2020/176067 PCT/US2019/019352

12

[0061] It may be that the nitroimidazole antibiotic is a 5-nitroimdazole antibiotic. It may be
that the nitroimidazole antibiotic is selected from the group consisting of: metronidazole,
tinidazole, nimorazole, dimetridazole, pretomanid, ornidazole, megazol, and azanidazole,
or a pharmaceutically acceptable salt thereof. It may be that the nitroimidazole antibiotic is

metronidazole, or a pharmaceutically acceptable salt thereof.

[0062] It may be that the subject is treated concurrently with the halogenated
salicylanilide, or a pharmaceutically acceptable salt or solvate thereof, the nitroimidazole
antibiotic (e.g. metronidazole) and a PPI. In other embodiments the subject is not treated

concurrently with a PPI.

[0063] It may be that the subject is not treated with any other antibiotic agents other than

the halogenated salicylanilide and the nitroimidazole antibiotic.

[0064] It may be that the disease or infection caused by or associated with H. Pylori in
any of the methods of treatment disclosed herein is selected from: dyspepsia (e.g.
functional dyspepsia), gastritis (e.g. chronic gastritis or atrophic gastritis), peptic ulcer
disease (for example gastric ulcer, or peptic ulcer), premalignant gastric lesions (e.g.
gastric epithelial dysplasia), gastric cancer (e.g. early gastric cancer) and gastric mucosa-

associated lymphoid tissue (MALT) lymphoma.

[0065] It may be that the H. Pylori infection is asymptomatic. For example, it may be that
the method comprises eradicating an asymptomatic H. Pylori infection in a subject infected
by H. Pylori, the method comprising orally administering to the subject an effective amount
of the halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.
For example it may be that the method comprises treating asymptomatic non-atrophic

gastritis in a subject infected with H. Pylori.

[0066] It may be that the disease or infection caused by or associated with H. Pylori is
gastritis, for example chronic gastritis. It may be that the disease or infection caused by or
associated with H. Pylori is corpus gastritis. It may be that the disease or infection caused

by or associated with H. Pylori is atrophic gastritis.

[0067] It may be that the disease or infection caused by or associated with H. Pylori is
peptic ulcer disease. It may be that the disease or infection caused by or associated with
H. Pylori is gastric ulcer. It may be that the disease or infection caused by or associated

with H. Pylori is peptic ulcer.

[0068] It may be that the disease or infection caused by or associated with H. Pylori is a

premalignant gastric lesion (e.g. gastric epithelial dysplasia).
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[0069] It may be that the disease or infection caused by or associated with H. Pylori is
gastric cancer. It may be that the disease or infection caused by or associated with H.

Pyilori is early gastric cancer.

[0070] In certain embodiments there is provided a method for the prevention of gastric
cancer in a subject infected with H. Pylori, the method comprising orally administering to
the subject an effective amount of a halogenated salicylanilide, or a pharmaceutically

acceptable salt or solvate thereof.

[0071] In certain embodiments there is provided a method for inhibiting the
carcinogenesis of a premalignant gastric epithelial lesion in a subject infected with H.
Pylori, the method comprising orally administering to the subject an effective amount of a

halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

[0072] In certain embodiments there is provided a method for treating a premalignant
gastric epithelial lesion in a subject infected with H. Pylori, the method comprising orally
administering to the subject an effective amount of a halogenated salicylanilide, or a

pharmaceutically acceptable salt or solvate thereof.

[0073] Also provided is a method for eradicating a H. Pylori infection in a subject at a
high risk of developing gastric cancer, wherein the subject is infected with H. Pyilori, the
method comprising administering to the subject an effective amount of a halogenated
salicylanilide, or a pharmaceutically acceptable salt or solvate thereof. Subjects at high risk
of developing gastric cancer include, for example, H. Pylori infected subjects with one or
more of: atrophic gastritis, premalignant gastric lesions (e.g. gastric dysplasia), previously

resected malignant gastric neoplasm and a family history of gastric cancer).

[0074] Also provided is a method for eradicating a H. Pylori infection in a subject,
wherein the subject has a gastric epithelial lesion, the method comprising administering to
the subject an effective amount of a halogenated salicylanilide, or a pharmaceutically
acceptable salt or solvate thereof. It may be that the gastric epithelial lesion is a
premalignant lesion, for example gastric epithelial dysplasia or gastric adenoma. It may be

that the gastric epithelial lesion is a malignant lesion (e.g. early gastric cancer).

[0075] It may be that the disease or infection caused by or associated with H. Pylori is an
extragastric disease selected from: iron-deficiency anaemia, idiopathic thrombocytopenic
purpura (ITP), vitamin B12 deficiency, insulin resistance, metabolic syndrome, diabetes
mellitus and non-alcoholic liver disease, acute coronary syndrome, cerebrovascular

disease and neurodegenerative disease (e.g. dementia or Alzheimer’s disease).
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[0076] It may be that the disease or infection caused by or associated with H. Pylori is an
extragastric disease selected from: iron-deficiency anaemia, idiopathic thrombocytopenic

purpura (ITP) and vitamin B12 deficiency.

[0077] In certain embodiments, in the methods described herein the subject is not
treated concurrently with an agent that increases the permeability of a bacterial cell

membrane, for example any of the permeability agents disclosed in WO 2017/200396.

[0078] In certain embodiments, in the methods described herein the subject is not
treated concurrently with an efflux pump inhibitor, for example any of the efflux inhibitors
disclosed in WO 2016/080846.

[0079] In certain embodiments, in the methods described herein the subject is not

treated concurrently with a bicarbonate.

[0080] The halogenated salicylanilide may be used in any of the methods disclosed
herein to treat a recurrent H. Pyilori infection, wherein the infection has recurred following
prior treatment of the subject with an antibiotic (or other agent) other than a halogenated
salicylanilide. Accordingly, it may be that the methods described herein are used as a
second or third-line treatment of a H. Pylori infection where an earlier therapy has either
failed to eradicated the infection and/or the H. Pylori infection has recurred. For example,
the halogenated salicylanilide may be used to treat a H. Pylori infection which has recurred
in a subject following prior treatment of the subject with one or more antibiotic selected
from: clarithromycin, amoxicillin, tetracycline, doxycycline, a nitroimidazole (e.g.

metronidazole), fluoroquinolone, rifabutin, levofloxacin and ciprofloxacin.

[0081] It may be that the halogenated salicylanilide is used in any of the methods
disclosed herein to treat a H. Pylori infection which is resistant to an antibiotic agent used
to treat the H. Pylori infection. Accordingly, there is provided a halogenated salicylanilide,
or a pharmaceutically acceptable salt thereof, for use in the treatment of a H. Pylori

infection which is resistant to an antibiotic agent other than the halogenated salicylanilide.

[0082] It may be that the H. Pylori is resistant to an antibiotic agent approved by the US
FDA or European Medicines Agency prior to 1 February 2019, preferably an antibiotic
approved for use in the treatment of a H. Pylori infection. It may be that the H. Pylori is
resistant to an antibiotic selected from: clarithromycin, amoxicillin, tetracycline,
doxycycline, a nitroimidazole (e.g. metronidazole), fluoroquinolone, rifabutin, levofloxacin
and ciprofloxacin. It may be that the H. Pylori is resistant to an antibiotic selected from:

clarithromycin and amoxicillin.

[0083] It may be that the subject is tested for an H. Pylori infection and when an infection

is detected, the subject is treated by orally administering the halogenated salicylanilide to
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eradicate the H. Pylori infection. The diagnosis of an H. Pylori infection in the subject may

be carried out using well known methods as described below in the Detailed Description.

[0084] Also contemplated is treating the subject without confirming the presence of an H.
Pylori infection prior to administration of the halogenated salicylanilide. For example,
where a subject presents with the symptoms of a gastric condition that is known to be
associated with H. Pylori infection, it may be appropriate to orally administer the
halogenated salicylanilide without first confirming the presence of the H. Pyilori infection.
This approach removes the cost associated with testing for the presence of an infection
and also reduces the time from the subject first presenting to a physician with symptoms
(or e.g. detecting gastric inflammation as part of an endoscopic investigation) and the
subject receiving treatment with the halogenated salicylanilide. This approach may be
particularly suitable where a physician considers that the gastric disease or condition is
highly likely to have been caused by or associated with H. Pylori and/or where it is
considered that the subject is likely to be infected. Accordingly, reference herein to
treating a subject that is infected with H. Pylori, or eradicating an infection in a subject,
herein encompasses both subjects where the infection or colonisation has been confirmed
prior to treatment with the halogenated salicylanilide as well as subjects where the H.
Pylori infection or colonisation has not been confirmed prior to treatment with the

halogenated salicylanilide.

[0085] Halogenated salicylanilides are also known as 2-hydroxy-N-phenylbenzamides or
2-hydroxybenzanilides. Salicylanilides are weakly acidic phenolic compounds.
Halogenated salicylanilides are salicylanilides substituted by at least one halo group. Any
halogenated salicylanilide possessing antibacterial activity against H. Pylori may be used
in the present invention. For example, the halogenated salicylanilide may be any of the
niclosamide analogues described in WO 2008/021088, which are incorporated herein by

reference thereto.

[0086] The halogenated salicylanilide may be a halogenated salicylanilide of the formula

(1):

(R%)p
(R X RS
N
H (R4,
/ OR®

(R

(1

wherein
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XisOorS;
R" and R? are at each occurrence independently selected from halo;

R® and R* are at each occurrence independently selected from H, C1.s alkyl, -OR”", -NO,
and -CN;

R5is H or-L'-R";
R®is H or -C(O)R”?;
L' is selected from a bond, O, S, or -(CR**RB).-, wherein o is 1 or 2;

R7 is phenyl, unsubstituted or substituted with 1, 2, or 3 groups selected from halo, C+.4
alkyl, -OR”* -NO; and —CN;

RAT, RA? R” and R* are at each occurrence independently selected from H and Ci.4 alkyl;
RB is at each occurrence selected from H, C1.4 alkyl and —CN;

n and p are each independently selected from 0, 1, 2, 3 or 4, with the proviso that n+p is at

least 1;
t and v are independently selected from O, 1 and 2;
or a pharmaceutically acceptable salt, or solvate thereof.

[0087] The halogenated salicylanilide may be selected from the group consisting of:
niclosamide, closantel, oxyclozanide, rafoxanide, or a pharmaceutically acceptable salt or

solvate thereof.

[0088] The halogenated salicylanilide may be selected from the group consisting of:

niclosamide and oxyclozanide, or a pharmaceutically acceptable salt or solvate thereof.

[0089] The halogenated salicylanilide may be niclosamide, or a pharmaceutically

acceptable salt or solvate thereof.
[0090] The halogenated salicylanilide may be niclosamide.
[0091] The halogenated salicylanilide may be oxyclozanide.

[0092] Suitably the halogenated salicylanilide or a pharmaceutically acceptable salt or

solvate thereof is administered to the subject orally.

[0093] Suitably the halogenated salicylanilide or a pharmaceutically acceptable salt or
solvate thereof is administered to the subject orally in the form of a pharmaceutical

composition comprising the halogenated salicylanilide or a pharmaceutically acceptable
salt or solvate thereof, and a pharmaceutically acceptable excipient (e.g. binders, fillers,

carriers and/or lubricants). Suitably the pharmaceutical composition releases the
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halogenated salicylanilide in the stomach. It may be that the pharmaceutical composition is
in the form of a tablet, granule, powder, solution, emulsion or suspension suitable for oral

administration to the subject.

[0094] It may be that the methods described herein are suitable for the treatment of
conditions associated with other Helicobacter species and/or for the eradication of
infections by other Helicobacter species of bacteria. Accordingly, also contemplated is any
of the methods described herein wherein the bacteria is any Helicobacter species,
including, but not limited to H. Pylori. For example, any of the methods disclosed herein
may be used for the treatment of an infection or disease caused by or associated with a
Helicobacter Spp. selected from H. Pylori, H. acinonychis, H. bizzozeronii, H. bilis, H.
canadensis, H. canis, H. cetorum, H. cinaedi, H. felis, , H. fennelliae, H. heilmannii, H.
hepaticus, H. macacae, H. mustelae, H. pametensis, H. pullorum, H. rodentium, H
salomonis, H. suis and H. winghamensis. For example, it may be a Helicobacter Spp.
selected from H. Pylori, H. acinonychis, H. bilis., H. bizzozeronii, H. cetorum, H. felis, H.
heilmannii H. mustelae, H. pametensis, H salomonis and H. suis. In certain embodiments
it may be that the Helicobacter Spp. is selected from H. Pylori, H. bilis., H. bizzozeronii, H.

felis, H. heilmannii, H. pametensis and H salomonis.

[0095] The subject is suitably a warm-blooded mammal. Preferably the subject is a
human. When the subject is human the methods described herein are preferably for the

treatment of an infection or disease caused by or associated with H. Py/ori.

[0096] It may be that the subject is a non-human animal. In certain embodiments the
subject a non-human animal and any of the methods described herein is for the treatment
of an infection or disease caused by or associated with a Helicobacter Spp. For example in
some embodiments there is provided a method for A method for eradicating a Helicobacter
Spp. infection in a subject, the method comprising orally administering to the subject an
effective amount of a halogenated salicylanilide, or a pharmaceutically acceptable salt or

solvate thereof.

[0097] It may be that the subject is a companion animal, for example a dog or a cat. In
certain embodiments the subject is a companion animal (e.g. a cat or a dog) and any of
the methods described herein is for the treatment of an infection or disease caused by or

associated with a Helicobacter Spp.

[0098] In certain embodiments the subject is a cat or a dog and any of the methods
described herein is for the treatment of an infection or disease caused by or associated
with a Helicobacter Spp. selected from H. Pylori, H. bilis., H. bizzozeronii, H. felis, H.

heilmannii, H. pametensis and H salomonis.
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[0099] In certain embodiments the subject is a dog and any of the methods described
herein is for the treatment of an infection or disease caused by or associated with a
Helicobacter Spp. selected from H. felis, H. bizzozeronii, H. salomonis, H. bilis, and H.

heilmannii.

[00100] In certain embodiments the subject is a cat and any of the methods described
herein is for the treatment of an infection or disease caused by or associated with a

Helicobacter Spp. selected from H. felis, H. pametensis, H. pylori and H. heilmannii.

[00101] A further aspect of the invention provides a halogenated salicylanilide, or a
pharmaceutically acceptable salt or solvate thereof, for use in any of the methods of
treatment described herein. For example, a halogenated salicylanilide, or a
pharmaceutically acceptable salt or solvate thereof, for use in a method for the prevention
or treatment of a disease or infection caused by or associated with H. Pylori in a subject
infected with H. Pylori, the method comprising orally administering to the subject an
effective amount of the halogenated salicylanilide, or a pharmaceutically acceptable salt or

solvate thereof.

[00102] A further aspect provides the use of a halogenated salicylanilide, or a
pharmaceutically acceptable salt or solvate thereof, for the manufacture of a medicament
for use in any of the methods of treatment described herein. For example, the use of a
halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof, for the
manufacture of a medicament for the prevention or treatment of a disease or infection
caused by or associated with H. Pylori in a subject infected with H. Pyilori, the method
comprising orally administering to the subject an effective amount of the halogenated

salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.
BRIEF DESCRIPTION OF THE DRAWINGS

[00103] Embodiments of the invention are further described hereinafter with reference to

the accompanying drawings, in which:
Figure 1 shows the Kkilling kinetics of niclosamide on H. Pylori at 4x MIC (1 ug/mL) in a

time to kill assay and was found to be bacteriostatic.

Figure 2 shows the effect of pH on the MIC of niclosamide, amoxicillin and clarithromycin.

The y-axis shows the fold change in MIC compared to the MIC at pH 7.0.

Figure 3 shows the mutation frequency of H. Pylori to niclosamide. H. Pylori were cultured
with the amoxicillin, clarithromycin or niclosamide for 30 days. The y-axis shows the fold

increase in MIC compared to the MIC at the start of the study.



10

15

20

25

30

35

WO 2020/176067 PCT/US2019/019352

19

Figure 4A shows the effect of niclosamide on the adhesion of H. Pylori to AGS (Gastric
adenocarcinoma cells) following incubation at 2 x MIC for 24 hours. Data was also
generated for a DMSO control and amoxicillin (concentration of 0.1 ug/mL). The y-axis

shows the logo CFU/mL vs time on the x-axis.

Figure 4B shows the effects of test compounds on AGS cells invaded by H. Pyloriin a

gentamicin protection assay. The y-axis shows the logio CFU/mL vs time on the x-axis.

Figure 4C shows the fold change of IL-8 secretion from MKN-28 cells co-cultured with H.
Pylori (MOI = 100) in the presence or absence of a test compound (niclosamide or
amoxicillin). The Y-axis shows the fold-change in IL-8 secretion compared to infected cells

without treatment with a test compound.

Figure 5(A)-(D) shows microscope slides illustrating the effect of niclosamide on
vacuolation of AGS cells infected with H. Pylori. A sub-MIC concentration of niclosamide
(0.2 pyg/mL) prevented vacuolation of the AGS cells. (A) AGS alone; (B) AGS treated with
niclosamide; (C) AGS cells infection with H. Pylori; (D) AGS cells cocultured with H. Pylori

and niclosamide.

Figure 5(E) shows that niclosamide down-regulated vacA gene (291 bp) expression at sub-
MIC (0.2 ug/mL), compared to expression of the housekeeping gene rpoB (301 bp) at
niclosamide concentrations of 150 ng/mL and 200 ng/mL compared to a DMSO control.

***p < 0.001, students t-test comparing DMSO control.

Figure 6 shows survival curves in the in-vivo Galleria mellonella model for the evaluation of
antimicrobial agents against H. Pylori infection. The y-axis shows the % survival and the x-
axis time. Survival curves are shown for niclosamide (25 mg/kg) and a comparator
clarithromycin (10 mg/kg). Also shown are control arms with no injection; a sham injection
of phosphate buffered saline only and no antibiotic treatment (“PBS”); and inoculation with
H. Pylori and a sham injection of DMSO (“DMSQO”). In Figure 6 the “no injection” group and
the “PBS” group datapoints overlay each other and remained at 100% throughout the test

Figure 7 shows the results of a motility assay carried out to show the effect of different
concentrations of niclosamide on the motility of H. Pylori bacteria. H. Pylori was cultured in
a soft (0.4%) agar layer in the presence or absence of niclosamide placed on top of a pre-
cast agar layer (1.5% agar). This figure illustrates the extent of the migration beyond the
boundary of the soft agar top layer across the lower pre-cast agar layer. The extent of
migration is illustrated by the spread of bacteria beyond the edge of the soft agar layer.
Niclosamide treatment impeded H. Pylori swarming movement in a dose-dependent
manner. In Figure 7 (A) was the DMSO (control); and (B—-E) niclosamide containing soft
agar. (B) 75 ng/mL; (C) 100 ng/mL; (D) 150 ng/mL; and (E) 200 ng/mL.
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Figure 8 shows scanning electron micrographs of H. Pylori that are untreated ((A) and (B)),
or treated with niclosamide at: 1x MIC ((C) and (D)); 4xMIC ((E) and (F)); 8xMIC ((G) and
(H)). Figure 8 also shows the effect of the control antibiotics amoxicillin ((1) and (J) at 10x
MIC) and carbonyl cyanide m-chlorophenylhydrazone (CCCP) ((k) and (I) at 10pM) on H.
Pyilori.

Figure 9 is a schematic of a suitable 12 week study that could be carried out to assess the

in vivo effects of a halogenated salicylanilide against H. pylori in a Mongolian gerbil animal

model. In Figure 9 V indicates H. pylori-infection; V indicates administration of culture

broth; | indicates administration of Niclosamide; U indicates administration of antibiotics:
clarithromycin (CAM), amoxicillin (AMPC), and/or a PPI (e.g. esomeprazole); “n” refers to

the number of animals used in each arm of the study.
DETAILED DESCRIPTION
Definitions

[00104] “Dysplasia” refers to a non-cancer abnormality of development or of growth and
differentiation of cells, for example in gastric epithelial cells. The cells often appear to be of

an abnormal size or shape and/or pigmentation.

[00105] “Hyperplasia” refers to a preneoplastic increase in the number of cells in a tissue
(increase cell proliferation), wherein the cells appear to be normal cells under an optical

microscope.

[00106] “Neoplasm” refers to an abnormal cell growth in a tissue or organ and can be

benign or malignant lesions.

[00107] “Proton pump inhibitor” “PPI” describe suppress gastric acid secretion by the
specific inhibition of the H+ K+ATPase enzyme system (proton pump) at, in or near the
secretory surface of the gastric parietal cells. Examples of proton pump inhibitors include
benzimidazole and azabenzimidazole derivatives, for example omeprazole,
hydroxyomeprazole, esomeprazole, lansoprazole, dexlansoprazole, pantoprazole,
rabeprazole, dontoprazole, habeprazole, perprazole, tenatoprazole, ransoprazole,
pariprazole, leminoprazole, or pharmaceutically acceptable salt, or solvate, or derivative
thereof. Particular examples of PPIs include a compound selected from: omeprazole,
esomeprazole, lansoprazole, dexlansoprazole, pantoprazole and rabeprazole, or

pharmaceutically acceptable salt, or solvate, or derivative thereof.

[00108] PPIs are acid-labile weak bases. PPIs are generally formulated to protect the
compound from degradation in gastric acid. Suitable formulations include enteric-coated or

delayed release compositions, gelatin capsules or coated granules. PPls may also be
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formulated with a basic compound such as a bicarbonate, to confer a temporary gastric pH
increase and protection for the PPI. Certain PPI’s, for example lansoprazole, pantoprazole,

and esomeprazole are available as intravenous formulations.

[00109] Reference to administration “concurrently” or “concurrent use” herein includes the
separate, simultaneous or sequential administration of the halogenated salicylanilide with
another therapy. The other therapy may be administered to the subject by the same or
different routes of administration to that of the halogenated salicylanilide. For example, the
other therapy may be administered to the subject orally, intravenously, subcutaneously, or
topically. The halogenated salicylanilide and the other therapy may be administered as a
combined preparation; however, generally they will be administered as separate dosage
forms to enable the dose and dosing regimen of each to be tailored accordingly.
Concurrent use includes the administration of the halogenated salicylanilide before
administration of the other therapy, administration of the halogenated salicylanilide
substantially simultaneously with the other therapy or administration of the halogenated
salicylanilide after administration of the other therapy. Where the halogenated salicylanilide
and the other therapy are administered separately, the time period between administration
of the two agents is such that the therapeutic benefit of the first agent is present when the
second agent is administered to the subject. The interval between administrations will
depend on the disease or medical condition being treated as well as the nature of the two
therapeutic agents . For example, the interval between administration of the two agents

may be 1 hour, 4 hours, 8 hours, 12 hours, 24 hours, 1 week, 2 weeks or 4 weeks.

[00110] Reference to a “halogenated salicylanilide, or a pharmaceutically acceptable salt
or solvate thereof” is intended to encompass the halogenated salicylanilide,
pharmaceutically acceptable salts of the halogenated salicylanilide, solvates (e.g.
hydrates) of the halogenated salicylanilide salts and solvates (e.g. hydrates) of the

halogenated salicylanilide.

[00111] References to “treating” or “treatment” include prophylaxis as well as the
alleviation of established symptoms of a disease or medical condition. Thus, “treatment” as
used herein includes therapeutic (curative) treatment, prophylactic (preventing) treatment
and palliative (alleviating) treatment of the indicated states, disorders or conditions.
“Treating” or “treatment” of a state, disorder or condition therefore includes: (1) preventing
or delaying the appearance of clinical symptoms of the state, disorder or condition
developing in a subject, for example a human, that may be afflicted with or predisposed to
the state, disorder or condition but does not yet experience or display clinical or subclinical
symptoms of the state, disorder or condition, (2) inhibiting the state, disorder or condition,

i.e., arresting, reducing or delaying the development of the disease or a relapse thereof (in
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case of maintenance treatment) or at least one clinical or subclinical symptom thereof, or
(3) relieving or attenuating the disease, i.e., causing regression of the state, disorder or
condition or at least one of its clinical or subclinical symptoms. Accordingly, in the context

of treating infections caused by H. Pylori bacteria includes:
0] the prevention of a disease caused by H. Pylori;
(i)  the suppression of a disease caused by H. Pylori,
(i)  the relief of symptoms of a disease caused by H. Pylori,
(iv) inhibiting or preventing progression of a disease caused by H. Pylori.
(v) the eradication of an asymptomatic H. Pylori infection;
(vi) the eradication of a symptomatic H. Pylori infection;
(vii) clearance of a H. Pylori infection;
(viii) suppressing or reducing growth of a H. Pylori bacteria in a subject;

(ix) preventing or reducing the risk of recurrence of an H. Pylori infection in a

subject.

[00112] Reference to “eradicating or eradication of a H. Pylori infection” is intended to
encompass “treatment” of an infection as defined above. However, in preferred
embodiments, reference to “eradicate” or “eradication” refers to the complete elimination of
all or substantially all of the H. Pylori from the subject. Suitably the methods described
herein act to remove substantially all viable H. Pylori from the subject, thereby preventing
or minimising the risk of recurrence of the H. Pylori infection. Subjects can be tested
following treatment to confirm if the H. Pylori infection has been eradicated. Suitably a
subject is tested for the presence of H. Pylori at least 28 days, but preferably no more than
56 days after the last dose of the halogenated salicylanilide. The presence of H. Pylori
may be determined using known diagnostic methods, for example by taking endoscopic
biopsies and culturing/ histology, or more preferably, using a non-invasive method such as

the urea breath test, serology or stool antigen test.

[00113] Reference to “infection” is intended to also encompass colonization of the subject
with Helicobacter. Accordingly “infection” as used herein encompasses both non-
symptomatic/pathogenic colonisation by bacteria as well as symptomatic infections unless

stated otherwise.

[00114] As used herein, a “therapeutically effective amount” or “effective amount” means
the amount of a compound that, when administered to a subject, for example a human, for

treating a disease, is sufficient to effect such treatment for the disease. The
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"therapeutically effective amount" will vary depending on the particular halogenated
salicylanilide, the disease and its severity and the age, weight, etc., of the subject to be

treated.

[00115] “Minimum inhibitory concentration” (MIC) is the lowest concentration of an
antibacterial agent that inhibits the visible growth of a microorganism after overnight

incubation.

[00116] “Minimum bactericidal concentration” (MBC) is the lowest concentration of an

antibacterial agent required to kill a particular bacterium.
[00117] “Bactericidal’ refers to compounds that act to kill the bacteria.

[00118] Reference to a compound being “bacteriostatic’ means that the compound is
effective preventing or slowing the growth of a bacteria (i.e. maintains the bacteria in a
stationary phase of growth), but does not necessarily kill the bacteria. Generally when an
agent is bacteriostatic, if the treatment is stopped whilst the bacteria are still viable in the
host the bacteria will start to grow again. Generally the duration of bacteriostatic treatment
should be sufficiently long to provide the host defence mechanisms sufficient time to
eradicate the bacteria causing the infection. The bacteriostatic or bactericidal effects of a
compound on a bacteria may be determined using well-known in-vitro methods, for
example the time to Kill assay described in the Examples herein and Rajamuthiah. et al.
(Repurposing salicylanilide anthelmintic drugs to combat drug resistant Staphylococcus
aureus. PLoS One 10, 2015).

[00119] References to “synergy” of the halogenated salicylanilide with other therapeutic
agents described herein refer to an activity which is greater than the sum of the individual
agents used alone. The degree of antimicrobial synergy may be assessed by calculating
the fractional inhibitory concentration index (FICI) using the checkerboard assay described

in the Examples herein. For two agents A and B, the FICI is calculated as:
FICI = MICA+B in combination/ (MlC Aalone T MlC B alone)

Synergy occurs when the FICI is < 0.5; partial synergy for 0.5 < FICI < 1.0; no interaction
1.0 > FICI; and antagonism FICI > 4.0.

[00120] “Colony-forming unit (CFU)” is an estimate of the number of viable bacteria or
fungal cells in a sample. Viable is defined as the ability to multiply via binary fission under

the controlled conditions.

[00121] The term “halo” or “halogen” refers to one of the halogens, group 17 of the

periodic table. In particular, the term refers to fluorine, chlorine, bromine and iodine.

[00122] The term “C-C,” refers to a group with m to n carbon atoms.
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[00123] The term “C+-Cs alkyl” refers to a linear or branched hydrocarbon chain containing
1, 2, 3, 4, 5 or 6 carbon atoms, for example methyl, ethyl, n-propyl, iso-propyl, n-butyl, sec-
butyl, ter-butyl, n-pentyl and n-hexyl. “C1-Cs alkyl” similarly refers to such groups

containing up to 4 carbon atoms.

[00124] Where a moiety is substituted, it may be substituted at any point on the moiety
where chemically possible and consistent with atomic valency requirements. The moiety
may be substituted by one or more substituents, e.g. 1, 2, 3 or 4 substituents; optionally
there are 1 or 2 substituents on a group. Where there are two or more substituents, the

substituents may be the same or different.

[00125] Substituents are only present at positions where they are chemically possible, the
person skilled in the art being able to decide (either experimentally or theoretically) without

undue effort which substitutions are chemically possible and which are not.

[00126] Throughout the description and claims of this specification, the words “comprise”
and “contain” and variations of them mean “including but not limited to”, and they are not
intended to (and do not) exclude other moieties, additives, components, integers or steps.
Throughout the description and claims of this specification, the singular encompasses the
plural unless the context otherwise requires. In particular, where the indefinite article is
used, the specification is to be understood as contemplating plurality as well as singularity,

unless the context requires otherwise.

[00127] Features, integers, characteristics, compounds, chemical moieties or groups
described in conjunction with a particular aspect, embodiment or example of the invention
are to be understood to be applicable to any other aspect, embodiment or example
described herein unless incompatible therewith. All of the features disclosed in this
specification (including any accompanying claims, abstract and drawings), and/or all of the
steps of any method or process so disclosed, may be combined in any combination,
except combinations where at least some of such features and/or steps are mutually
exclusive. The invention is not restricted to the details of any foregoing embodiments. The
invention extends to any novel one, or any novel combination, of the features disclosed in
this specification (including any accompanying claims, abstract and drawings), or to any

novel one, or any novel combination, of the steps of any method or process so disclosed.

[00128] The reader's attention is directed to all papers and documents which are filed
concurrently with or previous to this specification in connection with this application and
which are open to public inspection with this specification, and the contents of all such

papers and documents are incorporated herein by reference.
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[00129] The invention contemplates pharmaceutically acceptable salts of the halogenated
salicylanilide compounds of the invention. These may include the acid addition and base
salts of the compounds. These may be acid addition and base salts of the compounds.
Suitable acid addition salts are formed from acids which form non-toxic salts. Suitable

base salts are formed from bases which form non-toxic salts.

[00130] Pharmaceutically acceptable salts of the halogenated salicylanilide compounds

may be prepared by for example, one or more of the following methods:

() by reacting the compound of the invention with the desired acid or base; or

(i) by converting one salt of the compound of the invention to another by reaction with
an appropriate acid or base or by means of a suitable ion exchange column.

[00131] These methods are typically carried out in solution. The resulting salt may
precipitate out and be collected by filtration or may be recovered by evaporation of the
solvent. The degree of ionisation in the resulting salt may vary from completely ionised to

almost non-ionised.

[00132] Itis also to be understood that certain compounds of the invention, or salts or
solvates thereof, may exist in solvated as well as unsolvated forms such as, for example,
hydrated forms. It is to be understood that the invention encompasses all such solvated

forms that possess activity against H. Pylori bacteria.

[00133] It is also to be understood that the halogenated salicylanilides of the invention
may exhibit polymorphism, and that the invention encompasses all such forms that

possess activity against H. Pylori bacteria.

[00134] It is further to be understood that the halogenated salicylanilide may be used in
the form of suitable pharmaceutically-acceptable pro-drug of the compound and that such
prodrugs are intended to be encompassed by the invention. Accordingly, the halogenated
salicylanilide may be administered in the form of a pro-drug, that is a compound that is
broken down in the human or animal body to release a compound of the invention. A pro-
drug may be used to alter the physical properties and/or the pharmacokinetic properties of
a compound of the invention. A pro-drug can be formed when the compound of the
invention contains a suitable group or substituent to which a property-modifying group can
be attached. Examples of pro-drugs include in vivo cleavable solvate derivatives that may

be formed at a hydroxy group in a compound.

[00135] Accordingly, the present invention includes the halogenated salicylanilides as
defined hereinbefore when made available by organic synthesis and when made available
within the human or animal body by way of cleavage of a pro-drug thereof. Accordingly,

the present invention includes those halogenated salicylanilide compounds that are



10

15

20

25

30

WO 2020/176067 PCT/US2019/019352

26

produced by organic synthetic means and also such compounds that are produced in the
human or animal body by way of metabolism of a precursor compound, that is the
halogenated salicylanilide may be a synthetically-produced compound or a metabolically-

produced compound.

[00136] A suitable pharmaceutically-acceptable pro-drug of a halogenated salicylanilide
compound is one that is based on reasonable medical judgement as being suitable for
administration to the human or animal body without undesirable pharmacological activities

and without undue toxicity.

[00137] Various forms of pro-drug have been described, for example in the following

documents:-

a) Methods in Enzymology, Vol. 42, p. 309-396, edited by K. Widder, et al.
(Academic Press, 1985);

b) Design of Pro-drugs, edited by H. Bundgaard, (Elsevier, 1985);

C) A Textbook of Drug Design and Development, edited by Krogsgaard-Larsen
and H. Bundgaard, Chapter 5 “Design and Application of Pro-drugs”, by H.
Bundgaard p. 113-191 (1991);

d) H. Bundgaard, Advanced Drug Delivery Reviews, 8, 1-38 (1992);

e) H. Bundgaard, et al., Journal of Pharmaceutical Sciences, 77, 285 (1988);

f) N. Kakeya, et al., Chem. Pharm. Bull., 32, 692 (1984);

g) T. Higuchi and V. Stella, “Pro-Drugs as Novel Delivery Systems”, A.C.S.

Symposium Series, Volume 14; and

h)  E. Roche (editor), “Bioreversible Carriers in Drug Design”, Pergamon Press,
1987.

Adhesion of H. Pylori to gastric epithelial cells

[00138] Adhesion of H. Pylori to gastric epithelial cells plays an important role in the initial
stages of H. Pylori infection of gastric epithelial cells and is implicated in the pathogenesis
of H. Pylori (Odenbreit. International journal of medical microbiology 295, 317-324 (2005)).
A high proportion of the population are colonized by H. Pylori, however, not all subjects will
develop symptomatic pathological conditions such as gastritis, peptic ulcer disease or
gastric cancer. The majority of H. Pylori bacteria colonize the gastric mucosa, however, a
proportion of the bacteria adhere to the surface of gastric mucosal epithelial cells (Hessey
et al. Gut 1990;31:134-138). Adhesion of H. Pylori to epithelial cells results in damage to

the epithelium, induces inflammation and enables the bacteria to deliver toxins to the
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gastric epithelial cells such as VacA and CagA (Amieva et al. Gastroenterology
2008;134:306 —323 and Enroth, International Encyclopedia of Public Health, 2nd edition,
Volume 3, 527-531). CagA induces a Snail-mediated EMT (epithelial-mesenchymal
transition), which is a hallmark of gastric cancer (Lee et al. Nature Communications, July
2014, 5:4423 | DOI: 10.1038/ncomms5423). The increased inflammation associated with
bacterial adhesion to the gastric epithelium can lead to the development of for example
gastritis, peptic ulcer disease and atrophic gastritis (a precursor to gastric cancer) (Guruge
et al. Proc. Natl. Acad. Sci. USA 95 (1998) 3925-3929). Adhesion of H. Pylori to gastric
epithelial cells has been shown to increase the severity of H. Pylori induced gastritis and
associated pathogenesis, including the development of gastric cancer. These effects are
thought to be mediated by the CagA toxin expressed by the bacteria bound to the gastric
epithelial cells (McGuckin et al. Gastroenterology 2007;133:1210-1218; Guruge et al.
Proc. Natl. Acad. Sci. U S A 1998;95:3925-3930; and Censini et al. Proc. Nat. Acad. Sci.
USA 1996;93:14648-14653).

[00139] Accordingly, prevention or inhibition of adhesion of H. Pylori to epithelial cells
and/or removal of bacteria adhered to the cells may prevent or reduce the risk of
pathogenesis associated with H. Pylori. The Examples herein show that niclosamide is
effective in the removal of H. Pylori adhered to the gastric epithelial cells and may
therefore be effective in preventing pathological effects associated with H. Pylori infections.
A therapy which is effective in removing bacteria adhered to gastric epithelial cells, or
which prevents adherence of bacteria to such cells, may be effective to prevent or inhibit
pathogenesis, without the need to completely eradicate H. Pylori from the gastric mucosa.
Inhibition of adhesion of the H. Pylori and/or removal of bacteria adhered to gastric
epithelial cells may also enhance the effectiveness of the halogenated salicylanilide

eradicating the H. Pylori thereby reducing the risk of recurrence of the infection.

[00140] Accordingly, also provided is a method for inhibiting the adhesion of H. Pylori to
gastric epithelial cells in a subject infected by H. Pylori, the method comprising orally
administering to the subject an effective amount of a halogenated salicylanilide, or a

pharmaceutically acceptable salt or solvate thereof.

[00141] Also provided is a method for reducing or eliminating H. Pylori adhered to gastric
epithelial cells in a subject, the method comprising orally administering to the subject an
effective amount of a halogenated salicylanilide, or a pharmaceutically acceptable salt or

solvate thereof.

[00142] Also provided is a method for treating, preventing, or reducing the risk of
developing, a pathological condition associated with H. Pylori in a subject infected with H.

Pylori (e.g. gastric ulcer, duodenal ulcer, gastritis, atrophic gastritis or gastric cancer), the
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method comprising administering to the subject an effective amount of a halogenated
salicylanilide, or a pharmaceutically acceptable salt or solvate thereof, wherein the method
inhibits or prevents adhesion of H. Pylori to gastric epithelial cells in the subject. It may be
that the method prevents or reduces CagA induced EMT. It may be that the method
prevents or reduces the risk of developing gastric cancer in the subject, wherein the

method prevents or inhibits adhesion of H. Pylori to gastric epithelial cells in the subject.

Invasion of gastric epithelial cells by H. Pylori

[00143] H. Pylori is able to invade gastric epithelial cells and reside in those cells (Dubois
et al Cell. Microbiol. 2007;9:1108-1116). This can make the eradication of H. Pylori
infections difficult using conventional antibiotic treatments, because these may not be
effective against those bacteria that have invaded into gastric epithelial cells (Deen et al.
Autophagy. 2013 May; 9(5):639-5). Failure to eradicate intracellular H. Pylori may increase
the risk of the infection recurring and/or progression of H. Pylori induced pathological
conditions resulting from the invasion. Cellular invasion by H. Pylori and intracellular
expression of virulence genes such as vacA and cagA by H pylori may be involved in

gastric carcinogenesis (Dubois et al, supra).

[00144] The Examples herein illustrate that niclosamide eradicates intracellular H. Pyilori
from gastric epithelial cells and is therefore expected to provide an effective therapy for the
eradication of H. Pylori infections. Accordingly, also provided is a method for eradicating a
H. Pylori infection in a subject, the method comprising orally administering to the subject
an effective amount of a halogenated salicylanilide, or a pharmaceutically acceptable salt
or solvate thereof, wherein the treatment reduces or eliminates intracellular H. Pylori from

gastric epithelial cells.

[00145] Also provided is also provided is a method for treating or preventing a disease or
infection caused by or associated with H. Pylori in a subject infected with H. Pylori, the
method comprising orally administering to the subject an effective amount of a
halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof,
wherein the treatment reduces or eliminates intracellular H. Pylori from gastric epithelial

cells

[00146] Also provided is a method for preventing or reducing the invasion of H. Pylori into
gastric epithelial cells in a subject infected by H. Pylori, the method comprising orally
administering to the subject an effective amount of a halogenated salicylanilide, or a

pharmaceutically acceptable salt or solvate thereof.

[00147] It may be that inhibiting invasion of H. Pylori into gastric epithelial cells and/or

eradicating H. Pylori that have invaded gastric epithelial cells prevents or reduces the risk
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of the subject developing a pathological condition caused by or associated with the H.

Pyilori infection, for example a peptic ulcer or gastric cancer.

Inhibition of 1L-8

[00148] H. Pylori infection induces IL-8 secretion which, in turn, initiates neutrophil
chemotaxis and activation, ultimately causing mucosal damage (Yamaoka et al. Gut 41,
442-451 (1997)). IL-8 secretion is an important factor in the immunopathogenesis of
conditions associated with H. Pylori infections, for example peptic ulcer disease and
gastric carcinogenesis. The Examples herein show that niclosamide is effective in reducing

IL-8 secretion from H. Pylori infected gastric mucosal cells.

[00149] Accordingly, also provided is a method for inhibiting H. Pylori induced IL-8
secretion in a subject infected by H. Pylori, the method comprising administering to the
subject an effective amount of a halogenated salicylanilide, or a pharmaceutically

acceptable salt or solvate thereof.

[00150] Also provided is a method for treating or preventing a disease or infection caused
by or associated with H. Pylori in a subject infected by H. Pylori, the method comprising
orally administering to the subject an effective amount of a halogenated salicylanilide, or a
pharmaceutically acceptable salt or solvate thereof, wherein the method inhibits and/or

reduces H. Pyloriinduced |IL-8 secretion in the subject.

[00151] Also provided is a method for treating of preventing atrophic gastritis in a subject
infected by H. Pylori, the method comprising orally administering to the subject an
effective amount of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof. Suitably the method inhibits and/or reduces H. Pylori induced IL-8

secretion in the subject.

Vacuolation

[00152] H. Pylori bacteria secrete the toxin VacA. This toxin binds to gastric epithelial cells
and is internalised resulting in vacuolation (Galmiche et al. Gut microbes 1, 392-395
(2010)). The vacuolation enhances the invasion of the H. Pylori and provides an
intracellular niche where the bacteria can reside and mediates long-term survival of the
bacteria. H. Pylori strains which express the VacA s1 or m1 are associated with an
increased risk of gastric cancer (Matos et al. Eur J Gastroenterol Hepatol.
2013;25(12):1431-1441). Preventing or inhibiting H pylori mediated vacuolation of gastric

epithelial cells may therefore be beneficial.

[00153] The Examples herein show that niclosamide down-regulated expression of VacA
and prevented or inhibited vacuolation of gastric epithelium cells. Interestingly, these

effects were observed even at sub MIC concentrations. Accordingly, it may be possible to
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treat a subject infected with H. Pylori a low dose (i.e. sub MIC) to prevent or inhibit
vacuolation and/or to reduce the pathogenicity of the H. Pylori infection in the subject. It
may be that the method comprises contacting the H. Pylori bacteria with a halogenated
salicylanilide, or a pharmaceutically acceptable salt or solvate thereof (e.g. niclosamide) at
a concentration which is below the MIC of halogenated salicylanilide. Use of a low-dose of
the halogenated salicylanilide may be sufficient to inhibit H py/ori mediated vacuolation
without necessarily killing or eradicating the H. Pylori bacteria present in the subject. Itis
also contemplated that higher doses of the halogenated salicylanilide are used to both

inhibit vacuolation and to eradicate the H. Pylori infection in the subject.

[00154] Accordingly there is provided a method for treating or preventing a disease or
infection caused by or associated with H. Pylori in a subject infected by H. Pylori, the
method comprising orally administering to the subject an effective amount of a
halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof,

wherein the method inhibits H pylori mediated vacuolation of gastric epithelial cells.

H. Pylori Motility

[00155] Helicobacter pylori is a flagellated bacteria. The flagella play an important role in
the colonisation of the gastrointestinal mucosa and the persistence of the infection (Gu.
Chin. J. Lab. Med. 2008;31:733—736; and Ottemann et al. Infect Immun. 2002 Apr;
70(4):1984-90). The Examples herein show that niclosamide inhibits H. Pylori motility,
even at sub-MIC concentrations. Accordingly, the methods disclosed herein may prevent
or inhibit H. Pylori colonisation and the subsequent development of pathogenic conditions

such as peptic ulcer disease or gastric cancer.

Virulent Strains of H. Pylori

[00156] It may be that the H. Pylori is a strain that expresses the CagA virulence factor.
The expression of CagA is associated with the pathogenicity of the H. Pylori and infection
with such strains may be associated with a higher prevalence of, for example gastric
cancer or peptic ulcer. CagA is a known oncoprotein which alters intracellular signal
transduction pathways facilitating malignant transformation of gastric epithelial cells
(Backert et al. Cancer Res. 2016 Jul 15; 76(14):4028-31).

[00157] It may be that the method of treatments disclosed herein are directed to the
treatment of subjects infected by H. Pylori strains which express high levels of CagA. For
example, a method of treating or preventing gastric cancer in a subject infected with H.
Pylori expressing CagA, the method comprising administering to the subject an effective
amount of a halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate

thereof.
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[00158] H. Pylori expressing VacA s1 or m1 is associated with an increased risk of gastric
cancer (Matos et al. supra). H. Pylori strains which are simultaneously CagA and VacA
s1/m1 genopositive are associated with a risk of gastric premalignant lesions from
progressing to gastric cancer. Thus it may be that the treatments disclosed herein are
used to treat subjects infected with H. Pylori that expresses VacA s1and/or VacA m1
and/or CagA. It may be that the H. Pylori expresses VacAs1/m1 and CagA, particularly in

the treatment of premalignant lesions to prevent oncogenesis of the lesion.

[001569] The expression of CagA and VacA by H. Pylori may be determined using known
methods, for example VacA expression may be determined using gene expression assays

as described in the Examples.
Disease or infections caused by or associated with H. Pylori

[00160] H. Pylori infections cause or are associated with numerous diseases and medical
conditions. For example, a disease or medical condition selected from: dyspepsia,
gastritis, peptic ulcer disease, gastric cancer and gastric mucosa-associated lymphoid
tissue (MALT) lymphoma. Treatment of a subject infected with H. Pylori by oral
administration of the halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof as described herein is expected to be beneficial in the treatment or
prevention of such conditions. It may be that the method of treatment eradicates the H.
Pylori from the subject. It may be that the method of treatment prevents the condition, for
example by providing a prophylactic effect or by reducing the risk of developing a disease
or condition associated with the H. Pylori infection. It may be that the method of treatment
inhibits or reduces the risk of disease progression prevents the condition It may be that the
method of treatment treats the condition, for example by alleviating one or more symptoms
associated with the disease or reducing the clinical effects of the disease or curing the

disease.

Non-symptomatic eradication of H. Pylori

[00161] The methods of treatment described herein may be for the treatment of an
asymptomatic H. Pylori infection in a subject. The eradication of an H. Pylori infection in a
subiject prior to the emergence of symptoms minimises the pathogenicity of the bacteria
and may be beneficial in preventing or reducing the risk of a pathogenic disease emerging.
In particular, treatment of an asymptomatic H. Pylori infection in a subject may be

beneficial in preventing or reducing the risk of the subject developing gastric cancer.

[00162] Accordingly in some embodiments there is provided a method for the eradication
of an asymptomatic H Pylori infection in a subject infected by H. Pylori, the method

comprising orally administering to the subject an effective amount of a halogenated
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salicylanilide, or a pharmaceutically acceptable salt or solvate thereof. In this embodiment
the treatment of an asymptomatic subject to eradicate the H. Pylori infection may inhibit or
prevent atrophic gastritis, a known risk factor for gastric cancer. For example, early
intervention to treat non-atrophic gastritis in a subject infected with H. Pylori may prevent

or reduce the risk of the non-atrophic gastritis from progressing to atrophic gastritis.

[00163] Accordingly, in certain embodiments there is provided a method for the treatment
of non-atrophic gastritis in a subject infected with H pylori, the method comprising orally
administering to the subject an effective amount of a halogenated salicylanilide, or a
pharmaceutically acceptable salt or solvate thereof. In certain embodiments there is
provided a method for eradicating a H. Pylori infection in a subject that has non-atrophic
gastritis, the method comprising orally administering to the subject an effective amount of a
halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof. It may

be in these embodiments that the non-atrophic gastritis is asymptomatic.

Dyspepsia

[00164] In certain embodiments the method is for the treatment of functional dyspepsia in
the subject. It may be that the method is for the eradication of H. Pylori in a subject with

functional dyspepsia.

[00165] “Functional dyspepsia” refers to chronic dyspepsia where there is no evidence of
gastric lesions and is also known as non-ulcer dyspepsia, pseudo-ulcer syndrome, pyloro-
duodenal irritability, nervous dyspepsia. Functional dyspepsia includes postprandial
distress syndrome (PDS) and epigastric pain syndrome (EPS). Symptoms of functional
dyspepsia include chronic and repetitive postprandial fullness, early satiation, epigastric

pain, and epigastric burning.

[00166] It may be that the method of treatment prevents or inhibits the progression of
functional dyspepsia to more serious H. Pylori induced conditions such as chronic gastritis,

atrophic gastritis, peptic ulcer disease or gastric cancer.
Gastritis

[00167] Gastritis refers to gastric inflammation, often accompanying structural mucosal
changes (e.g. mucosal atrophy and/or epithelial metaplasia). A primary cause of gastritis is
H. Pylori infection. Gastritis, particularly chronic gastritis is associated with peptic ulcer
disease and gastric cancer. H. Pylori infection may lead to one or more conditions selected
from: atrophic gastritis, intestinal metaplasia, gastric hyperplasia, gastric dysplasia, peptic
ulcer disease, gastric adenocarcinoma as well as gastric Mucosa-Associated-Lymphoid-
Tissue (MALT) lymphoma (Kuipers Basic Clin Pharmacol. Toxicol. 2006 Sep; 99(3):187-
94).
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[00168] Accordingly, in certain embodiments the method of treatment is for the treatment
or prevention of gastritis in a subject infected with H. Pylori. In certain embodiments the

method of treatment is for the eradication of an H pylori infection in a subject with gastritis.

[00169] The method is expected to be beneficial in the treatment of gastritis induced by or
associated with H. Pylori (i.e. H. Pylori gastritis). The gastritis may be chronic active
gastritis, chronic persistent gastritis, atrophic gastritis, acute haemorrhagic gastritis,
chronic superficial gastritis, or endoscopic gastritis. Endoscopic gastritis includes signs of
gastritis identified using endoscopy. Typical endoscopic findings of acute H. Pylori infection
include haemorrhagic spots on the fundus and/or high-body, nodular gastritis, and
hypertrophic gastric rugae. Gastritis may also be diagnosed using well-known histological

assessment of biopsy samples.

[00170] The gastritis may be pan-gastritis affecting substantially the whole of the stomach.
In some embodiments the gastritis affects only a part of the stomach, for example it may
be that the gastritis is antrum gastritis or corpus gastritis. In some embodiments the

gastritis is corpus gastritis.

Peptic Ulcer Disease

[00171] Itis well-known that H. Pylori infection is associated with the development of
peptic ulcer disease (including gastric and duodenal ulcers). H. Pylori infection is also
implicated in bleeding of peptic ulcers (Shimada et al. Nihon Rinsho 2007 Oct;
65(10):1824-9).

[00172] In certain embodiments the method of treatment is for the treatment or prevention
of peptic ulcer disease in a subject infected with H. Pylori. In certain embodiments the
method is for the eradication of an H pylori infection in a subject with peptic ulcer disease.
It may be that the peptic ulcer disease is gastric ulcer. It may be that the peptic ulcer
disease is duodenal ulcer. It may be that the method is for the treatment or prevention of
bleeding in peptic ulcer disease (for example to treat or prevent bleeding of a gastric ulcer,

or to treat or prevent bleeding of a duodenal ulcer).

[00173] The chronic use of non-steroidal anti-inflammatory drugs (NSAIDs) is associated
with gastric toxicity, particularly peptic ulcer disease, corpus gastritis and gastric atrophy.
The undesirable side-effects of NSAIDs are amplified in subjects infected with H. Pylori.
(Maastricht IV/Florence Consensus Report, Gut 2012: 61, 646-664). Accordingly,
treatment of subjects with an orally administered halogenated salicylanilide using the
methods of treatment described herein to eradicate an H. Pyilori infection is expected to be
beneficial in the treatment or prevention of peptic ulcer disease in subjects that are treated
with an NSAID.
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[00174] In certain embodiments the method of treatment is for the prevention or treatment
of peptic ulcer disease (e.g. gastric or duodenal ulcers) in a subject infected with H. Pylori,
and wherein the subject is receiving NSAID therapy, the method comprising orally
administering to the subject an effective amount of a halogenated salicylanilide, or a

pharmaceutically acceptable salt or solvate thereof.

[00175] In certain embodiments the method of treatment is for the eradication of a H.
Pylori infection in a subject that is being treated with an NSAID, the method comprising
orally administering to the subject a halogenated salicylanilide, or a pharmaceutically
acceptable salt or solvate thereof. Eradication of the H. Pylori is expected to prevent or

reduce the risk of the subject developing peptic ulcer disease.

[00176] Suitably in these embodiments the subject is receiving chronic NSAID therapy.
For example the subject is treated with the NSAID for more than 1 week, 2 weeks, 3

weeks, 4 weeks, 3 months, 6 months or more than 1 year.

[00177] In certain embodiments it may be beneficial to eradicate the H. Pyloriin the
subject by oral administration of the halogenated salicylanilide before initiating NSAID
therapy (particularly chronic NSAID therapy). It may be that eradication of the H. Pylori
infection prior to initiating NSAID therapy may prevent or reduce the risk of NSAID induced
bleeding of gastric or duodenal ulcers. It is also contemplated that eradication of the H.

Pylori infection could take place concurrently with the NSAID therapy.

[00178] Subjects that have a history of peptic ulcer disease are at particular risk of
recurrence of the peptic ulcer disease when chronically treated with an NSAID therapy
(Maastricht |V, supra). Eradication of H. Pylori infection in a subject with a history of peptic
ulcer disease may therefore be beneficial. Accordingly in certain embodiments there is
provided a method of eradicating a H. Pylori infection in a subject that has had previous
peptic ulcer disease, the method comprising orally administering to the subject an effective
amount of a halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof. The method may further comprise treating the subject with an NSAID therapy

(suitably as a chronic therapy) after the H. Pyilori infection has been eradicated.

[00179] Also contemplated is testing a subject that is being treated with chronic NSAID
therapy for the presence of an H. Pyilori infection and when an infection is identified orally
administering to the subject an effective amount of a halogenated salicylanilide, or a
pharmaceutically acceptable salt or solvate thereof to eradicate the H. Pyilori infection.
Suitable methods for testing for and diagnosing an H. Pylori infection are well known,

including the methods described herein.
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[00180] In the embodiments above relating to NSAID therapy, the subject may be treated
concurrently with a PPI (e.g. a PPI as described herein, such as omeprazole or
pantoprazole) and the NSAID. In certain embodiments the subject is treated by oral
administration of the halogenated salicylanilide to eradicate a H. Pylori infection before

commencing combined PPl and NSAID therapy.

[00181] NSAID inhibition of COX-1 in the gastrointestinal tract leads to a reduction of
prostaglandin secretion resulting in damage to gastric mucosa. Inhibition of COX-2 may
also play a role in mucosal injury, although this is thought to be less problematic than
COX-1 inhibition. Thus in certain embodiments the NSAID may be non-selective COX-2
inhibitor or a selective COX-2 inhibitor. Examples of NSAIDs include a compound selected
from: diclofenac, meloxicam, ketoprofen, etodolac, fenoprofen, flurbiprofen, mefenamic
acid, nabumetone, oxaprozin, piroxicam, sulindac, tolmetin, naproxen, indomethacin and
diflunisal, iroxicam, ketorolac, aceclofenac, ibuprofen, aspirin and celecoxib. In some
embodiments the NSAID is a non-selective NSAID selected from Diclofenac, meloxicam,
ketoprofen, naproxen, indomethacin and diflunisal. In some embodiments the NSAID is
selected from naproxen, indomethacin and diflunisal. In some embodiments the NSAID is
aspirin. In some embodiments the NSAID is not a COX-2 selective NSAID, for example,
the NSAID is not celecoxib.

Gastric Cancer

[00182] H. Pylori infection is a strongly associated with the development of gastric cancer
and the World Health Organisation (WHQO) has classified H. Pylori as a class | gastric

carcinogen (Peek et al supra.).

[00183] In certain embodiments there is provided a method for the treatment or prevention
of gastric cancer in a subject infected with H. Pylori, the method comprising orally
administering to the subject an effective amount of a halogenated salicylanilide, or a

pharmaceutically acceptable salt or solvate thereof.

[00184] Gastric carcinogenesis is reversible at the early stages and eradication of H.
Pyilori infections before gastric damage induced by the H. Pylori has become malignant
may prevent or reduce the risk of a subject developing gastric cancer. In certain
embodiments there is provided a method of preventing or reducing the risk of a H. Pylori
infected subject developing gastric cancer, the method comprising orally administering to
the subject an effective amount of a halogenated salicylanilide, or a pharmaceutically

acceptable salt or solvate thereof.

[00185] Treatment of H. Pyilori induced premalignant lesions in the gastric mucosa is

important to prevent carcinogenesis of the lesion and the emergence of gastric cancer.
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[00186] The early stages of H. Pylori infection induce gastritis and mucosal damage.
Corpus gastritis and the development of atrophic gastritis are particular risk factors for the
development of H. Pylori induced gastric cancer. Subjects with severe atrophic gastritis
(with or without intestinal metaplasia) in the corpus or with severe corpus predominant
gastritis are those at highest risk for progression to gastric cancer (Correa. Gastroenterol
Clin North Am 2013;42:211-17).

[00187] The chronic inflammation induced by the H. Pyiori also results in the development
of gastric epithelial dysplasia, a premalignant lesion. Once a gastric neoplasm becomes
malignant, subsequent eradication of H. Pylori infection is less likely to be effective in

treating or inhibiting progression of the cancer.

[00188] Accordingly, in certain embodiments there is provided a method for treating a
premalignant gastric epithelial lesion in a subject infected with H. Pyilori, the method
comprising orally administering to the subject an effective amount of a halogenated

salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

[00189] In certain embodiments there is provided a method for eradicating a H. Pylori
infection in a subject that has a premalignant gastric epithelial lesion, the method
comprising orally administering to the subject an effective amount of a halogenated

salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

[00190] It may be that the premalignant gastric epithelial lesion is gastric epithelial
dysplasia, for example a high-grade gastric epithelial dysplasia. The grading of dysplasia
may be determined according to known methods, for example according to the WHO
classification (Yakirevich et al. Gastroenterol Clin North Am. 2013 Jun; 42(2):261-84).

[00191] It may be that the premalignant gastric epithelial lesion is gastric epithelial

hyperplasia.

[00192] It has been shown that subjects infected with H. Pylori that have undergone
resection of a premalignant gastric lesion are at a high risk of developing metachronous
gastric lesions, including gastric cancer. Eradication of H. Pylori can prevent or reduce the

risk of developing metachronous gastric lesions.

[00193] In certain embodiments there is provided a method for eradicating an H. Pyilori
infection in a subject, wherein the subject has undergone resection of a premalignant
gastric lesion (e.g. gastric epithelial dysplasia), the method comprising orally administering
to the subject an effective amount of a halogenated salicylanilide, or a pharmaceutically

acceptable salt or solvate thereof.

[00194] In certain embodiments there is provided a method for preventing or reducing the

risk of metachronous gastric lesions in a subject that has undergone resection of a
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premalignant gastric lesion (e.g. gastric epithelial dysplasia) and wherein the subject is
infected by H. Pylori, the method comprising orally administering to the subject an effective
amount of a halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate

thereof.

[00195] Studies have demonstrated that H. Pylori eradication can reduce the development
of metachronous gastric cancer after endoscopic resection of early gastric cancer (EGC) (
Uemura et al. Cancer Epidemiol Biomarkers Prev. 1997 Aug; 6(8):639-42). Metachronous
cancer refers to a multiple primary tumours developing at intervals, for example the
development of a second gastric neoplasm following resection of a primary gastric

neoplasm.

[00196] Accordingly, the method may be for use in the eradication of an H. Pylori infection
in a subject after resection (e.g. endoscopic resection) of EGC, the method comprising the
method comprising orally administering to the subject an effective amount of a

halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

[00197] In certain embodiments there is provided a method for preventing or reducing the
risk of metachronous gastric in a subject that has undergone resection (e.g. endoscopic
resection) of EGC and wherein the subject is infected with H. Pylori, the method
comprising orally administering to the subject an effective amount of a halogenated

salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

[00198] Early gastric cancer includes, for example, gastric cancer limited to the gastric

mucosa and/or submucosa.

[00199] Pre-cancerous gastric epithelial lesions and early gastric cancer can be
diagnosed using known methods, for example endoscopy including white light endoscopy,

magnification chromoendoscopy and/or narrow-band imaging endoscopy.

[00200] The strong link between H. Pylori and gastric cancer and the evidence indicating
that eradication of the infection early is important to prevent oncogenesis and the
development of gastric cancer, may warrant prophylactic treatment of subjects to prevent
or reduce the risk of developing gastric cancer. So called “test and treat” methods have
been proposed wherein a subject is tested for the presence of H. Pylori and the subject is
treated to eradicate the infection without any further diagnosis of the gastric damage and

inflammation caused by the H. Pylori bacteria.

[00201] Accordingly, in some embodiments there is provided a method for the
prophylactic treatment or prevention of gastric cancer in a subject, the method comprising

testing the subject for the presence of a H. Pylori infection and if an infection is detected
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orally administering to the subject an effective amount of a halogenated salicylanilide, or a

pharmaceutically acceptable salt or solvate thereof.

[00202] In some embodiments there is provided a method for the prophylactic treatment
or prevention of gastric cancer in a subject that has a H. Pylori infection, the method
comprising orally administering to the subject an effective amount of a halogenated

salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

[00203] The methods for the treatment or prevention of gastric cancer described herein a
particularly suitable for use in the treatment of subjects that are at a high risk of developing
gastric cancer. High risk factors include subjects with one or more of the following

characteristics:
o first-degree relatives of family members with a diagnosis of gastric cancer;
e previous gastric neoplasia treated by resection;

e gastritis, including severe pan-gastritis, corpus-predominant gastritis, or severe

atrophy;
e subjects with chronic gastric acid inhibition for more than 1 year,;

¢ subjects with environmental risk factors for gastric cancer (e.g. heavy smoking,

high exposure to dust, coal, quartz and/or cement)

Mucosal-associated-lymphoid-type (MALT) lymphoma

[00204] Mucosal-associated-lymphoid-type (MALT) lymphoma is a non-Hadgkin kyraphoma
which originates from B cells in the marginal zone of the MALT. MALT lymphoma is most
common in the stomach. There is strong evidence that gastric MALT lymphoma is caused
by H. Pylori (Pereira et al. World J Gastroenterol. 2014 Jan 21; 20(3):684-98).

[00205] Accordingly, in certain embodiments there is provided a method for the treatment
or prevention of gastric MALT lymphoma in a subject infected by H. Pyilori, the method
comprising orally administering to the subject an effective amount of a halogenated

salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

Colorectal Cancer

[00206] H. Pylori may be associated with the development of colorectal cancer and has
been implicated in colorectal carcinogenesis. Although there are some doubts that H.
Pylori has a direct causal link to colorectal cancer there is evidence that it is associated
with potentially oncogenic interactions that could result in the development of colorectal
cancer, including induction of inflammation of the colonic mucosa and the release of toxins
(Papastergiou et al. World J Gastroenterol. 2016;22(2):649-58).
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[00207] In certain embodiments there is provided a method for the treatment or prevention
of colorectal carcinoma in a subject infected with H. Pylori, the method comprising orally
administering to the subject an effective amount of a halogenated salicylanilide, or a

pharmaceutically acceptable salt or solvate thereof.

[00208] In certain embodiments there is provided the eradication of a H. Pylori infection in
a subject with colorectal carcinoma, the method comprising orally administering to the
subject an effective amount of a halogenated salicylanilide, or a pharmaceutically

acceptable salt or solvate thereof.

[00209] Suitably the subject is treated to eradicate a H. Pylori infection before the subject
has developed colorectal cancer. For example treating subjects with premalignant lesions
in colorectal tissue to eradicate H. Pylori may be effective in preventing the oncogenesis of

the lesion to a malignant tumour.

[00210] In certain embodiments there is provided a method for the treatment of a
premalignant colorectal lesion in a subject infected with H. Pylori, the method comprising
orally administering to the subject an effective amount of a halogenated salicylanilide, or a

pharmaceutically acceptable salt or solvate thereof.

[00211] In certain embodiments there is provided a method for the eradication of a H.
Pylori infection in a subject with a premalignant colorectal lesion, the method comprising
orally administering to the subject an effective amount of a halogenated salicylanilide, or a

pharmaceutically acceptable salt or solvate thereof.

[00212] There is some evidence suggesting that the risk of developing colorectal cancer is
higher in subjects that have H. Pylori induced gastritis (e.g. atrophic gastritis) and/or

premalignant gastric lesions (e.g. gastric epithelial dysplasia).

[00213] Accordingly in some embodiments there is provided a method for the treatment of
a premalignant colorectal lesion in a subject infected with H. Pylori, wherein the subject
has gastritis (e.g. atrophic gastritis) and/or premalignant gastric lesions (e.g. gastric
epithelial dysplasia), the method comprising orally administering to the subject an effective
amount of a halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate

thereof.

[00214] In certain embodiments there is provided a method for the eradication of a H.

Pylori infection in a subject with a premalignant colorectal lesion, wherein the subject has
gastritis (e.g. atrophic gastritis) and/or premalignant gastric lesions (e.g. gastric epithelial
dysplasia), the method comprising orally administering to the subject an effective amount

of a halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.
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[00215] In these embodiments it may be that the premalignant colorectal lesion is a

neoplastic polyp (e.g. tubular and/or villous adenomas).

Extra-Gastric Diseases

[00216] H. Pylori infection is associated with certain extra-gastric medical conditions,
particularly iron-deficiency anaemia, idiopathic thrombocytopenic purpura and vitamin B12

deficiency (Maastricht Guidelines, supra).

[00217] In certain embodiments there is provided a method for the treatment or prevention
of an extra-gastric medical condition associated with H. Pylori in a subject infected with H.
Pylori, the method comprising orally administering to the subject an effective amount of a
halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof. It may
be that the extra-gastric condition is selected from: iron-deficiency anaemia, idiopathic

thrombocytopenic purpura and vitamin B12 deficiency.

[00218] It is to be understood that the disease or infections caused by or associated with
H. Pylori described above and herein may be treated using any of the methods disclosed
herein. For example, the method could be oral administration of the halogenated
salicylanilide alone of concurrently with a PPI inhibitor or a nitroimidazole antibiotic (e.g.

metronidazole).
Diagnosis of H. Pylori infection

[00219] The presence of a H. Pylori infection in the subject may be determined using well
known diagnostic methods. Diagnosis may be via a direct or indirect diagnostic methods.
Suitable direct testing methods include test carried out on a biopsy or by indirect methods.
Examples of suitable diagnostic methods include those set out in Wang et al. World journal
of gastroenterology vol. 21,40 (2015): 11221-35.

[00220] Direct testing for H. Pylori is generally performed using endoscopic methods to
obtain a biopsy sample of gastric mucosal tissue and analysis of the sample for evidence
of H. Pylori infection. This can be achieved using for example histology methods, culturing

of the sample, rapid urease test or PCR methods.

[00221] The rapid urease test relies upon secretion of urease enzymes from the H. Pylori
bacteria. A biopsy sample is cultured in a medium containing urea. The urease produced
by the bacteria hydrolyses the urea to ammonia, which can be detected in the medium,
typically by detecting the increase in pH resulting from the ammonia (Uotani et al. &2
Trans! Med. 2015,3(1):8).
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[00222] When histological methods are used it is recommended that PPI therapy is
stopped for at least 2 weeks prior to obtaining endoscopic samples to minimise the risk of
erroneous diagnosis (Malfertheiner et al. Gut. 2012 May; 61(5):646-64).

[00223] Culturing methods to detect H. Pylori can also be used to assess the susceptibility
of particular H. Pylori to antibiotic treatment. In certain embodiments of the methods
described herein it may be that the H. Pylori infecting the subject are tested for
susceptibility to the halogenated salicylanilide prior to orally administering the halogenated
salicylanilide. This will further reduce the likelihood of H. Pylori resistance to the

halogenated salicylanilide emerging.

[00224] PCR methods to detect H. Pylori can also be used on other biological samples,

including saliva, gastric fluid and stool samples.

[00225] Indirect testing does not require a biopsy sample and as such may be preferred,
because it uses non-invasive methods. Suitable indirect methods include the urea breath
test, the stool antigen test and serology. The most common indirect method used is the
urea breath test (UBT), which utilises the urease enzyme produced by the H. Pyilori to
detect infection. A subject ingests '*C or “C-labeled urea which is hydrolysed to labelled
CO:in the stomach by the H. Pylori urease. The labelled CO: is absorbed into the blood
and is exhaled. The exhaled labelled CO, can then be detected, thereby identifying an H.
Pyilori infection. The UBT has been shown to be a very accurate test for H. Pylori infection
(Ferwana et al. World J. Gastroenterol. 2015 Jan 28; 21(4):1305-14).

[00226] In the stool antigen test (SAT), detection of H. Pylori antigen in the stool sample is
used to diagnose infection. It is recommended that ELISA is used to detect the H. Pylori

antigen (Maastricht Consensus Report, supra).

[00227] Serology is also a suitable non-invasive method for the detection of H. Pylori. The
presence of serum IgG to H. Pylori may be detected using known methods, preferably
ELISA.

[00228] In some embodiments the subject is tested for the presence of a H. Pylori
infection and when an infection is detected the subject is treated with the halogenated
salicylanilide in accordance with any of the methods described herein. The subject may be
tested for the presence of an H. Pylori infection using any known method, including the

invasive and non-invasive methods described herein.

[00229] In some embodiments it may be that H. Pylori isolated from the subject (e.g.
following biopsy) are cultured and then tested for susceptibility to the halogenated

salicylanilide prior to initiating treatment of the subject with the halogenated salicylanilide.
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[00230] In some embodiments the subject is tested for the presence of H. Pylori after
completing a method of treatment described herein. Such post-treatment testing may be
important to confirm that the treatment has been effective against the H. Pylori infection.
For example to confirm that the treatment has completely eradicated the H. Pylori
infection. Suitably the subject is tested at least 28 days, preferably 28 to 56 days following
the last dose of the halogenated salicylanilide administered to the subject. This minimises
the risk of “false negative” results, because the treatment-free period prior to testing is
generally sufficient time for the H. Pylori infection to re-establish itself in the event that the

treatment does not completely eradicate the H. Pylori.
Halogenated salicylanilide

[00231] The halogenated salicylanilide may be of the formula (1), or a pharmaceutically

acceptable salt or solvate thereof:

(R%)p
(R X RS
N
H (R4,
/ OR®

(R

)
wherein, X, R', R?, R®, R* R® R® n, p, t and v are as hereinbefore defined.

[00232] The following statements in the numbered paragraphs below apply to compounds
of the formulae (1) or (ll). These statements are independent and interchangeable. In other
words, any of the features described in any one of the following statements may (where
chemically allowable) be combined with the features described in one or more other
statements below. In particular, where a compound is exemplified or illustrated in this
specification, any two or more of the statements below which describe a feature of that
compound, expressed at any level of generality, may be combined so as to represent
subject matter which is contemplated as forming part of the disclosure of this invention in

this specification.
1. Xis O.

2. R' and R? are at each occurrence independently selected from fluoro, chloro,

bromo and iodo.

3. R' and R? are at each occurrence independently selected from chloro, bromo and

iodo.

4. R' is chloro.
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5. R" is bromo.
6. R' is iodo.
7. R2 is chloro.
8. R2is bromo.
9. R2?is iodo.
10. R® and R* are at each occurrence independently selected from H, C1.4 alkyl, -
ORA', -NO2 and -CN.
1. R® and R* are at each occurrence independently selected from H, C1.4 alkyl, -OR*!
and -NO..
12. R® and R* are at each occurrence independently selected from H, C1.4 alkyl, -OH,

-OMe, -NO; and —=CN, for example H, C1.4 alkyl, -OH or -NO..

13. R%is H.

14. R%is -L'-R".

15. L' is selected from -O-, -CH,- and —CH(CN)-, for example —O- or —CH(CN)-.

16. R” is phenyl, unsubstituted or substituted with 1, 2, or 3 groups selected from halo,
C1.4 alkyl and —CN

17. R” is phenyl unsubstituted or substituted with 1, 2, or 3 groups (for example 1 or 2

groups) selected from halo.
18. R” is unsubstituted phenyl.

19. L' is selected from -O- and —=CH(CN)-; and R is phenyl unsubstituted or substituted

with 1, 2, or 3 groups selected from halo.

20. R®is H.

21. R® is -C(O)R*?, for example —C(O)CHs.
22, t=0or1.

23 t=0.

24, v=0or1.

25. v=0.

26. ois 1.

27. v =1 and R*is selected from —OH, C+.salkyl and =NO..
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28. A compound of any of formulae (1) or (ll), or a pharmaceutically acceptable salt

thereof.

[00233] Particular compounds are compounds of formula (I) or formula (ll), or a

pharmaceutically acceptable salt or solvate thereof wherein:
Xis O;
R" and R? are at each occurrence independently selected from halo;

R® and R* are at each occurrence independently selected from H, C+.4 alkyl, -OR”', -NO,
and CN;

R5is H or-L'-R";

R®is H or -C(O)R*?;

L" is selected from O and -CH(CN)-;

R7 is phenyl unsubstituted or substituted with 1, 2, or 3 groups selected from halo;
RA" and R”? are at each occurrence independently selected from H and C1.4 alkyl;

n and p are each independently selected from 0, 1, 2, 3 or 4, with the proviso that n+p is at

least 1;
t and v are independently selected from O, 1 and 2.
or a pharmaceutically acceptable salt, or solvate thereof.

[00234] The halogenated salicylanilide may be selected from:

Cl Cl
I cl
C(O)NH—</ ;}—
Cl OH | OH HaC

I0—0Q
Q

tetrachlorosalicylanilide closantel
1 1

Cl Cl HOQ, Cl

1 Cl

C(O)NH
C{O)NH o cl

Cl OH Cl

1 OH

rafoxanide oxyclosanide
1
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OH

C(O)NHOm
cmw@m
| [o]
~
OH

resorantel clioxanide
Br. Br,
C(O)NH C(O)NH Br
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or a pharmaceutically acceptable salt or solvate thereof.

[00235] The halogenated salicylanilide may be selected from the group consisting of

niclosamide, closantel, oxyclozanide, rafoxanide, or a pharmaceutically acceptable salt or

solvate thereof.

[00236] The halogenated salicylanilide may be selected from oxyclozanide and

niclosamide, or a pharmaceutically acceptable salt or solvate thereof.

[00237] The halogenated salicylanilide may be closantel, or a pharmaceutically

acceptable salt or solvate thereof, e.g. the halogenated salicylanilide is closantel.

[00238] The halogenated salicylanilide may be rafoxanide, or a pharmaceutically

acceptable salt or solvate thereof, e.g. the halogenated salicylanilide is rafoxanide.
[00239] The halogenated salicylanilide may be oxyclozanide.

[00240] The halogenated salicylanilide may be niclosamide, or a pharmaceutically

acceptable salt or solvate thereof.
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[00241] In certain embodiments the halogenated salicylanilide is niclosamide.

[00242] It is to be understood that any of the halogenated salicylanilides, in particular
oxyclozanide, niclosamide, rafoxanide, or closantel, or a pharmaceutically acceptable salt
or solvate thereof, described in this section or elsewhere in the application may be used in

any of the treatments described herein.
Synthesis

[00243] The halogenated salicylanilides described herein are known or can be
synthesised using known methods. For example, compounds of the formula (I) herein may
be prepared by coupling an amine of the formula (ll) with an acid of formula (l11) (or an
activated for of the acid, e.g. an acyl halide):

R",
R2), (RY)

R5

NH
2 OH

R*), (R3), OR®

(1 (n

[00244] Necessary starting materials are known or can be prepared using standard

procedures of organic chemistry.
Bacterial efflux pump inhibitor

[00245] As mentioned above, WO 2016/080846 discloses certain salicylamide
compounds and at least one efflux pump inhibitor for treatment of an infection caused by
Gram negative bacteria. WO 2016/080846 discloses the following classes of efflux pump

compounds:
e alkoxyquinoline derivatives, e.g. 2,8-dimethyl-4-(2'-pyrrolidinoethyl)-oxyquinoline;
e piperidine and piperidine analogues;
¢ phenothiazines, e.g. chloropromazine;
¢ monoterpene derivatives, e.g. geranylamine; and
e arginine derivatives (see US 6,251,869);

[00246] The following compounds are disclosed in WO 2016/080846 as examples of
bacterial efflux pump inhibitors: (2R,4S)-4-(2-aminoacetamido)-N-[(1R-)-3-phenyl-1-(3-
quinolylcarbamoyl)propyl]-2-pyrrolidinecarboxamide; (2R,4S)-4-(2-aminoacetamido)-N-
[(1R)-3-phenyl-1-(3-phenyl)propylcarbamoyl] propyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-
(2-aminoacetamido)-N-[(1R)-3-phenyl-1-(3-quinolylcarbamoyl)propyl]-2-
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pyrrolidinecarboxamide; (2S,4R)-4-(2-aminopropionamido]-N-[(1R)-3-phenyl-1-(3-
quinolylcarbamoyl)propyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-(aminompropionamido)-N-
[(1R)-3-phenyl-1-(3-quinolylcarbamolyl)propyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-[3-
(aminopropionamido])-N-[(1R)-3-phenyl-1-(3-quinolylcarbamoyl) propyl]-2-
pyrrolidinecarboxamide; (2S,4R)-4-(amino-N-[(1R)-3-pheynl-1-(3-
quinolylcarbamoyl)propyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-(aminoacetamido)-N-[(1R)-
3-methyl-1-[(3-quinolylcarbamoyl)butyl]-2-pyrrolidinecarboxamide; (2S,4S-4-(2-amino-N-
methylacetamido)-N-[(1R)-3-phenyl-1-(3-quinolylcarbamoyl)propyl]-2-
pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoacetamido)-N-[(1R)-3-3-methyl-1-(6-methoxy-
8-methyl-3-quinolylcarbamoyl)butyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-(2-
aminoacetamido)-N-[(1R)-3-phenyl-1-(6,7-dimethyl-3-quinolylcarbamoyl) propyl]-2-
pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoacetamido)-N-[(1R)-2-(4-methoxyphenyl)-1-(3-
quinolylcarbamoyl)ethyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-[(1R)-3-
methyl-1-quinoylcarbamoyl)bulyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-aminomethyl)-N-
[(1R)-3-phenyl-1-(6-ethyl-3-quinolylcarbamoyl)propyl]-2-pyrrolidinecarboxamide; (2S,4R)-
4-(2-aminoacetamido)-N-methyl-N-[(1R)-3-phenyl-1-(3-quinolylcarbamoyl) propyl]-2-
pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-[(1R)-3-phenyl-1-(3-
quinolylcarbamoyl)propyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-(2-aminoacetamido)-N-
[(1R)-3-phenyl-1-(3-quinolylcarbamoyl)propyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-(2-
aminoacetamido)-N-[(1R)-3-phenyl-1-(6-ethyl-3-quinolylcarbarrioyl)propyl]-2-
pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoacetamido)-N-[(1R)-3-methyl-1-(6-ethyl-3-
quinolylcarbamoyl)butyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-(2-aminoacetamido)-N-
[(1R)-2-(4-fluorophenyl)-1-(3-quinolylcarbamoyl)ethyl]-2-pyrrolidinecarboxamide; (2S,4R)-
4-(2-aminoacetamido)-N-[(1R)-2-(4-fluorophenyl)-I-(3-quinolylcarbamoyl)ethyl]-2-
pyrrolidnecarboxamide; (2S,4R)-1-(2-aminoacetamido)-N-[(1R)-3-phenyl-I-(6-methoxy-8-
methyl-3-quinolylcarbamoyl)propyl]2-pyrrolidinecarboxamide; (2S,4R)-4-(2-
aminoacetamido)-N-[1R)-2-(4-hydroxyphenyl)-1-(3-quinolylcarbamoyl)ethyl]-2-
pyrrolidinecarboxamide; (2S,4S)-4-(aminomethyl)-N-[(1R)-3-pheny[-1-(3-
quinolylcarbamoyl)propyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-[(1R)-2-
(4-hydroxyphenyl)-1-(6-ethyl-3-quinolylcarbamoyl)ethyl]-2-pyrrolidinecarboxamide;
(2S,4R)-4-(2-aminoacetamido)-N-[(1R)-3-phenyl-1-(5-chloro-2-
hydroxyphenylcarbamoyl)propyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-(2-
aminoacetamido)-N-[(1R)-3-phenyl-1-(4,5-dimethyl-2-hydroxyphenylcarbamoyl) propyl]-2-
pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoacetamido)-N-[(1R)-3-phenyl-1-(2-hydroxy-5-
methylphenylcarbamoyl) propyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-
[(1R)-3-phenyl-1-(6-quinolylcarbamoyl)propyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-
(aminomethyl)-N-[(1R)-3-phenyl-1-(8-quinolylcarbamoy propyl]-2-pyrrolidinecarboxamide;
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(2R,4R)-4-(aminomethyl)-N-[(1R)-2-(4-fluoropheny)-1-(3-quinolylcarbamoyl)ethyl]-2-
pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-[(1R)-3-phenyl-1-[3-
quinolylmethyl)carbamoyl]propyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-
methyl-N-[(1R)-3-phenyl-1-(3-quinolylcarbamoyl)propyl]-2-pyrrolidinecarboxamide;
(2R,4R)-4-(aminomethyl)-N-[(1R)-3-methyl-I-(3-quinolylcarbamoly)butyl]-2-
pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-[(1R)-3-phenyl-1-(6-fluoro-3-
quinolylcarbamoyl)propyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-[(1R)-4-
rnethyl-1-(3-quinolylcarbamoyl)pentyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-
(aminomethyl)-N-[(1R)-3-phenyl-1-(5-fluoro-2-hydroxyphenylcarbamoyl) propyl]-2-
pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-[(1R)-3-phenyl-1-(2-hydroxy-5-
methylphenylcarbamoyl) propyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-
[(1R)-3-phenyl-1-(5-chloro-2-hydroxyphenylcarbamoyl)propyl]-2-pyrrolidinecarboxamide;
(2R,4R)-4-(aminomethyl)-N-methyl-N-[(1R)-3-methyl-1-(6-ethyl-3-
quinolylcarbamoyl)butyl]-2-pyrrolidinecarboxamide; (2R,4S)-4-(2-aminoacetamido)-N-(2-
phenylethyl)-N-(3-quinolylcarbamoyl)ethyl]-2-pyrrolidinecarboxamide; (2R,4S)-4-[(2R)-2-
aminopropionamido]-N-(2-phenylethyl)-N-(3-quinolylcarbamoyl)ethyl]-2-
pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoacetamido)-N-(2-phenylethyl)-N-(3-
quinolylcarbamoyl)ethyl]-2-pyrrolidinecarboxamide; (2R,4S)-4-(2-aminoacetamido)-N-(2-
methylpropyl)-N-(7-ethyl-3-quinolylcarbamoyl)ethyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-
(aminomethyl)-N-(2-phenylethyl)-N-(3-quinolylcarbamoyl)ethyl]-2-pyrrolidinecarboxamide;
(2R,4R)-4-(2-aminoacetamido)-N-(2-phenylethyl)-N-(3-quinolylcarbamoyl)methyl]-2-
pyrrolidinecarboxamid; (2R,4S)-4-[(2R)-2-aminopropionamido]-N-(3,3-dimethylbutyl)-N-(3-
quinolylcarbamoyl)methyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-[(1R)-3-
phenyl-1-[(2-quinolyloxy)methyl]propyl]-2-pyrrolidinecarboxamide; (2R,4S)-4-(2-
aminoacetamido)-N-[(1R)-3-methyl-1-[(2-naphthyloxy)methyl]butyl]-2-
pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoacetamido)-N-[(1R)-3-phenyl-1-[(4-
chlorophenylthio)methyllpropyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-[(2R)-2-
aminopropionamido]-N-[(1R)-3-phenyl-1-[(4-chlorophenylthio)methyl]propyl]-2-
pyrrolidinecarboxamide; (2R,4S)-4-[(2R)-2-aminopropionamido]-N-[(1R)-3-phenyl-1-[(4-
chlorophenylthio)methyllpropyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoacetamido)-
N-[(1R)-3-phenyl-1-[(3-quinolylthio)methyl]propyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-(2-
aminoacetamido)-N-[(1R)-3-phenyl-1-[(2-quinolyloxy)methyl]propyl]-2-
pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoacetamido)-N-[(1R)-3-phenyl-1-[(2-
quinolylthio)methyllpropyl]-2-pyrrolidinecarobxamide; (2S,4R)-4-(2-aminoacetamido)-N-
[(1R)-3-phenyl-1-(phenylthiomethyl)propyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-(2-
aminoacetamido)-N-[(1R)-3-phenyl-1-[(4-fluorophenylthio)methyl]propyl]-2-
pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoacetamido)-N-[(1R)-3-methyl-1-[(2-
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quinolyloxy)methyl]butyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-[(1R)-3-
methyl-1-[(3-quinolyloxy)methyllbuty[]-2-pyrrolidinecarboxamide; (2S,4R)-4-(2-
aminoacetamido)-N-[(1R)-3-methyl-1-[(4-chlorophenylthio)methyl]butyl]-2-
pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-[(1R)-3-methyl-1-[(4-
chlorophenylthio)methyl]butyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-
[(25)-2-(6-methyl-3-quinolylcarboxamido)-4-phenylbutyl]-2-pyrrolidinecarboxamide;
(2R,4R)-4-(aminomethyl)-N-[(1R)-3-phenyl-1-[(6-methyl-3-
quinolylcarboxamido)methyl]propyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-(2-
aminoacetamido)-N-[(1R)-1-[(RS)-(5,6-dimethyl-2-benzoxazolyl)hydroxymethyl]-3-
phenylpropyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-[(2R)-2-aminopropionamido]-N-[(1R)-1-
[(RS)-(5,6-dimethyl-2-benzoxazolyl)hydroxymethyl]-3-phenylpropyl]-2-
pyrrolidinecarboxamide; (2R,4S)-4-[(2R)-2-aminopropionamido]-N-[(1R)-1-[(RS)-(5,6-
dimethyl-2-benzoxazolyl)hydroxymethyl]-3-phenylpropyl]-2-pyrrolidinecarboxamide;
(2S,4R)-4-(2-aminoacetamido)-N-[(1R)-1-[5,6-dimethyl-2-benzoxazolyl)hydroxymethyl]-3-
phenylpropyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-[(1R)-1-[(RS)-(5-1,1-
dimethyl)ethyl-2-benzoxazolyl)hydroxymethyl]-3-phenylpropyl]-2-pyrrolidinecarboxamide;
(2R,4R)-4-(aminomethyl)-2-[((1S)-3-phenyl-1-(3-quinolylcarbamoyl) propyl)oxymethyl]-
pyrrolidine; (2R,4R)-4-(aminomethyl)-2-[((1R)-3-phenyl-1-(3-quinolylcarbamoyl)propyl)-
oxymethyl]pyrrolidine; (2R,4R)-4-(aminomethyl)-2-(2-quinolyloxymethyl)pyrrolidine;
(2R,4R)-4-(aminomethyl)-2-(6-methyl-3-quinolylcarboxamidomethyl)pyrrolidine; (2S,4R)-4-
(2-aminoacetamido)-2-(5-benzyl-2- benzmidazolyl)pyrrolidine; (2R,4R)-4-(aminomethyl)-2-
(5-benzyl-2-benzimidazolyl)pyrrolidine; (2S,4R)-4-(2-aminoacetamido)-2-(1-(2-
phenyl)ethyl-2-benzimidazolyl)pyrrolidine; (2S,4R)-4-(2-aminoacetamido)-2-(1-(3-
aminopropyl)-2-benzimidazolyl)pyrrolidine; (2S,4R)-4-(2-aminoacetamido)-N-[(1R)-1-(2-
benzoxazolyl)-3-phenylpropyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoacetamido-N-
[(19)-1-(2-benzimidazolyl)-3-phenylpropyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-(2-
aminoacetamido)-N-[(5-benzyl-2-benzimidazolyl)methyl]-2-pyrrolidinecarboxamide;
(2S,4R)-4-(2-aminoacetamido)-N-[(1-(2-phenyl)ethyl-2-benzimidazolyl)methyl]-2-
pyrrolidinexarboxamide; (2S,4R)-4-(2-aminoacetamido)-N-[(5-1,1-dimethyl)ethyl-2-
benzimidazolyl)methyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoacetamido)-N-[(5-(1
hydroxy-1-phenyl)methyl-2-benzimidazolyl)methyl]-2-pyrrolidinecarboxaniide; (2S,4R)-4-
(2-aminoacetamido)-N-[(1S)-1-(5-benzyl-2-benzimidazolyl)ethyl]-2-
pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoacetamido)-N-[(1R)-1-(2-benzthiazolyl)-3-
phenylpropyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoacetamido)-N-[(1S)-1-(2-
benzoxazolyl)-3-phenylpropyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-[(5-
benzyl-2-benzimidazolyl)methyl]-2-pyrrolidinecarboxamide; (2R,4S)-4-(aminomethyl)-N-
[(5-benzyl-2-benzimidazolyl)methyi]-2-pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-
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N-[(5-phenyloxy-2-benzimidazolyl)methyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-
(aminomethyl)-N-[(5-phenyl-2-benzimidaxolyl)methyl]-2-pyrrolidinecarboxamide; (2S,4R)-
4-(2-aminoethylthio)-N-[(1R)-3-phenyl-1-(3-quinolylcarbamoyl)propyl]-2-
pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoethyloxy)-N-[(1R)-3-phenyl-1-(3-
quinolylcarbamoyl)propyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoethyloxy)-N-(6-
(1,1-dimethyl)ethyl-3-quinolyl)-2-pyrrolidinecarboxamide; (2S,4RS)-4-(3-aminopropyl)-N-
[(1R)-3-phenyl-1-(3-quinolylcarbamoyl)propyl]-2-pyrrolidinecarboxamide; (2S,4R)-4-(2-
aminoacetamido)-N-[5-(p-chlorophenyl)tetrahydro-3-thienyl]-2-pyrrolidinecarboxamide;
(2S,4R)-4-(guanadinyl)-N-[(1R)-3-phenyl-1-(3-quinolylcarbamoyl)propyl]-2-
pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoacetamido)-N-[7-ethyl-3-quinolyl]-2-
pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-[6-(],I-dimethyl)ethyl-3-quinolyl]-2-
pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoacetamido)-N-(5-benzyl-2-hydroxyphenyl)-2-
pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoacetamido)-N-[4-benzyl-2-
benzimidazolyl)ethyl]-2-pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-(6-ethyl-3-
quinolyl)-2-pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-(5-benzyl-2-
benzimidazolyl)-2-pyrrolidinecarboxamide; (2S,4R)-4-(2-aminoacetamido)-N-(5-benzyl-2-
benzimidazolyl)-2-pyrrolidinecarboxamide; (2R,4R)-4-(aminomethyl)-N-[(1R)-3-phenyl-1-
[(3-quinolylcarboxamido)methyl]propyl]-2-pyrrolidinecarboxamide; trans-4-glycylamino-D-
prolyl-D-proline-(6-isopropyl)-3-quinolylamide; trans-4-amino-L-prolyl-trans-4-((R)-2-
hydroxy-4-phenylbutyrylamino-L-proline 3-quinolylamide; trans-4-glycylamino-L-prolyl-
trans-4-((R)-2-hydroxy-4-phenylbutrylamino)-L-proline 3-quinolylamide; cis-4-glycylamino-
L-prolyl-trans-4-((R)-2-hydroxy-4-phenylbutyrylamino)-L-proline 3-quinolylamide; trans-4-
glycylamino-D-prolyl-trans-4-((R)-2-hydroxy-4-phenylbutyrylamino)-L-proline 3-
quinolylamide; trans-4-(N-methylglycylamino)-L-prolyl-trans-4-((R)-2-hydroxy-4-
phenylbutyrylamino)-L-proline 3-quinolylamide; trans-4-((S)-3-amino-2-
hydroxypropionylamino)-L-prolyl-trans-4-((R)-2-hydroxy-4-phenylbutyrylamino)-L-proline-3-
quinolylamide; trans-4-aminomethyl-L-prolyl-trans-4-((R)-2-hydroxy-4-
phenylbutyrylamino)-L-proline 3-quinolylamide; 4-(2-aminoethyl)-L-prolyl-trans-4-((R)-2-
hydroxy-4-phenylbutyrylamino)-L-proline 3-quinolylamide; 1-(N-methylglycyl)-trans-4-
amino-L-prolyl-trans-4-((R)-2-hydroxy-4-phenylbutyrylamino)-L-proline 3-quinolylamide;
trans-4-amino-L-pipecolinoyl-trans-4-((R)-2-hydroxy-4-phenylbutyrylamino)-L-proline 3-
quinolylamide; cis-4-amino-L-pipecolinoyl-trans-4-((R)-2-hydroxy-4-phenylbutyrylamino)-L-
proline 3-quinolylamide; trans-4-glycylamino-L-pipecolinoyl-trans-4-((R)-2-hydroxy-4-
phenylbutyrylamino)-L-proline 3-quinolylamide; cis-4-glycylamino-L-pipecolinoyol-trans-4-
((R)-2-hydroxy-4-phenylbutyrylamino)-L-proline 3-quinolylamide; D-ornithyl-trans-4-(4-
phenylbutanoyl)amino-L-proline-5-indanylamide; L-ornithyl-cis-4-(4-phenylbutanoyl)amino-

L-proline-5-indanylamide; D-ornithyl-cis-4-(4-phenylbutanoyl)amino-L-proline 5-
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indanylamide; 4-hydroxy-L-ornithyl-trans-4-(4-phenylbutanoyl)amino-L-proline 5-
indanylamide; trans-4-glycylamino-L-prolyl-D-homophenylalanine 3-quinolylamide; trans-4-
amino-L-prolyl-D-homophenylalanine 3-quinolylamide; trans-4-glycylamino-L-prolyl-D-
homophenylalanine 5-indanylamide; trans-4-glycylamino-L-prolyl-D-homophenylalanine
3,4-dimethylphenylamide; trans-4-glycylamino-L-prolyl-D-homophenylalanine 3,5-
dimethylphenylamide; trans-4-glycylamino-L-prolyl-D-homophenylalanine 4-chloro-3-
methylphenylamide; trans-4-glycylamino-L-prolylglycine 4-benzylphenylamide; trans-4-
glyclamino-L-proline 4-phenoxyphenylamide; trans-4-glycylamino-L-proline 4-(4'-
methylphenoxy)phenylamide; trans-4-glycylamino-L-proline 4-(4'-
chlorophenoxy)phenylamide; trans-4-glycylamino-L-proline 4-phenylaminophenylamide;
trans-4-glycylamino-L-proline 3-biphenylamide; trans-4-glycylamino-D-proline 3-
biphenylamide; trans-4-glycylamino-L-proline 4-benzylphenylamide; trans-4-glycylamino-L-
proline 4-tert-butylphenylamide; trans-4-glycylamino-L-proline 4-phenylbenzylamide; trans-
4-glycylamino-L-proline 4-benzyloxyphenylamide; trans-4-glycylamino-L-proline 3-
benzyloxyphenylamide; trans-4-glycylamino-L-proline 4-(phenylthiomethyl)phenylamide;
trans-4-glycylamino-L-proline 4-benzylthiophenylamide; trans-4-((S)-3-amino-2-
hydoxypropionylamino)-L-proline 4-phenoxyphenylamide; trans-4-(2-
aminoethylsulfonylamino)-L-proline 4-phenoxyphenylamide; trans-4-glycylamino-L-proline
4-phenylthiazol-2-ylamide; trans-4-glycylamino-L-proline 3-(6-benzyl)quinolylamide; trans-
4-amino-L-pipecolinoyl-(4-phenoxyphenyl)amide; trans-4-glycylamino-L-pipecolinoyl 4-
phenoxyphenylamide; trans-4-aminomethyl-L-proline 4-phenoxyphenylamide; 1-(trans-4-
glycylamino-L-prolyl)-4-(3-chlorophenyl)piperazine; 1-[trans-4-((2S)-3-amino-2-
hydroxypropionylamino)-D-prolyl]-4-(3-chloro-2-methylphenyl)piperazine; 1-(N-trans-4-
glycylamino-L-prolyl)-4-(4-chlorophenyl)piperazine; 1-(trans-4-glycylamino-L-prolyl)-4-(2-
chlorophenyl)piperazine; 1-(trans-4-aminomethyl-L-prolyl)-4-(3-chloro-2-
methylphenyl)piperazine; 1-(trans-4-glycylamino-L-prolyl)-4-(4-phenylbutanoyl)piperazine;
(2R)-4-benzyl-1-(trans-4-glycylamino-D-prolyl)-2-phenethylpiperazine; 1-(trans-4-
glycylamino-L-prolyl)-4-(4-benzyloxyphenoxy)piperidine; 1-(trans-4-glycylamino-L-prolyl)-
4-(3,5-dichlorophenoxy)piperidine; 1-(trans-4-glycylamino-D-prolyl)-4-(3,5-
dichlorophenoxy)piperidine; trans-4-glycylamino-L-prolyl-4-(2-chloro-5-
methylphenoxy)piperidine; (2S,4R)-4-glycylamino-2-(4-biphenyloxy)methylpyrrolidine;
(2S,4R)-4-glycylamino-2-(3-biphenyloxy)methylpyrrolidine; (2R,4S)-4-glycylamino-2-(4-
biphenyloxy)methylpyrrolidine; (2R,4S)-4-glycylamino-2-(3-biphenyloxy)methylpyrrolidine,
trans-4-(3-biphenyloxy)-L-proline 2-aminoethylamide; (2S,4R)-2-(2-amino-1-hydroxyethyl)-
4-(3-biphenyloxy)pyrrolidine; 1-(N-trans-4-glycylamino-L-prolylamino)-3-(4-
phenylpropanoylamino)benzene; 2-(trans-4-glycylanino-L-prolylamino)-6-(4-

phenylpropanoylamino)pyridine; (2S,4R)-4-glycylamino-2-((E and Z2)-4-
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phenylstyryl)pyrrolidine; globomycin (glycine, N-(N-(N-(N-(N-(3-hydroxy-2-methyl-1-
oxononyl)-N-methylleucyl)-L-alloisoleucyl)-L-seryl)-L-allothreonyl)-, rho-lactone); carbonyl
cyanide m-chlorophenylhydrazone (CCCP); pyridoquinolone; MC-04,124 ((2R,4R)-4-
(aminomethyl)-N-[(2R)-1-ox0-4-phenyl-1-(quinolin-6-ylamino)butan-2-yl]pyrrolidine-2-

carboxamide); or MC-02,595 (D-ornithine-D- homophenylalanine-3-aminoquinoline).

[00247] Contrary to the disclosure in WO 2016/0808486, the inventors have found that
halogenated salicylanilides (e.g. niclosamide, oxyclozanide, rafoxanide, and closantel) are
effective against H. Pylori without the need for a bacterial efflux inhibitor. This simplifies the
treatment and minimises patient exposure to additional agents such as bacterial efflux
pump inhibitor. Accordingly in certain embodiments, the halogenated salicylanilide, (e.g.
niclosamide, oxyclozanide, rafoxanide, or closantel), is used in the absence of concurrent
administration with a bacterial efflux inhibitor, in particular any of the bacterial efflux
inhibitors disclosed in WO 2016/080846, in the uses, methods, compositions and devices
as disclosed herein.

Agents that increase the permeability of a bacterial cell membrane

[00248] WO 2017/200396 refers to polymyxins, such as polymyxin B, structural/functional
analogues of polymyxin B, polymyxin E (i.e. colistin), structural/functional analogues of
polymyxin E, and cationic or anionic peptides that disrupt cell membrane homeostasis
and/or polarity, e.g. gramicidin, as examples of agents that increase the permeability of the

bacterial cell membrane.

[00249] Further examples of agents that in WO 2017/200396 are asseried to increase the
permeability of bacterial cell membranes are hyperosmotic sclutions, calcium ion
chelators, surfactants, and/or polarity and receptor mediated permeabilizing agents
including drug based agents that increase permeability of a bacterial cell membrane, as

well as combinations thereof.

[00250] Examples of caicium ion chelators mentioned in WO 2017/200396 are
iminodiacetic acid (IDA), nitriloacetic acid (NTA), ethylenediaminomonoacetic acid
(EDMA), sethylenediaminodiacetic acid (EDDA), and sthylenediaminctetraacetic acid
(EDTA).

[00251] Examples of ionic surfactants mentioned in WO 2017/200396 are sodium

taurodihydrofusidate, sodium salicylate, sodium caprate, and sodium glycocholate.

[00252] Examples of non-ionic surfactants mentioned in WO 2017/200396 are
cholylsarcosine, isopropyl myristate, partially hydrolyzed triglycerides, fatly-acid sugar

derivatives, and oleic acid derivatives.
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[00253] Reference is in WO 2017/200396 made to Hurdle et al. (2011) and Guihelemelii
et al. (2013) for examples of cationic or anionic peptides that disrupt cell membrane

homeostasis and/or polarity.

[00254] Exampies of drug based agenis that increase permeability of a bacterial cell
membrane mentioned in WO 2017/200396 are polymyxins. Structural/functional analogues
of polymyxin B, which differ in the N-terminal fatty acyl group and amino acid residue at
position-6 and position-7 are mentioned. Structurai/functional analogues of polymyxin E,
which differ in the N-terminal falty acyl group and amino acid residue at position-8 and

position-7 are mentioned.

[00255] Contrary to the disclosure in WO 2017/200396, the inventors have found that
halogenated salicylanilides (e.g. niclosamide, oxyclozanide, rafoxanide, and closantel), are
effective against H. Pylori in the absence of concurrent administration of an agent selected
from the group consisting of polymyxins and gramicidin. Accordingly in certain
embodiments, the halogenated salicylanilide (e.g. niclosamide, oxyclozanide, rafoxanide,
or closantel) is used in the absence of concurrent administration with an agent that
increases the permeability of a bacterial cell membrane, in particular any of the
permeability enhancers disclosed in WO 2017/200396, in the uses, methods, compositions

and devices as disclosed herein.
Pharmaceutical Compositions

[00256] The halogenated salicylanilide may be administered to the subject in the form of a
pharmaceutical composition, such as a topical formulation, comprising the halogenated
salicylanilide, or a pharmaceutically acceptable salt or solvate thereof, and a
pharmaceutically acceptable excipient. The composition may be in a form suitable for oral
use (for example as tablets, lozenges, hard or soft capsules, aqueous or oily suspensions,
emulsions, dispersible powders or granules, syrups or elixirs). For example, the
composition may be in the form of an oral tablet, capsule or granule composition
comprising the halogenated salicylanilide or a pharmaceutically acceptable salt or solvate
thereof, a filler (e.g. corn starch), a binder (e.g. polyvinylpyrrolidone) and a lubricant (e.g.

magnesium stearate).
Dosage

[00257] The amount of the halogenated salicylanilide that is combined with one or more
excipients to produce a single dosage form will necessarily vary depending upon the
subject treated and the nature of the disease or infection being treated particular route of

administration.
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[00258] For example, a formulation in a unit dose form such as a tablet or capsule
intended for oral administration or another dose form to be administered parenterally to
humans will generally contain, for example, from 0.1 mg to 5 mg, for example from 0.5 mg
to 5 g, from 0.5 to 2 000 mg or from 10 to 500 mg of the halogenated salicylanilide, or a
pharmaceutically acceptable salt or solvate thereof, compounded with an appropriate and
convenient amount of excipients which may vary from about 5 to about 98 percent by

weight of the total composition.

[00259] The dose of the halogenated salicylanilide (e.g. oxyclozanide, niclosamide,
rafoxanide, or closantel), or a pharmaceutically acceptable salt or solvate thereof,
administered to a subject for the treatment of the diseases or infections caused by or
associated with H. Pylori described herein, will naturally vary according to the nature and
severity of the conditions, the age and sex of the animal or patient and the route of

administration, according to well-known principles of medicine.

[00260] The halogenated salicylanilide (e.g. oxyclozanide, niclosamide, rafoxanide, or
closantel), or a pharmaceutically acceptable salt or solvate thereof, may be administered in
a dose of about 0.001 to about 75 mg/kg, for example from about 0.013 to about 66.7
mg/kg, about 0.5 to about 30 mg/kg or from about 2.5 to about 30 mg/kg. The halogenated
salicylanilide, or a pharmaceutically acceptable salt or solvate thereof, may be

administered within these dosage ranges to the subject from 1 to 4 times per day.
Subjects

[00261] The subject treated with the halogenated salicylanilide may be a warm-blooded
animal, preferably the subject is a human. Also contemplated is the treatment of a non-

human subject such as a warm blooded non-human mammal. For example, the subject
may be a companion animal such as a cat, dog or horse. In some embodiments, the

subject is a dog or a cat. In some embodiments the subject is a dog.
Compounds for use in a method of treatment

[00262] A further aspect of the invention provides a halogenated salicylanilide, or a
pharmaceutically acceptable salt or solvate thereof, for use in any of the methods of
treatment described herein. The halogenated salicylanilide, may be any of the
halogenated salicylanilides described herein. The subject treated with the halogenated

salicylanilide may be any of the subjects described here.

[00263] Representative examples of compounds for use in a method of treatment

described herein include, but are not limited to:

[00264] A halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate

thereof, for use in a method for the prevention or treatment of a disease or infection
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caused by or associated with H. Pylori in a subject infected with H. Pyilori, the method
comprising orally administering to the subject an effective amount of the halogenated

salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

[00265] A halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof, for use in a method for eradicating a H. Pylori infection in a subject, the method
comprising orally administering to the subject an effective amount of the halogenated

salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

[00266] A halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof, for use in a method for eradicating a H. Pylori infection in a subject with a disease
or infection caused by or associated with H. Pylori, the method comprising orally
administering to the subject an effective amount of the halogenated salicylanilide, or a

pharmaceutically acceptable salt or solvate thereof.

[00267] A halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof, for use in the prevention or treatment of a disease or infection caused by or
associated with H. Pylori in a subject infected by H. Pylori and wherein the subject is being
treated with a PPI, the method comprising orally administering to the subject an effective
amount of the halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate

thereof.

[00268] A halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof, for use in a method for the eradication of a H. Pylori infection in a subject, the
method comprising orally administering to the subject an effective amount of the
halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof,

concurrently with an effective amount of a proton pump inhibitor.

[00269] A halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof, for use in a method for the prevention or treatment of a disease or infection
caused by or associated with H. Pylori in a subject infected with H. Pyilori, the method
comprising orally administering to the subject an effective amount of the halogenated
salicylanilide, or a pharmaceutically acceptable salt or solvate thereof, concurrently with an

effective amount of a nitroimidazole antibiotic.

[00270] A halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof, for use in a method for eradicating a H. Pylori infection in a subject, the method
comprising orally administering to the subject an effective amount of the halogenated
salicylanilide, or a pharmaceutically acceptable salt or solvate thereof, concurrently with an

effective amount of a nitroimidazole antibiotic.
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[00271] A halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof, for use in a method for the prevention of gastric cancer in a subject infected with
H. Pylori, the method comprising orally administering to the subject an effective amount of

a halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

[00272] A halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof, for use in a method for treating a premalignant gastric epithelial lesion in a subject
infected with H. Pylori, the method comprising orally administering to the subject an
effective amount of a halogenated salicylanilide, or a pharmaceutically acceptable salt or

solvate thereof.

Use of compounds for the manufacture of a medicament for use in a method of

treatment

[00273] A further aspect of the invention provides the use of a halogenated salicylanilide,
or a pharmaceutically acceptable salt or solvate thereof, for the manufacture of a
medicament for use in any of the methods of treatment described herein. The
halogenated salicylanilide, may be any of the halogenated salicylanilides described herein.
The subject treated with the halogenated salicylanilide may be any of the subjects

described here.

[00274] Representative examples of the use of compounds for the manufacture of a
medicament for use in a method of treatment described herein include, but are not limited

to:

[00275] Use of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof, for the manufacture of a medicament for the prevention or treatment of a
disease or infection caused by or associated with H. Pylori in a subject infected with H.
Pylori, wherein the halogenated salicylanilide, or a pharmaceutically acceptable salt or

solvate thereof is orally administered to the subject.

[00276] Use of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof, for the manufacture of a medicament for eradicating a H. Pylori infection in
a subject, wherein the halogenated salicylanilide, or a pharmaceutically acceptable salt or

solvate thereof is orally administered to the subject.

[00277] Use of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof, for the manufacture of a medicament for eradicating a H. Pylori infection in
a subject with a disease or infection caused by or associated with H. Pyilori, wherein the
halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof is orally

administered to the subject.
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[00278] Use of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof, for the manufacture of a medicament for the prevention or treatment of a
disease or infection caused by or associated with H. Pylori in a subject infected by H.

Pylori and wherein the subject is being treated with a PPI,

wherein the halogenated salicylanilide, or a pharmaceutically acceptable salt or

solvate thereof is orally administered to the subject.

[00279] Use of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof, for the manufacture of a medicament for the eradication of a H. Pylori
infection in a subject, wherein the halogenated salicylanilide, or a pharmaceutically
acceptable salt or solvate thereof is orally administered to the subject, concurrently with a

a proton pump inhibitor.

[00280] Use of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof, for the manufacture of a medicament for the prevention or treatment of a
disease or infection caused by or associated with H. Pylori in a subject infected with H.
Pylori, wherein the halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof is orally administered to the subject, concurrently with a nitroimidazole

antibiotic.

[00281] Use of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof, for the manufacture of a medicament for eradicating a H. Pylori infection in
a subject, wherein the halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof is orally administered to the subject, concurrently with a nitroimidazole

antibiotic.

[00282] Use of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof, for the manufacture of a medicament for the prevention of gastric cancer in
a subject infected with H. Pylori, wherein the halogenated salicylanilide, or a

pharmaceutically acceptable salt or solvate thereof is orally administered to the subject.

[00283] Use of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof, for the manufacture of a medicament for treating a premalignant gastric
epithelial lesion in a subject infected with H. Pylori, wherein the halogenated salicylanilide,
or a pharmaceutically acceptable salt or solvate thereof is orally administered to the

subject.
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EXAMPLES
[00284] The invention is further illustrated by the following examples.
Example 1: Antibacterial susceptibility

A pilot screening for anti- H. Pylori activity by a broth microdilution assay using the

halogenated salicylanilides niclosamide, oxyclozanide rafoxanide and closantel.

The H. Pylori reference strain 60190 (ATCC 49503) was purchased from American Type
Culture Collection (ATCC). Bacteria were cultured on Brucella agar (Becton Dickinson,
Braintree, MA, USA) supplemented with 10% fetal bovine serum (FBS; Gibco, Long Island,
NY, USA) and H. Pylori selective supplement (vancomycin = 10.0 mg/l, cefsulodin = 5.0
mg/l, trimethoprim = 5.0 mg/l, amphotericin B = 5.0 mg/l) (Oxoid, Hampshire, UK) and

maintained in humidified incubators at 37 °C under an atmosphere of 5% CO..

In vitro antibacterial activity was tested using the broth microdilution assay (Wikler, M. A.
Methods for dilution antimicrobial susceptibility tests for bacteria that grow aerobically:
approved standard. (Clinical and Laboratory Standards Institute, 2006). Experiments were
carried out in triplicate using Muller-Hinton broth (BD Biosciences, Franklin Lakes, NJ,
USA) supplemented with 10% FBS in 96-well plates (BD Biosciences) at a total assay
volume of 100 pL. Two-fold serial dilutions were prepared between the concentration
range 0.01-64 pg/mL. An initial bacterial inoculum was adjusted to OD600 = 0.06 and
incubated with test compounds at 37 °C for 3 days in humidified incubators under the 5%
CO2 atmosphere. OD600 was measured and the lowest concentration of

compound that inhibited bacterial growth was reported as the MIC.

The halogenated salicylanilides niclosamide, oxyclozanide, rafoxanide and closantel
inhibited the growth of H. Pylori strain 60190. More specifically, the minimum inhibitory
concentration (MIC) of niclosamide, oxyclozanide, rafoxanide, and closantel were 0.25,
2.0, 4.0 and 16 ug/mL, respectively (Table 1) and the minimum bactericidal concentration
(MBC) of niclosamide, oxyclozanide, rafoxanide, and closantel against H. Pylori were 0.5,
4.0, 8.0 and 16 ug/mL, respectively (Table 1). The MIC and MBC of amoxicillin and

clarithromycin were measured as comparators.
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Table 1

AR

Niclosamide was also tested against H. Pylori strains 49503, 43504 and 51932 using the
same method. The MIC (ug/mL) is shown in Table 2:

Table 2
Strain Niclosamide | Amoxicillin Clarithromycin
MIC (ng/mL) | MIC (ug/mL) MIC (ng/mL)
H. Pylori 49503 0.25 0.01 0.0025
H. Pylori 43504 0.125 0.03 0.005
H. Pylori 51932 0.5 0.01 0.005

Example 2: Time to Kill Assay

The MIC of niclosamide was the lowest of the halogenated salicylanilides tested (0.25
Hg/mL against strain 60190, see Table 1). Niclosamide was therefore tested time to Kill

assays were used to confirm the killing properties of niclosamide against H. Pylori.

Agar grown H. Pylori bacteria (strain 60190) were suspended in fresh Mueller Hinton Broth
(MHB) with 10% Fetal bovine serum (FBS) to a density of 10° cells/mL and placed into 10
mL tubes (BD Biosciences). Test compounds were then added at the 4x MIC and
incubated with agitation at 37 °C under microaerophilic conditions. Aliquots were
periodically drawn from the tubes, serially diluted and plated onto Brucella agar (BD
Biosciences) supplemented with 10% FBS. CFUs were counted after a 3-day incubation
and assays were carried

out in duplicate.
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Bacterial cells (10%/mL) exposed to the niclosamide at 4x MIC showed potent inhibition of
the bacterial cell division relative to DMSO controls (Figure 1) and shows that niclosamide
is bacteriostatic against H. Pylori. Of note, clarithromycin, a commonly prescribed antibiotic
for H. Pylori treatment, is also bacteriostatic (De Francesco et al. World journal of

gastrointestinal pathophysiology 2, 35 (2011)).

Example 3: Effect of pH on MIC

The broth microdilution assay described in Example 1 was used to demonstrate the
stability of niclosamide, amoxicillin and clarithromycin at low pH using MHB supplemented
with 10% FBS against H. Pylori (strain 60190). The pH was adjusted to acidic condition
with 1 N HCI. The minimal bactericidal concentration (MBC) was determined by plating 5
WL of broth culture from the MIC assay onto Muller-Hinton agar (BD Biosciences)
supplemented with 10% FBS. After 72 h, the lowest concentration at which colonies were

not observed was reported as the MBC.

The antibacterial potential of niclosamide did not change in acidic pH (tested between pH
7.0 10 5.2) (Fig. 2). The MIC of niclosamide in low pH remained the same as in neutral pH
(MIC 0.25 yg/mL) indicating that niclosamide is expected to retain activity in the low pH
environment of the gastric mucosa. In contrast, the MIC of the standard antibiotics

amoxicillin and clarithromycin increased at acidic pH.

Example 4: Multi-step Mutation Frequency

To determine whether H. Pylori can develop resistance against niclosamide, bacterial cells
were suspended in MHB with 10% FBS at ODeoo = 0.06 in the presence of serially diluted
niclosamide and incubated, as described in the antibiotic susceptibility assays sub-section.
The standard antibiotics amoxicillin and clarithromycin were used as controls. From the
highest drug concentration allowing visible growth at sub-MIC concentration, aliquots were
diluted (1:40) into fresh medium. These were used to inoculate the second set of serial
drug dilutions as described by Dalhoff et al. (Cliny infect Dis. 2001 Mar. 15, 32 Suppl.
1.818-22). After a 3-day incubation, H. Pylori bacteria (strain 60190) were passaged

sequentially over 30 days and the OD was recorded.

The MIC increased 2-fold for clarithromycin and amoxicillin, while that of niclosamide
remained constant through at least 10 passages (Figure 3). Similarly, the MIC to
amoxicillin and clarithromycin increased when H. Pylori bacteria were exposed to these
agents for more than 15 days and 24 days, respectively. More specifically, during

continuous passage with amoxicillin and clarithromycin, the MIC increased by 2-fold and 4-
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fold, respectively (Figure 3). In contrast the MIC to niclosamide remained unchanged,

indicating a low risk of emerging resistance to niclosamide during H. Pylori treatment.
Example 5: Niclosamide Inhibits Cellular Adhesion and Invasion of H. Pylori
Adhesion

The AGS (Gastric adenocarcinoma cell lines) cell line was used to examine inhibition of
adhesion and invasion of H. Pylori (strain 60190) by niclosamide, as described by
Schmitt et al.( Front Cell Infect Microbiol. 2013; 3:93). The AGS cells were grown in
Dulbecco's Modified Eagle Medium (DMEM, ex. Gibco), supplemented with 10% fetal
bovine serum (Gibco) and 1% penicillin/streptomycin (Gibco) and maintained at 37 °C in
5% CO.. Then, 5 x 10° cells in antibiotic and serum-free DMEM were seeded in 6-well
plates 24 hours prior to infection. H. Pylori bacteria at a multiplicity of infection (MOI) =100
were added and allowed to adhere to the surface of the AGS cells. Planktonic bacteria
were removed after 2 hours and DMEM with niclosamide (2x MIC) was then added to the
wells containing the AGS. The mammalian cells were lysed by 0.1% saponin after

20 hours of incubation and the adhered bacteria were then serially diluted, plated in
Brucella agar supplemented with 10% FBS, and incubated as described above. A control
arm of DMSO and a comparator using amoxicillin at a concentration of 0.1 ug/mL

(10xMIC) was also assessed.

After incubation the administrated concentration of niclosamide eliminated the adhered
bacteria and reduced CFU/mL counts by 3-logio. Amoxicillin eliminated bacterial adhesion

completely (Figure 4A).
Invasion

To determine the effect of niclosamide on invasion a gentamicin protection assay was
performed in which AGS cells infected with H. Pylori as described in the adhesion assay
above, were treated with DMEM supplemented with 200 pg/mL gentamicin and incubated
for 1.30 hours to eliminate extracellular bacteria. Antibiotic and serum-free DMEM with and
without test compounds were added and incubated in 5% CO: for 20 hours. Cell lysate
preparation, plating, and incubation were carried out as described in the adhesion assay.

Assays were carried out in triplicate.

Niclosamide (2x MIC, 0.5 uyg/mL) reduced 3-logic CFU in AGS cell lines. Amoxicillin

(concentration 0.1 ug/mL) eliminated bacteria completely (Figure 4B).

An apparent contradiction was observed between the killing kinetics and adhesion/invasion
assays. Niclosamide appeared bacteriostatic during the killing kinetics (Example 3) and
bactericidal during adhesion/invasion assays (Example 6). Without wishing to be bound by

theory it is hypothesized that the variance in the efficacy of niclosamide could be due to a
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difference in bacterial cell concentration in these assays. The density of bacterial inoculum
in the adhesion/invasion assays was lower than the time-to-kill assay. Mirshahi et al. (J.
Clin. Pathol. 1998 Mar; 51(3):220-4) observed similar behaviour with the PPl omeprazole,
which also appears bacteriostatic in high density and bactericidal in a low density of H.

Pylori bacteria.
Example 6: Inhibition of IL-8 secretion

Real-Time (RT-PCR) was carried out to determine whether niclosamide has an inhibitory
role in IL-8 secretion. MKN-28 cells were co-cultured with H. Pylori (MOl = 100) in the
presence or absence of a test compound. At 24 hours, RNA was isolated from the infected
host cells. cDNA was synthesized using the Verso cDNA (Invitrogen) synthesis kit
according to manufacturer instructions. Quantitative real-time reactions were carried out in
a Bio-Rad iTaq universal SYBR (Bio-Rad, Hercules, CA USA) one-step kit and a CFX98
real-time PCR cycler as described by Zheng et al. (Future Med. Chem. 2018, Feb;
10(3):283-296). The relative gene expression was calculated from Cq values using a
AACq method. The real time PCR primers used in the |L-8 secretion study are shown in
Table 3.

Figure 4C shows that niclosamide treatment (4x MIC, 1.0 yg/mL) during a 24 hour
incubation period inhibited IL-8 secretion in H. Pylori (MOI = 50) infected MKN-28 cells.
Amoxicillin (10X MIC) also inhibited IL-8 secretion.

Table 3
Frimer Helevand seguenre Sfxe Aeaplificatien  Anuealing Refersnesg ‘
oyeles {emparuinre
wicd ¥ FAAAGACAAGAAGAS ity 3 28 RIN
vaes-B FUOCAGHTARASGIBICCATOAA Y
SofEF FATGGCATTATTATIONC A ¥ B 246 R
seif-R I HTTCOATAAGOATIAATGIRG &
BeadeFlae PR Primrs
H.8-F AT AL AOT AT TS AL TG A3 43 st
(L 8-H FEMTCUTOTE AT LA GTY T
IR FRNAF S ¥
18 rRMA-R
References:
51. Tharmalingam, N. ef al. Piperidine treatment suppresses Helicobacter pylori toxin entry in

to gastric epithelium and minimizes R-catenin mediated oncogenesis and |L-8 secretion in vitro. American
Journal of translational research 8, 885 (2016).
63. Boonjakuakul, J. K., Canfield, D. R. & Solnick, J. V. Comparison of Helicobacter pylori
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virulence gene expression in vitro and in the Rhesus macaque. /nfection and immunity 73,

4895-4904 (2005).

64 Tsai, K.-W. et al. Difference in the regulation of IL-8 expression induced by uropathogenic E. coli
between two kinds of urinary tract epithelial cells. Journal of biomedical science 16, 91 (2009).

Example 7: Synergy Studies

Antibacterial synergy was tested using the checkerboard assay using the method
described in Zheng Z et al. (Antimicrob. Agents Chemother. 2017 Jul; 61(7)).

Niclosamide was combined with antibiotics and proton pump inhibitors (PPIs). Cultures

of H. Pylori (strain 60190) were adjusted to ODsoo = 0.06 and added to compound pairs that
had been serially diluted in the same 96-well plates, vertically for one compound and
horizontally for the other. Assays were carried out in triplicate as described in the
antibacterial susceptibility assay described above. The combinatorial inhibitory

concentration was indicated by the fractional inhibitory concentration index (FICI):
FICI = MICa combination/MIC alone + MICg combination/MICg alone

Paired combinations of compounds and their observed FICI are listed in Table 4.
Synergistic activity, where the combined antibacterial effect of the 2 antimicrobial agents is
more than the sum of their effects alone, is defined by FICI 0.5, antagonism by FICI >4.0
and ‘no interaction’ by FICI > 0.5—4.0.

Table 4

FICI value of niclosamide with test compound.

Test compound | FICI value Niclosamide

Amoxicillin 2.0

Clarithromycin 1.0

Omeprazole 0.625
Metronidazole 0.75

Pantoprazole 0.75

Niclosamide is partially synergistic with metronidazole. Niclosamide is also partially
synergistic with the PPls omeprazole and pantoprazole tested. Taken together, the
Examples herein indicate that niclosamide is highly active against H. Pylori in acidic pH

and is also partially synergistic with PPls such as omeprazole and pantoprazole. As such
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niclosamide is expected to be effective as a monotherapy or in combination with a PPI

and/or metronidazole in the treatment or prevention of H. Pylori infections.

Example 8: Effect of Niclosamide on H. Pylori VacA Toxin Expression and H. Pylori

Mediated Vacuolation

Light microscopy imaging for vacuolation

H. Pylori bacteria secrete VacA toxin via a type V secretion system (Galmiche et al. Gut
Microbes. 2010 Nov-Dec; 1(6):392-5. 44). This toxin binds to host gastric epithelial cells
and its internalization leads to vacuolation, characterized by the accumulation of large

vacuoles in gastric epithelial cells during the infection process.

AGS cells were harvested and seeded into a 6 well plate at a concentration of 5 x 10° cells,
24 h before experimentation. H. Pylori bacteria (strain 60190) were harvested and washed
with sterile PBS and co-cultured with AGS at a MOI of 100. After incubation for 24 h, the

cells were washed, magnified under a microscope, and examined for vacuolation.

Results revealed that sub-MIC (0.2 ug/mL) of niclosamide prevented vacuolation as
illustrated in Figure 5 A-D. (A) AGS alone; (B) AGS treated with niclosamide; (C) AGS cells

infection with H. Pylori; (D) AGS cells cocultured with H. Pylori and niclosamide.

RT-PCR study on VacA toxin expression

To determine the effect of niclosamide on H. Pylori VacA toxin expression, bacteria grown
on agar were suspended in Brucella broth supplemented with 10% FBS (ODeoo = 0.06) in
dilutions of niclosamide (0, 100, 150, or 200 ng/mL) and incubated for 3 days (analogous
to the method described in De Kimpe et al. Proc. Natl. Acad. Sci. USA, 1995 Oct 24;
92(22):10359-63). After 3 days, the bacteria were washed and treated with TRIZOL
(Invitrogen, Carlsbad, CA, USA), and the RNA concentration was determined using a
NanoVue Plus spectrophotometer (GE Healthcare, Fairfield, CT, USA). PCR amplifications
were performed, and the products were analysed by gel electrophoresis (1.0% agarose)
containing SYBR® Safe (Invitrogen). Gel images were captured and analysed using the

Quantity One System.

Results indicate that at the sub-MIC level of 200 ng/mL, niclosamide downregulates VacA

expression compared to the housekeeping gene rpoB (Figure 5E).
Example 9: In vivo efficacy of niclosamide in the Galleria mellonella model

Assays were performed as described by Giannouli et al. (BMC Microbiol. 2014 Aug 27,
14:228), an alternative model host for the evaluation of antimicrobial agents against H.

Pylori infection.
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Twelve randomly selected G. mellonella larvae (Vanderhorst, Inc., St. Mary’s, OH, USA)
between 300—-350 mg were used for each group in the experiment. H. Pylori cells were
washed with PBS and diluted to ODsosoc nm = 0.3, before inoculation into G.

mellonella larvae. A 10 uL inoculum was injected into the last left proleg using a 10 uL
Hamilton syringe. After 2 hours, compounds were administered at into the last right proleg
and the wax moths were incubate at 37 °C. Niclosamide was administered at a
concentration of 25 mg/kg. Clarithromycin administered at a concentration of 10 mg/kg was
used as a comparator. Three control groups were included (1) injected with PBS only; (2)
inoculated with H. Pylori but treated with sham injections; and (3) no manipulation. G.
mellonella survival was evaluated up to 120 hours. The surviving larvae were monitored
every 24 hours and were considered dead if they were unresponsive to external stimuli
(touch). Killing curves and differences in survival were analysed by the Kaplan-Meier
method using GraphPad Prism version 6.04 (GraphPad Software, La Jolla, CA, USA).

Statistical analysis (Kruskal-Wallis test) was carried out using the same program.

About 60% of wax-moth survived up to 120 hours in the niclosamide treated group (25

mg/kg) as illustrated in the survival curve of Figure 6.
Example 10: Niclosamide inhibits H. Pylori motility at sub-MIC concentrations

Initial colonization of the stomach mucosa by H. Pylori is associated with the motility of
bacteria (Ottemann et al. Infect Immun. 2002 Apr; 70(4):1984-90). To evaluate the effects
of niclosamide on H. Pylori motility, a motility assay was performed as described in
Suerbaum et al. (J. Bacteriol. 1993 Jun; 175(11):3278-88). Brucella agar with 10% FBS
was prepared in 2 layers. The bottom layer contained pre-casted 1.5% agar and the softer
top layer was comprised of 0.4% agar and niclosamide (75, 100, 150 or 200 ng/mL). Agar-
grown H. Pylori cells (strain 60190) were sliced and the densely grown H. Pylori agar slice
was placed facing up towards the soft layer and incubated as described in bacteria and
mammalian cell culture subsection of Tharmalingam et al. (Infect Agent Cancer. 2014,
9(1):43).

H. Pylori motility decreased in a dose-dependent manner with the concentration of
niclosamide (from 0.10 to 0.20 yg/mL). The swarming movement of H. Pylori bacteria
decreased gradually with the concentration of niclosamide. At sub-MIC (0.2 ug/mL)

concentrations, the motility was abated (Figures 7 A-E).

To study further the decreased motility, the morphology of H. Pyiori bacteria under a
scanning electron microscope (SEM) in the presence or absence of niclosamide was

investigated.
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H. Pylori bacteria were suspended in Brucella broth with 10% FBS in the presence or
absence or niclosamide (1x,4x,8x MIC) for 2 hours under microaerophilic conditions with
agitation. After 2 hours, the bacterial cells were harvested and adhered to coverslips using
a 1% poly-L-lysine (Sigma-Aldrich) solution. Then, cells were fixed in a 5% glutaraldehyde
(Sigma-Aldrich), 4% paraformaldehyde (Sigma-Aldrich), 0.1 M sodium cacodylate (Sigma-
Aldrich) solution. After fixation, the cells were washed in a 0.1 M sodium cacodylate buffer
and dehydrated by immersion in increasing concentration of ethanol (from 30 to 100%).
The critical point drying method (CPD) was applied to dehydrate the samples, the
coverslips were mounted on aluminium stubs, and then sputter coated with gold (Emitech
K550, Ashford, Kent, UK). Images were taken on a Hitachi 2700 Scanning electron

microscope.

The untreated H. Pyiori cells were helically shaped, had intact membrane surface, and
possessed well-formed bacterial flagella (Figure 8 A-B). However, niclosamide-treated H.
Pyilori cells became short bacilli and the morphology changed in a dose-dependent manner
(Figure 8 C-H). The helical shape of the bacterium was shortened at 1x MIC (Figure 8 C,
D) and appeared to become Cocco-bacillary (Figure 8 E-H) at 4x and 8x MIC. The
amoxicillin (0.1 yg/mL (10xMIC), Figure 8 1, J) and CCCP (10 uM, Figure 8 K and L)
compared to the untreated control groups (Figure 8, A, B) and also exhibited
morphological changes and decreased cell size. Interestingly, treatment with niclosamide
caused flagellar deformation, similar to that reported by Zhang ef al. (J. irnmuncl. 2816
Feb 15, 196(4).17859-808) after exposure to the antimicrobial peptide cathelicidin. This

effect in the bacterial flagella may explain the effects of niclosamide in H. Pylori motility.
Example 11: In-Vivo Study

The effect of a halogenated salicylanilide, for example niclosamide, against . pyiod may
be assessed in the Mongolian gerbll (Meriones unguicufatus) model as described in Noto,
et al., The Mongolian Gerbil: a robust model of Helicobacter pylori-induced gastric
inflammation and cancer, in Gastrointestinal Physiology and Diseases. 2016, Springer. p.
263-280.

The effect of the halogenated salicylanilide alone or in combination with an antibiotic (for
example, clarithromycin or amoxicillin and/or a PPI (e.g. omeprazole) against H. Pylori
infection in the animal, may be assessed as illustrated in the flow chart of Figure 9. In this
study the active agents can be administered to 6-week old male Mongolian gerbils orally

by gavage.
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CLAIMS

A method for the prevention or treatment of a disease or infection caused by or
associated with H. Pylori in a subject infected with H. Pylori, the method comprising
orally administering to the subject an effective amount of a halogenated

salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

The method of claim 1, wherein the subject is not treated concurrently with a

proton pump inhibitor.

The method of claim 1, wherein the subject is not treated concurrently with any

other antibiotic.

The method of claim 1, wherein the subject is not treated concurrently with a proton

pump inhibitor or any other antibiotic.

A method for the prevention or treatment of a disease or infection caused by or
associated with H. Pylori in a subject infected by H. Pylori , the method comprising
orally administering to the subject an effective amount of a halogenated
salicylanilide, or a pharmaceutically acceptable salt or solvate thereof, concurrently

with an effective amount of a proton pump inhibitor.

The method of claim 5, wherein the proton pump inhibitor is a benzimidazole or
azabenzimidazole derivative, for example wherein the PPl is selected from:
omeprazole, hydroxyomeprazole, esomeprazole, lansoprazole, dexlansoprazole,
pantoprazole, rabeprazole, tenatoprazole, and leminoprazole, or a

pharmaceutically acceptable salt, or solvate thereof.

The method of claim 5, wherein the proton pump inhibitor is selected from
omeprazole and pantoprazole, or a pharmaceutically acceptable salt, or solvate

thereof.

The method of claim 5, wherein the subject to be treated has not been previously
treated with a PPI, the method comprising orally administering an effective amount
of the halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof; and following eradication of the H. Pylori infection, administering to the

subject an effective amount of a proton pump inhibitor (PPI).

A method for the prevention or treatment of a disease or infection caused by or
associated with H. Pylori in a subject infected with H. Pylori, the method comprising

orally administering to the subject an effective amount of a halogenated
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salicylanilide, or a pharmaceutically acceptable salt or solvate thereof, concurrently

with an effective amount of a nitroimidazole antibiotic.

The method of claim 9, wherein the nitroimidazole antibiotic is metronidazole, or a

pharmaceutically acceptable salt thereof.

The method of claim 9 or claim 10, wherein the subject is treated concurrently with

a proton pump inhibitor.

A method for eradicating a H. Pylori infection in a subject with a disease or infection
caused by or associated with H. Pylori, the method comprising orally administering
to the subject an effective amount of a halogenated salicylanilide, or a

pharmaceutically acceptable salt or solvate thereof.

The method of claim 12, wherein the subject is not treated concurrently with a

proton pump inhibitor.

The method of claim 12, wherein the subject is not treated concurrently with any

other antibiotic.

The method of claim 12, wherein the subject is not treated concurrently with a

proton pump inhibitor or any other antibiotic.

The method of any one of claims 1 to 15, wherein the disease or infection caused
by or associated with H. Pylori is selected from: dyspepsia, gastritis, peptic ulcer
disease, premalignant gastric lesions, gastric cancer and gastric mucosa-

associated lymphoid tissue (MALT) lymphoma.

The method of any one of claims 1 to 15, wherein the disease or infection caused
by or associated with H. Pylori is an extra-gastric condition selected from: iron-
deficiency anaemia, idiopathic thrombocytopenic purpura (ITP) and vitamin B12

deficiency.

A method for eradicating a H. Pylori infection in a subject, the method comprising
orally administering to the subject an effective amount of a halogenated

salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

The method of any one of claims 1 to 18 wherein the treatment inhibits invasion of

H. Pylori into gastric epithelial cells.

The method of any one of claims 1 to 19, wherein the treatment reduces or

eliminates intracellular H. Pylori from gastric epithelial cells.

The method of any one of claims 1 to 20, wherein the treatment inhibits the

adhesion of H. Pylori to gastric epithelial cells.
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The method of any one of claims 1 to 21, wherein the treatment reduces or

eliminates H. Pylori adhered to gastric epithelial cells.

The method of any one of claims 1 to 22, wherein the treatment inhibits H. Pylori

mediated vacuolation of gastric epithelial cells.

A method for eradicating a H. Pylori infection in a subject, wherein the subject has
a premalignant gastric epithelial lesion, the method comprising orally administering
to the subject an effective amount of a halogenated salicylanilide, or a

pharmaceutically acceptable salt or solvate thereof.

The method of claim 24, wherein the premalignant gastric epithelial lesion is gastric

epithelial dysplasia.

A method for treating or preventing atrophic gastritis in a subject infected with H.
Pylori, the method comprising orally administering to the subject an effective
amount of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof, wherein the method reduces H. Pylori induced IL-8 secretion in the

subject.

A halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof, for use in a method for the prevention or treatment of a disease or infection
caused by or associated with H. Pylori in a subject infected with H. Pylori, the
method comprising orally administering to the subject an effective amount of the

halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

The halogenated salicylanilide for the use of claim 27, wherein the subject is not

treated concurrently with a proton pump inhibitor.

The halogenated salicylanilide for the use of claim 27, wherein the subject is not

treated concurrently with any other antibiotic.

The halogenated salicylanilide for the use of claim 27, wherein the subject is not

treated concurrently with a proton pump inhibitor or any other antibiotic.

A halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof, for use in a method for the prevention or treatment of a disease or infection
caused by or associated with H. Pylori in a subject infected by H. Pylori , the
method comprising orally administering to the subject an effective amount of the
halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof,

concurrently with an effective amount of a proton pump inhibitor.

The halogenated salicylanilide for the use of claim 31, wherein the proton pump

inhibitor is a benzimidazole or azabenzimidazole derivative, for example wherein
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the PPl is selected from: omeprazole, hydroxyomeprazole, esomeprazole,
lansoprazole, dexlansoprazole, pantoprazole, rabeprazole, tenatoprazole, and

leminoprazole, or a pharmaceutically acceptable salt, or solvate thereof.

The halogenated salicylanilide for the use of claim 31, wherein the proton pump
inhibitor is selected from omeprazole and pantoprazole, or a pharmaceutically

acceptable salt, or solvate thereof.

The halogenated salicylanilide for the use of claim 31, wherein the subject to be
treated has not been previously treated with a PPI, the method comprising orally
administering an effective amount of the halogenated salicylanilide, or a
pharmaceutically acceptable salt or solvate thereof; and following eradication of the
H. Pylori infection, administering to the subject an effective amount of a proton

pump inhibitor.

A halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof, for use in a method for the prevention or treatment of a disease or infection
caused by or associated with H. Pylori in a subject infected with H. Pylori, the
method comprising orally administering to the subject an effective amount of the
halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof,

concurrently with an effective amount of a nitroimidazole antibiotic.

The halogenated salicylanilide for the use of claim 35, wherein the nitroimidazole

antibiotic is metronidazole, or a pharmaceutically acceptable salt thereof.

The halogenated salicylanilide for the use of claim 35 or claim 36, wherein the

subject is treated concurrently with a proton pump inhibitor.

A halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof, for use in a method for eradicating a H. Pylori infection in a subject with a
disease or infection caused by or associated with H. Pylori, the method comprising
orally administering to the subject an effective amount of the halogenated

salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

The halogenated salicylanilide for the use of claim 38, wherein the subject is not

treated concurrently with a proton pump inhibitor.

The halogenated salicylanilide for the use of claim 38, wherein the subject is not

treated concurrently with any other antibiotic.

The halogenated salicylanilide for the use of claim 38, wherein the subject is not

treated concurrently with a proton pump inhibitor or any other antibiotic.



10

15

20

25

30

WO 2020/176067 PCT/US2019/019352

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

71

The halogenated salicylanilide for the use of any one of claims 27 to 41, wherein
the disease or infection caused by or associated with H. Pyilori is selected from:
dyspepsia, gastritis, peptic ulcer disease, premalignant gastric lesions, gastric

cancer and gastric mucosa-associated lymphoid tissue (MALT) lymphoma.

The halogenated salicylanilide for the use of any one of claims 27 to 41, wherein
the disease or infection caused by or associated with H. Pylori is an extra-gastric
condition selected from: iron-deficiency anaemia, idiopathic thrombocytopenic

purpura (ITP) and vitamin B12 deficiency.

A halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate

thereof, for use in a method for eradicating a H. Pylori infection in a subject.

The halogenated salicylanilide for the use of any one of claims 27 to 44, wherein

the treatment inhibits invasion of H. Pylori into gastric epithelial cells.

The halogenated salicylanilide for the use of any one of claims 27 to 45, wherein
the treatment reduces or eliminates intracellular H. Pylori from gastric epithelial

cells.

The halogenated salicylanilide for the use of any one of claims 27 to 46, wherein

the treatment inhibits the adhesion of H. Pylori to gastric epithelial cells.

The halogenated salicylanilide for the use of any one of claims 27 to 47, wherein

the treatment reduces or eliminates H. Pylori adhered to gastric epithelial cells.

The halogenated salicylanilide for the use of any one of claims 27 to 48, wherein

the treatment inhibits H. Pylori mediated vacuolation of gastric epithelial cells.

A halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof, for use in a method for the eradication of a H. Pylori infection in a subject,
wherein the subject has a premalignant gastric epithelial lesion, the method
comprising orally administering to the subject an effective amount of a halogenated

salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

The halogenated salicylanilide for the use of claim 50, wherein the premalignant

gastric epithelial lesion is gastric epithelial dysplasia.

A halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof, for use in a method for treating or preventing atrophic gastritis in a subject
infected with H. Pylori, wherein the halogenated salicylanilide, or a
pharmaceutically acceptable salt or solvate thereof is orally administered to the
subject, and wherein the method reduces H. Pylori induced IL-8 secretion in the

subject.
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Use of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof, for the manufacture of a medicament for the prevention or
treatment of a disease or infection caused by or associated with H. Pyloriin a
subject infected with H. Pylori, wherein the halogenated salicylanilide, or a
pharmaceutically acceptable salt or solvate thereof is orally administering to the

subject.

The use of claim 53, wherein the subject is not treated concurrently with a proton

pump inhibitor.

The use of claim 53, wherein the subject is not treated concurrently with any other

antibiotic.

The use of claim 53, wherein the subject is not treated concurrently with a proton

pump inhibitor or any other antibiotic.

Use of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof, for the manufacture of a medicament for the prevention or
treatment of a disease or infection caused by or associated with H. Pyloriin a
subject infected by H. Pylori , wherein the halogenated salicylanilide, or a
pharmaceutically acceptable salt or solvate thereof is orally administering to the

subject, concurrently with an effective amount of a proton pump inhibitor.

The use of claim 57, wherein the proton pump inhibitor is a benzimidazole or
azabenzimidazole derivative, for example wherein the PPl is selected from:
omeprazole, hydroxyomeprazole, esomeprazole, lansoprazole, dexlansoprazole,
pantoprazole, rabeprazole, tenatoprazole, and leminoprazole, or a

pharmaceutically acceptable salt, or solvate thereof.

The use of claim 57, wherein the proton pump inhibitor is selected from omeprazole

and pantoprazole, or a pharmaceutically acceptable salt, or solvate thereof.

The use of claim 57, wherein the subject to be treated has not been previously
treated with a PPI, and wherein the halogenated salicylanilide, or a

pharmaceutically acceptable salt or solvate thereof is orally administered to the
subject and following eradication of the H. Pylori infection, administering to the

subject the proton pump inhibitor.

Use of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof, for the manufacture of a medicament for the prevention or
treatment of a disease or infection caused by or associated with H. Pyloriin a

subject infected with H. Pylori, wherein the halogenated salicylanilide, or a
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pharmaceutically acceptable salt or solvate thereof is orally administered to the

subject, concurrently with a nitroimidazole antibiotic.

The use of claim 61, wherein the nitroimidazole antibiotic is metronidazole, or a

pharmaceutically acceptable salt thereof.

The use of claim 61 or claim 62, wherein the subject is treated concurrently with a

proton pump inhibitor.

Use of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof, for the manufacture of a medicament for eradicating a H. Pylori
infection in a subject with a disease or infection caused by or associated with H.
Pylori, wherein the halogenated salicylanilide, or a pharmaceutically acceptable salt

or solvate thereof is orally administered to the subject.

The use of claim 64, wherein the subject is not treated concurrently with a proton

pump inhibitor.

The use of claim 64, wherein the subject is not treated concurrently with any other

antibiotic.

The use of claim 64, wherein the subject is not treated concurrently with a proton

pump inhibitor or any other antibiotic.

The use of any one of claims 53 to 67, wherein the disease or infection caused by
or associated with H. Pylori is selected from: dyspepsia, gastritis, peptic ulcer
disease, premalignant gastric lesions, gastric cancer and gastric mucosa-

associated lymphoid tissue (MALT) lymphoma.

The use of any one of claims 53 to 67, wherein the disease or infection caused by
or associated with H. Pylori is an extra-gastric condition selected from: iron-
deficiency anaemia, idiopathic thrombocytopenic purpura (ITP) and vitamin B12

deficiency.

Use of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof for the manufacture of a medicament for eradicating a H. Pylori
infection in a subject, the method comprising orally administering to the subject the

halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

The use of any one of claims 53 to 70, wherein the treatment inhibits invasion of H.

Pylori into gastric epithelial cells.

The use of any one of claims 53 to 71, wherein the treatment reduces or eliminates

intracellular H. Pylori from gastric epithelial cells.
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The use of any one of claims 53 to 72, wherein the treatment inhibits the adhesion

of H. Pylori to gastric epithelial cells.

The use of any one of claims 53 to 73, wherein the treatment reduces or eliminates

H. Pyilori adhered to gastric epithelial cells.

The use of any one of claims 53 to 74, wherein the treatment inhibits H. Pylori

mediated vacuolation of gastric epithelial cells.

Use of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof, for the manufacture of a medicament for the eradication of a H.
Pylori infection in a subject, wherein the subject has a premalignant gastric
epithelial lesion, and wherein the halogenated salicylanilide, or a pharmaceutically

acceptable salt or solvate thereof is orally administered to the subject.

The use of claim 76, wherein the premalignant gastric epithelial lesion is gastric

epithelial dysplasia.

Use of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof, for the manufacture of a medicament for treating or preventing
atrophic gastritis in a subject infected with H. Pylori, wherein the halogenated
salicylanilide, or a pharmaceutically acceptable salt or solvate thereof is orally
administered to the subject, and wherein the treatment or prevention reduces H.

Pylori induced IL-8 secretion in the subject.

The method, the halogenated salicylanilide for the use, or the use according to any

one of claims 1 to 78, wherein the halogenated salicylanilide is of the formula (I):

(R?)p

(R")n o RS

ORS
(Ra)t/

wherein

XisOorS;

R" and R? are at each occurrence independently selected from halo;

R® and R* are at each occurrence independently selected from H, C1.s alkyl, -OR”", -NO,
and -CN;

R5is H or-L'-R";
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R®is H or -C(O)R”?;
L' is selected from a bond, O, S, or -(CR**RB).-, wherein o is 1 or 2;

R7 is phenyl, unsubstituted or substituted with 1, 2, or 3 groups selected from halo, C+.4
alkyl, -OR”* -NO; and —CN;

RAT RA2 RA and R** are at each occurrence independently selected from H and C+.4 alkyl;
RB is at each occurrence selected from H, C+.4 alkyl and =CN;

n and p are each independently selected from 0, 1, 2, 3 or 4, with the proviso that n+p is at

least 1; and
t and v are independently selected from 0, 1 and 2;
or a pharmaceutically acceptable salt, or solvate thereof.

80. The method, the halogenated salicylanilide for the use, or the use according to any
one of claims 1 to 78, wherein the halogenated salicylanilide is selected from: the group
consisting of: niclosamide, closantel, oxyclozanide, rafoxanide, or a pharmaceutically

acceptable salt or solvate thereof.

81. The method, the halogenated salicylanilide for the use, or the use according to any
one of claims 1 to 78, wherein the halogenated salicylanilide is selected from: the group
consisting of: niclosamide and oxyclozanide, or a pharmaceutically acceptable salt or

solvate thereof.

82. The method, the halogenated salicylanilide for the use, or the use according to any
one of claims 1 to 78, wherein the halogenated salicylanilide is niclosamide, or a

pharmaceutically acceptable salt or solvate thereof.

83. The method, the halogenated salicylanilide for the use, or the use according to any
one of claims 1 to 78, wherein the H. Pylori is resistant to an antibiotic other than the

halogenated salicylanilide.

84. The method, the halogenated salicylanilide for the use, or the use according to any
one of claims 1 to 83, wherein the H. Pylori is resistant to an antibiotic selected from:
clarithromycin, amoxicillin, tetracycline, doxycycline, a nitroimidazole, fluoroquinolone,

rifabutin, levofloxacin and ciprofloxacin.

85. The method, the halogenated salicylanilide for the use, or the use according to any

one of claims 1 to 84, wherein the H. Pylori expresses CagA.

86. The method, the halogenated salicylanilide for the use, or the use according to any

one of claims 1 to 85, wherein the H. Pylori expresses VacA.
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87. The method, the halogenated salicylanilide for the use, or the use according to any

one of claims 1 to 86, wherein the subject is a human.

88. A method for the prevention or treatment of a disease or infection caused by or
associated with Helicobacter Spp. in a subject infected with Helicobacter Spp., the method
comprising orally administering to the subject an effective amount of a halogenated

salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

89. A halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof, for use in a method for the prevention or treatment of a disease or infection
caused by or associated with Helicobacter Spp. in a subject infected with Helicobacter
Spp., the method comprising orally administering to the subject an effective amount of a

halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

90. Use of a halogenated salicylanilide, or a pharmaceutically acceptable salt or
solvate thereof, for the manufacture of a medicament for the prevention or treatment of a
disease or infection caused by or associated with Helicobacter Spp. in a subject infected
with Helicobacter Spp., wherein the halogenated salicylanilide, or a pharmaceutically

acceptable salt or solvate thereof is orally administered to the subject.

91. The method, the halogenated salicylanilide for the use, or the use according to any
one of claims 88 to 90, wherein the subject is a non-human animal, for example a

companion animal such as a cat or a dog.

92. A method for eradicating a Helicobacter Spp. infection in a subject with a disease
or infection caused by or associated with Helicobacter Spp., the method comprising orally
administering to the subject an effective amount of a halogenated salicylanilide, or a

pharmaceutically acceptable salt or solvate thereof.

93. A halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof, for use in a method for eradicating a Helicobacter Spp. infection in a subject with a
disease or infection caused by or associated with Helicobacter Spp., the method
comprising orally administering to the subject an effective amount of a halogenated

salicylanilide, or a pharmaceutically acceptable salt or solvate thereof.

94. Use of halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate
thereof for the manufacture of a medicament for eradicating a Helicobacter Spp. infection
in a subject with a disease or infection caused by or associated with Helicobacter Spp.,
wherein the halogenated salicylanilide, or a pharmaceutically acceptable salt or solvate

thereof is orally administered to the subject.
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95. The method, the halogenated salicylanilide for the use, or the use according to any
one of claims 92 to 94, wherein the subject is a non-human animal, for example a

companion animal such as a cat or a dog.

96. The method, the halogenated salicylanilide for the use, or the use according to any
one of claims 1 to 95, wherein the subject is not treated concurrently with an agent that

increases the permeability of a bacterial cell membrane.

97. The method, the halogenated salicylanilide for the use, or the use according to any

one of claims 1 to 96, wherein the subject is not treated concurrently with a bicarbonate.
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