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Helicobacter pylori

 

 is the principal cause of peptic ulcer disease and an important
risk factor for the development of gastric cancer. The efficacy of 1 week triple
therapies, which often have eradication rates of 

 

>

 

 90%, is undermined by poor
patient compliance and bacterial antimicrobial resistance. The development of new
anti-

 

H. pylori

 

 therapies presents enormous challenges to clinical pharmacologists, not
only in the identification of novel targets, but also in ensuring adequate drug
delivery to the unique gastric mucus niche of 

 

H. pylori

 

. Animal models of 

 

H. pylori

 

infection have been developed but their clinical validity has yet to be established.
Vaccination, to prevent or treat infection, has been demonstrated in animal models,
but human studies have not been so encouraging.
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Introduction

 

Helicobacter pylori

 

 is a small, curved highly motile gram
negative bacillus which only infects the mucus layer of
the human stomach [1, 2]. Since the discovery in 1984
that this bacteria was associated with gastritis and peptic
ulcer, it is recognized as being highly prevalent but this
varies with age and socio-economic status [3, 4]. Infec-
tion is mainly acquired in childhood and is usually
asymptomatic [5]. However in about 15–20% of subjects
long-term infection can lead to peptic ulcer or gastric
cancer [6, 7]. The outcome of infection depends mainly
on the severity and topography of histological gastritis:
infection in infancy leads to pan-gastritis, whilst later
acquisition leads to an antral predominant gastritis. With
the latter an undamaged gastric corpus secretes a high
acid load, which on reaching the duodenum causes
duodenal gastric metaplasia. This is then colonized by 

 

H.
pylori

 

 leading to duodenitis and duodenal ulcer. In con-
trast, pangastritis, with an inflamed corpus, is associated
with the loss of acid secretion which leads to atrophic
gastritis and an increased risk of gastric ulcer or cancer
[8, 9]. The interaction between specific microbial viru-
lence factors, such as the cag pathogenicity island [10]
which encodes for a Type II secretory system, and host
genetic factors [11, 12], such as pro-inflammatory geno-
types (e.g. isoforms of interleukin

 

-

 

1

 

b

 

, interleukin

 

-

 

1

 

b

 

receptor antagonist), are the main determinants of the
pattern and severity of gastritis [13–15].

 

Current status of drug treatment: who to treat

 

Peptic ulcer disease (PUD)

 

Eradication of 

 

H. pylori

 

 in patients with duodenal or
gastric ulcer disease cures the disease and prevents relapse
[16–20]. Since 1994 the National Institutes of Health and
other national specialist organizations have recommended
treatment for all infected patients with ulcers [6]. Con-
sequently the prevalence of 

 

H. pylori

 

 associated PUD
appears to be falling (at least in developed countries),
which, since PUD is the main indication for current
licensed treatments, may impair the recruitment of
patients with PUD into Phase II clinical trials. Despite
considerable research efforts, it remains unclear whether

 

H. pylori

 

 eradication should also be undertaken in
infected patients found to have PUD whilst taking non-
steroidal anti-inflammatory drugs (NSAIDs) or aspirin
[21–24]. However NSAIDs and aspirin are widely and
increasingly being prescribed, and are also the common-
est cause of upper gastrointestinal bleeding (often from
ulcers). Thus if eradicating coexisting 

 

H. pylori

 

 was con-
clusively shown to reduce the risk of bleeding ulcers in
patients taking NSAIDs, a sizeable proportion of the
adult population would need eradication therapy.

 

Nonulcer dyspepsia (NUD)

 

Attempts to study the role of 

 

H. pylori

 

 in NUD have
been plagued by the clinical heterogeneity of patients’
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symptoms, patterns of specialist referral and the large
placebo response [25, 26]. Previously many studies were
poorly designed with inadequate blinding of patients and
investigators, small sample size and lack of appropriate
control groups. However several recent meta-analyses
have suggested that there is a small benefit, with a num-
bers needed to treat (NNT) of 15, but which may be
due to eradication of infection in patients with an under-
lying ulcer diathesis [27–29].

 

Patients with MALTOMA

 

The immune response to 

 

H. pylori

 

 can become deregulated
and may rarely lead to the development of MALTOMA,
a type of low grade B cell lymphoma. However eradication
of 

 

H. pylori

 

 may reverse the changes with complete
resolution of the lymphocytic infiltration [30, 31].

 

Patients at risk of gastric cancer

 

The IARC have classified 

 

H. pylori

 

 as a Type 1 carcino-
gen [7]. Cure of histological gastritis, the immunological-
inflammatory response to 

 

H. pylori

 

, only occurs following
successful eradication.

However, 

 

H. pylori

 

 is not the absolute or only cause
of gastric cancer, which makes it essential to know the
size of the attributable risk (or benefit gained), from
eradication, which will vary in different populations. In
addition whether gastric atrophy is a valid surrogate end
point and able to resolve after eradication of 

 

H. pylori

 

[32, 33], together with the age at which eradication is
undertaken and the rate of re-infection after eradication
are all key issues for any interventional study. Large mul-
ticentre double-blind controlled trials (DBRCTs) in devel-
oped countries, where the prevalence of 

 

H. pylori

 

 infection
is low and the incidence of gastric cancer is falling, are
very expensive due to the size of the study and length
of follow up required [34, 35]. In the one study reported
to date, the effects of eradication of 

 

H. pylori

 

 were similar
in size to the dietary interventions and no additive effect
was seen when interventions were combined [36].

In developed countries the threshold for treating 

 

H.
pylori

 

 in primary care is falling, thus diminishing the
population remaining infected who may then no longer
be representative of the general population at risk. By
contrast in developing countries (in which cancer rates
are likely to be high in years to come) high levels of
antimicrobial resistance and significant rates of re-
infection, following initially successful eradication, will
present additional logistical problems for clinical trials.

 

Current status of drug treatment: what to use

 

Previously, treatment of 

 

H. pylori

 

 required bismuth and
two antibiotics for 1 month or 2 weeks of high dose

proton pump inhibitors (PPIs) and a single antibiotic
[37–41]. These regimes were of variable efficacy and
often poorly tolerated due to numerous side-effects and
poor compliance [42–45]. In 1993 Bazzoli reported a
97% 

 

H. pylori

 

 eradication rate with a low dose, 1-week
regimen of omeprazole, clarithromycin and tinidazole
[46]. Numerous other studies have now confirmed the
high efficacy of these 1-week regimens that has revolu-
tionized the eradication and management of 

 

H. pylori

 

infection [47–54]. The rationale behind these regimens
is based on lowering the antimicrobials’ mean inhibitory
concentration (MIC) by increasing intragastric pH,
improving patient compliance by only twice daily dosing
for 1 week and minimizing side-effects by using low
doses of antimicrobials.

Clarithromycin and nitro-imidazoles are used because
of their low MIC for 

 

H. pylori,

 

 and the acid stability of
clarithromycin. With nitro-imidazoles as the second anti-
microbial, eradication rates are often 

 

>

 

90% but have the
problems of nitro-imidazole resistance, taste disturbance
and need for patients to abstain from alcohol during
treatment.

Clarithromycin can also be combined with amoxycillin
[55, 56], which has none of the drawbacks associated
with nitro-imidazoles, and thus, with a PPI, may poten-
tially be a better regimen. However, the dose of
clarithromycin used is higher (500 mg twice daily) than
when combined with a nitro-imidazole and fewer studies
have consistently reported eradication rates 

 

>

 

90%. A PPI
with amoxycillin and metronidazole is an alternative
regime, but in the only comparative multicentre, ran-
domized study this regimen had the lowest eradication
rate [50]. It is also important to note that, because of the
high eradication rates achieved by all these regimes, these
studies were only powered to demonstrate equivalence
(rather than superiority) between the different treatment
arms.

 

In vitro

 

 PPIs inhibit the growth of 

 

H. pylori

 

, inhibit
urease and ATP-ase activity and have MICs which
compare favourably with many other antimicrobials
[57, 58], However the clinical significance of these
observations is obscure since data from animal studies
suggest that urease inhibition does not enhance antimi-
crobial efficacy [59]. The major effect of PPIs on the
treatment of 

 

H. pylori

 

 is due to the beneficial effect of
higher pH on the MIC of clarithromycin or amoxycil-
lin (the MIC of nitro-imidazoles does not vary with
pH).

 

Problems with current treatment regimens
for 

 

H. pylori

 

Despite the enormous potential market for new and
more effective antimicrobials active against 

 

H. pylori

 

 there
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is as yet no ‘magic bullet’. This is in part due to problems
associated with the drug delivery (

 

vide infra

 

), licensed
indications for treatment and the high efficacy of current
regimes. Whilst the 1-week low dose PPI based regimes
are very effective current treatment regimes have three
major drawbacks.

 

Patient compliance

 

Even with twice daily dosing, the current regimes require
patients to take more than 42 tablets for 7 days, and
blister pack dispensing for the three components is, with
one exception, not available. The need to avoid alcohol
whilst taking nitro-imidazoles is another factor effecting
patient compliance [42, 60].

 

Side-effects

 

The current regimes are associated with side-effects,
especially taste disturbance, diarrhoea and skin rashes.
Whilst these are rarely serious or sufficient to impair
compliance, they can be troublesome for patients and
their physicians [43, 45].

 

Antimicrobial resistance

 

The efficacy of the all regimes is undermined by the
development of antimicrobial resistance by 

 

H. pylori

 

 [44,
61, 62]. This is a particular problem given the ability of
horizontal transfer of DNA between strains of 

 

H. pylori

 

and the widespread use of both nitroimidazoles and mac-
rolides for treating other infections [63, 64]. To date, few
studies have formally assessed antimicrobial susceptibility
pre- and post-treatment, and with eradication rates of

 

>

 

90%, the number of treatment failures is small and the
data limited.

 

Methods used in evaluation and development of 
new drugs for 

 

H. pylori

 

Laboratory based methods

In vitro H. pylori

 

 is sensitive to a wide range of antimi-
crobials and this can be readily assessed using standard
techniques such as determining MIC and minimum
bacteriocidal concentration (MBCs). For rapid high
throughput screening of new compounds, new methods
(e.g. flow cytometry) for assessing antibacterial activity
is preferred because large numbers of compounds can
be assessed and compared simultaneously without the
problems of overgrowth, contamination or suboptimal
inoculates. The major hurdle is in ensuring adequate
drug delivery for both the animal model and phase 1
studies.

 

Antimicrobial delivery to 

 

H. pylori in vivo

 

H. pylori

 

 inhabits a unique niche within its host. The
majority of the burden of infection lies between the
gastric epithelial surface and the secreted mucus layer, but
organisms can be found free in the gastric juice. This
environment presents numerous problems for successful
antimicrobial delivery and activity, as to be effective
against 

 

H. pylori

 

 it must reach and be active in all com-
partments of this niche [65]. In light of this, it is unsur-
prising that many antimicrobials (e.g. penicillins) which
seem highly effective against 

 

H. pylori

 

 in culture have
little or no activity 

 

in vivo

 

 [66]. Understanding of how
antimicrobials are delivered to 

 

H. pylori

 

 is therefore crit-
ical for the development and selection of new drugs for
treating this infection (Figure 1).

Antimicrobials can reach 

 

H. pylori

 

 by two routes, from
the lumen of the stomach across the gastric mucus layer
(luminal delivery) or after systemic absorption and across
the gastric mucosa from the blood (systemic delivery).
Some antimicrobials appear to have predominantly lumi-
nal delivery such as bismuth preparations and penicillins,
but most probably have a combined delivery.

 

Luminal delivery

 

The three main barriers to luminal
delivery are gastric emptying, gastric acidity and the
epithelial mucus layer.

Historically most antimicrobials were developed with
the aim of maximizing systemic delivery and therefore
were formulated to minimize gastric exposure and/or
subsequent degradation. Tablet formulations deliver little
drug to the gastric body, which can therefore be a ‘sanctuary
site’ during antimicrobial treatment, allowing recrudes-
cence of infection after treatment [67]. Suspensions achieve
a more widespread delivery although may have a shorter

 

Figure 1

 

Factors influencing intragastric drug delivery.
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intragastric residence time and are more prone to degra-
dation [68]. Food and proton pump inhibitors delay gastric
emptying and may increase luminal delivery [69] (Figure 1).

Proton pump inhibitors also reduce degradation of
acid-labile antibiotics by increasing pH and reducing the
effect of pepsin. This effect is modest for most antibiotics
but is probably important for macrolides. Proton pump
inhibitors substantially reduce gastric volume which
increases antimicrobial concentration [70].

The mucus layer prevents diffusion of many antibiotics
to 

 

H. pylori

 

 from the gastric lumen although formulation
can dramatically influence diffusion of drug [71]. Proton
pump inhibitors probably damage (either directly or indi-
rectly by increasing pH) this layer promoting diffusion to
the juxta-epithelial space [72]. Mucolytics reduce the
mucus layer thickness and alter the physio-chemical
properties of mucus, but also increase gastric inflamma-
tion. This increases gastric delivery of some antimicrobi-
als, but may reduce systemic delivery of others.

 

Systemic delivery

 

Many drugs have been detected in gas-
tric juice following intravenous infusion or intramuscular
injection (Figure 2).

The physicochemical properties of antimicrobials are
the main factors influencing systemic drug delivery. Most
appear to diffuse into gastric juice but some are actively
secreted. Penicillins can be detected in low concentra-
tions compared to plasma following intravenous dosing
[73]. These agents diffuse poorly across the gastric epi-
thelium and diffusion is limited by protein binding and
mucosal oedema [74]. Nitroimidazoles diffuse readily
across the gastric mucosa, achieving plasma concentra-
tions rapidly in the luminal compartment. Metronidazole,
being a weak base of pKa 2.5, exhibits ionic trapping at
low intragastric pH and may achieve higher concentra-
tions in gastric juice than plasma [70, 75]. Macrolides
also achieve higher intragastric levels than plasma, but
there is plentiful evidence that this is due to active secre-
tion rather than plain diffusion [70, 76, 77]. This active
secretion may explain why clarithromycin is the most
effective antimicrobial against 

 

H. pylori in vivo.

 

Systemic drug delivery is, unsurprisingly, influenced by
drug metabolism. Concurrent use of other drugs may
improve systemic delivery of some antimicrobials. PPIs
interfere with their own and other drugs’ metabolisms
and systemic delivery of clarithromycin is increased when
omeprazole is used via this mechanism [77].

 

Effect of 

 

H. pylori

 

 infection on intragastric drug disposition

 

Much of the above data has been obtained from studies
in animals not infected with 

 

Helicobacters

 

 or healthy
human volunteers. There is little data on the effect of 

 

H.
pylori

 

 on drug delivery to the intragastric compartment,
but some inferences can be drawn.

Gastric inflammation increases systemic delivery of
amoxycillin and metronidazole in rats [78], but there is
no apparent difference in systemic delivery of these anti-
microbials or of clarithromycin in 

 

H. pylori

 

 infected
patients before and after treatment or compared with
uninfected controls [79]. 

 

H. pylori

 

 increases gastric blood
flow and mucosal permeability to some drugs, which will
result in increased systemic delivery. However, inflamma-
tion also results in mucosal oedema (increasing the dif-
fusion barrier for some drugs) and destruction of the
mucus layer and thus concentrations of mucus bound
drugs such as macrolides [80].

 

H. pylori

 

 can have varying effects on gastric acid secre-
tion. Most duodenal ulcer patients have increased acid
secretion, whilst those with pangastritis tend to have
reduced acid secretion. It is unlikely that increased acid
secretion has much effect on the intragastric pH and drug
stability, but reduced acid secretion will lead to increased
drug stability [81]. Some anti-

 

Helicobacter

 

 drugs also
intrinsically delay gastric emptying (e.g. clarithromycin),
which increases gastric residency time [70].

 

Methods for investigating drug delivery
to 

 

H. pylori

 

If we accept that drug delivery is crucial to the success
of antimicrobial regimens against 

 

H. pylori

 

, we require
effective ways of studying gastric drug disposition and
several have been developed over the past decade.
Excluding in vitro drug stability and mucus permeability
studies, two broad classes of studies have been used to
assess intragastric drug delivery, namely animal and
human studies. Neither is ideal and there are many meth-
odological limitations to these studies.

Animal studies

The first studies to address this area used guinea pigs [82],
which were sacrificed, at intervals following intramuscu-
lar injection of drugs. The concentrations of drugs inFigure 2 Barriers to drug delivery across gastric mucosa.
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plasma and gastric tissue were then compared. Although
limited (because of the small amounts of tissue available
and low concentrations of drug present), these studies
indicated which classes of antibiotics achieved high intra-
gastric concentrations.

An important refinement of these studies was the use
of 14C-radiolabelled drugs, which can be measured at
much lower concentrations and at the microscopic level.
One group has studied the distribution of oral and intra-
venous 14C-radiolabelled amoxycillin and clarithromycin
in rats [83, 84]. These studies have assessed the effects of
acid-suppression and other antibiotics on drug distribu-
tion within different regions of the rat stomach and also
the cellular compartments of the mucosa. The effects of
H. pylori infection or inflammation have not been
assessed, although this model would be suitable for such
studies.

Our own group has used an ex vivo Ussing chamber
model [74] and an in vivo isolated stomach model [79]
to assess the factors influencing drug transfer across gas-
tric mucosa. The former allows careful control of pH and
study of many different agents on drug transfer. However,
there are numerous limitations and this model is probably
only useful for screening of large numbers of drugs. The
latter model is far more relevant to the in vivo situation
in man, and allows the effect of H. pylori infection to be
assessed.

Human studies

There have been some studies of the distribution of
radiolabelled drugs in humans, and these have given
insight into the affects of H. pylori infection and acid-
suppression on drug disposition within the gastric lumen
[69]. They do not, though, allow measurement of con-
centration within tissue. To achieve this, more invasive
studies are needed.

Nasogastric aspiration of gastric juice allows the trans-
fer of an intravenously dosed drug across gastric mucosa
to be studied [70, 75]. This allows formal pharmacoki-
netic modelling and thus controlled comparison of drugs
and the effects of either H. pylori infection or acid sup-
pression to be made. Several new pharmacokinetic mea-
sures have been derived by these methods including
gastric clearance [akin to renal clearance] and gastric
transfer fraction. The limitations of this type of study are
that regional differences within the stomach cannot be
assessed and, perhaps more importantly, orally dosed
drugs cannot be studied.

Endoscopic biopsy studies, on the other hand, do
allow regional differences to be assessed and also allow
orally dosed drugs to be studied. Mucus concentrations
as well as gastric mucosal concentrations can be made.
Multiple endoscopies, however, are discouraging for vol-

unteers and the large cellular component of biopsies may
render some results meaningless. Both endoscopic and
nasogastric studies are limited by the limits of detection
for drug assays.

Methods used in assessing drug efficacy:
clinical studies

Non-invasive tests for detecting H. pylori infection

H. pylori can be detected noninvasively by the nonradio-
active 13C-urea breath test (13C-UBT) which has been
used extensively in the development of new drug regimes
for H. pylori [85–88]. It exploits the abundant urease
activity of H. pylori, which rapidly hydrolyses an ingested
solution of 13C-urea, to release 13CO2, which is then
absorbed and excreted as 13CO2 in the expired breath.
The 13C-UBT can be used to assess several important
aspects of infection during the early stages of clinical
development of new chemical entities active against H.
pylori.

Extent of H. pylori infection

There are no ‘gold standards’ for measuring the extent
of H. pylori infection, which makes it difficult to prove
that the 13C-UBT is a quantitative test of infection. At
endoscopy multiple biopsies from throughout the stom-
ach can be taken, but histology may detect nonviable
organisms and culture may not be successful or become
sufficiently well established to quantify bacterial popula-
tions by serial dilutions. Nonetheless several groups have
demonstrated a relationship between the extent of 13CO2

excretion and culture or histology [89].
In addition there is no correlation between the specific

urease activity of isolated strains in vitro with hydrolysis
of 13C-urea in vivo[13C UBT], implying that differences
in UBT values are due to differences in the numbers of
infecting organisms and thus the extent of colonization
[90]. Intra-subject quantitative comparisons are possible
and semiquantitative assessments made if necessary.

Suppression

If the 13C-UBT is used to monitor the load of H. pylori,
suppression is defined as a >50% fall in the excretion of
13CO2. This not only allows rapid and easy assessments
of differences between similar agents, which is of partic-
ular value for phase 1 or volunteer studies, but also allows
more subtle effects on H. pylori to be monitored [91].
Thus the effect of lowering intragastric pH on H. pylori
by omeprazole was first observed with the 13C-UBT that,
unlike the antral biopsy, accurately demonstrated suppres-
sion, but not clearance of infection [92].
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Clearance and recurrence

Clearance of H. pylori is defined as a negative 13C-UBT
immediately after finishing treatment [93]. Differences in
clearance rates will thus reflect differences in eradication
rates or rates of recurrence. When assessing clearance
with the 13C-UBT it is important to record the time
interval between the last dose and the test. Thus even
after 1 month of colloidal bismuth or triple therapy some
patients, despite suppression of H. pylori during treat-
ment, will have a positive breath test less than 12 h after
the last dose [94–96].

Serial 13C-UBTs at weekly or twice weekly intervals
will show the rate of recurrence of H. pylori following
clearance of infection at the end of treatment. Drugs
with the slowest recurrence rates will be the most effec-
tive in eradicating H. pylori.

Eradication

The 13C-UBT is the best method of following eradica-
tion of bacteria in patients [97, 98]. Because eradication
of H. pylori is associated with resolution of histological
gastritis and prevention of relapse of DU, the 13C-UBT
can be used as the sole method of follow-up. Long-term
follow up studies of eradication documented by multiple
endoscopic and UBT assessments of H. pylori status over
a 12-month period showed almost complete concor-
dance, with < 1% of patients having discordant results
[99].

H. pylori can also be detected non-invasively by ELISA
serology or by stool antigen tests [100, 101]. The role of
serology is mainly in the identification of infected indi-
viduals who may volunteer for Phase 1 studies, or in
selecting infected dyspeptic patients to facilitate the
recruitment to Phase II studies. There is some variation
in antibody responses to H. pylori and local validation is
recommended. False negative antibody tests have been
reported in the elderly and titres fall only slowly after
successful eradication.

Stool antigen tests detect the presence of H. pylori
antigens in faeces using a simple sandwich ELISA [102].
Studies have reported sensitivities and specificities that
compare favourably with those seen with the 13C-UBT
(> 90%) [103]. They may be also used as an adjunct to
the 13C-UBT in assessing suppression or clearance in
human volunteers and have been used in animal models.

Invasive tests for detecting H. pylori infection

H. pylori can be readily detected at endoscopy by histol-
ogy, culture or urease tests, but all biopsy-based methods
are liable to sampling error, because infection is patchy
[104]. Up to 14% of patients with H. pylori will not have

antral infection but will have H. pylori elsewhere in the
stomach, especially if there is gastric atrophy, intestinal
metaplasia or bile reflux. In addition after partially effec-
tive eradication therapy low levels of recurrent infection
can be easily missed by biopsy leading to overestimates
of the efficacy of eradication therapy. For these reasons
consensus guidelines recommend taking multiple biopsies
from the antrum and corpus for both histology and one
other method (either culture or urease testing) [97, 98].

Although H. pylori may be recognized on H&E stained
sections alone, special supplementary stains (e.g. Giemsa,
Gimenez) are always needed to detect low levels of infec-
tion and show the characteristic morphology of H. pylori
[104]. Histology also provides an historical record: sec-
tions (or additional sections) can always be (re)-examined
and atrophy or intestinal metaplasia assessed. Additional
biopsies from other parts of the stomach can be retained
in formalin and only processed if antral histology is
inconclusive. Microbiological isolation is the theoretical
‘gold standard’ for identifying any bacterial infection,
however, for H. pylori culture can be unreliable, with
risks of overgrowth or contamination making it the least
sensitive method of detection and the least readily avail-
able of endoscopic methods. Culture and antibiotic sen-
sitivity testing is also necessary for any clinical trial
because of the prevalence of multiple antibiotic resistant
strains. Biopsy urease tests are quick and easy tests, which
indicate only the presence or absence of H. pylori, but
often have a higher sensitivity than other biopsy tests
because the entire biopsy specimen is placed in the media
thereby avoiding the additional sampling or processing
error associated with histology or culture. They also often
allow rapid confirmation of infection (within 30–60 min)
at the time of endoscopy thereby allowing patients to be
invited to enter into clinical studies, although for maxi-
mum sensitivity the test should be read 24 h later.

Challenges in designing Phase I-III studies

The development of new drugs for treating H. pylori
infection poses many unique challenges to the clinical
investigator. For Phase 1 studies the first hurdle is recruit-
ing infected subjects. Since the prevalence of infection in
young people from developed countries is already low
(~15–25%) volunteers will require an initial screening test
to document the presence of infection. Whilst serology
is the easiest and cheapest (and can be done on stored
serum banks), there may be false positives; so further
confirmatory testing (by 13C-UBT) is still required. If
noninvasive tests of new drugs (under clinical trial
exemption (CTX)) suggest high therapeutic efficacy,
more extensive pharmacokinetic endoscopic studies
assessing intragastric distribution will be needed. An addi-
tional challenge for Phase 1 studies is determining what
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to do with subjects who remain infected at the end of
the study. Currently it is still unclear if the risks of side-
effects from conventional eradication regimes greater
than the risks (or benefits) of remaining infected.

For Phase II studies the principal challenges are in the
design and organization of the study. Identifying infected
patients prior to the trial will depend upon local gastro-
enterological practice in the management of dyspepsia.
Clinicians who adopt a ‘test and scope’ strategy provide
the ideal setting for recruitment, since patients will
already be known to be infected prior to endoscopy as
a result of routine local clinical practice. If test and treat
is local practice it may be necessary to conduct the initial
recruitment of subjects in primary care.

For most endoscopic studies a two-stage consent pro-
cess will be required. Patients may need to consent to a
screening test for H. pylori prior to endoscopy (by serol-
ogy or 13C-UBT) or for an initial consent to cover the
taking of additional biopsies for trial purposes, followed
by a full consent for those patients subsequently found
to be infected. The latter process has many advantages
and can be readily undertaken if carefully explained to
patients.

The other challenge in Phase II studies relates to
microbiological assessments of infection, not only to doc-
ument infection, but also to monitor pre- and post-
treatment resistance. These assessments need to be done
in a centralized facility. However, successful culture of H.
pylori requires rapid processing of samples, which should
therefore be undertaken locally [98]. Alternatively biopsy
samples for culture need to be stored and transported on
dry ice to the central facility, which is costly and logis-
tically cumbersome. As with phase 1 studies, careful con-
sideration needs to be made regarding what to do to
subjects who remain infected at the end of the study.

Clinical trials of new eradication therapies

Detailed guidelines on the design and methodology of
clinical trials on H. pylori and peptic ulcer have been
published by European Helicobacter pylori Study Group. A
summary of methods to be used for assessing H. pylori
status before and after treatment during clinical trials of
new agents or regimes using agents to which H. pylori
may develop resistance are given in Table 1 [97]. The
working party also recommended assessments of re-
infection rates at 1 year using the 13C-UBT with repeat
endoscopy and biopsy in patients with positive breath
tests [98].

Licensing issues

Eradication of H. pylori infection alone is not usually
accepted as a license indication by regulatory authorities.

Previous license indications include PUD and NUD. For
NUD the primary endpoint should be cure of H. pylori
gastritis and symptom improvement should only be a
secondary endpoint because of the difficulties associated
with studies in NUD. The falling prevalence of PUD is
likely to impact on the rate at which infected subjects
can be recruited. In addition, with eradication rates from
current regimes of ~90% studies should be powered to
show equivalence rather than superiority to current avail-
able treatments.

Bio-informatics

The recent sequencing of two bacterial genomes will
help in the development of new drugs. Bio-informatic
analysis allows the identification of novel targets that
might be unique to H. pylori as well as suggesting novel
modes of action by identifying essential genes as potential
new drug targets. Automated high throughput screening
is an essential part of drug development allowing rapid
assessment of new compounds to identify potential lead
drugs. In-silico techniques and top class medicinal chem-
ists can optimize lead drugs prior to selection for pre-
clinical development. However few of the major
pharmaceutical companies currently have an active drug
development programme for H. pylori.

New approaches: Prospect for vaccines

Several major research groups are working on developing
a vaccine for H. pylori which offers a radically different
approach to the management of infection [105, 106].
Protection against infection has been demonstrated in
several animal models of Helicobacter infection. In addition
therapeutic vaccination to treat established infection (an
effect probably mediated by breaking tolerance or up-
regulating normal immune responses) has also been dem-
onstrated in animals. However human volunteer studies
using enteric vaccines (either therapeutic or protective)
have, so far, been disappointing. In addition studies

Table 1 Recommended biopsy sampling protocol for assessing H. 
pylori status.

Histology Culture Urease test PCR

Pretreatment
     Antrum ++ ++ ++
     Corpus xx
Post-treatment
     Antrum ++ ++ +
     Corpus ++ ++ +

+ = one biopsy sample, ++ = two biopsy samples, xx = should be taken
if assessing atrophy/intestinal metaplasia.
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aimed at defining the minimum infectious dose resulted
in volunteers developing symptomatic gastritis even
though a ‘nonpathogenic’ strain was used as the innocu-
lum. More recently classical systemic vaccination using
three key H. pylori antigens (CagA, VacA and NAP) has
been undertaken with some encouraging initial results
[107, 108].

Conclusions

The discovery of H. pylori and the development of effec-
tive treatment for eradicating infection has radically
changed the management of dyspepsia and peptic ulcer
disease. The efficacy of current treatment regimes may
be undermined by the development of multiple antibiotic
resistance in H. pylori, especially given the ability of H.
pylori to transfer DNA between strains. Although the
prevalence of infection is falling in developed countries,
the burden of infection in developing countries remains
high and, without biomedical intervention, will only fall
with an improvement in public health. The clinical phar-
macological problems associated with the treatment and
development of new anti-H. pylori drugs are complex.
Biomedical interventions aimed at either treating infec-
tion, or vaccination to prevent infection as part of a
national campaign, may reduce the burden of disease
associated with H. pylori infection in poor countries.
Whether the economics of drug or vaccine development
will be sufficient to support such strategies remains to be
determined.
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