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Abstract

Proton pump inhibitors (PPIs) are drugs which irreversibly inhibit proton
pump (H/K* ATPase) function and are the most potent gastric acid—suppressing
agents in clinical use. There is now a substantial body of evidence showing im-
proved efficacy of PPIs over the histaming ddceptor antagonists and other
drugs in acid-related disorders.

Omeprazole 20 mg/day, lansoprazole 30 mg/day, pantoprazole 40 mg/day or
rabeprazole 20 mg/day for 2 to 4 weeks are more effective than standard doses
of Ho-receptor antagonists in healing duodenal and gastric ulcers. Patients with
gastric ulcers should receive standard doses of PPIs as for duodenal ulcers but
for alonger time period (4 to 8 weeks). There is no conclusive evidence to support
the use of a particular PPl over another for either duodenal or gastric ulcer healing.

ForHelicobacter pylor-positive duodenal ulceration, a combination of a PPI
and 2 antibacterialswill eradicatk pyloriin over 90% of cases and significantly
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reduce ulcer recurrence. Patients vidthpylori-positive gastric ulcers should be
managed similarly. PPIs also have efficacy advantages over ranitidine and miso-
prostol and are better tolerated than misoprostol in patients taking nonsteroidal
anti-inflammatory drugs (NSAIDSs).

In endoscopically proven gastro-oesophageal reflux disease, standard daily
doses of the PPIs are more effective thameéteptor antagonists for healing, and
patients should receive a 4 to 8 week course of treatment. For severe reflux, with
ulceration and/or stricture formation, a higher dose regimen (omeprazole 40mg,
lansoprazole 60mg, pantoprazole 80mg or rabeprazole 40mg daily) appears to
yield better healing rates. There is little evidence that PPIs lead to resolution of
Barrett's oesophagus or a reduction of subsequent adenocarcinoma development,
but PPIs are indicated in healing of any associated ulceration. In Zollinger-Ellison
syndrome, PPIs have become the treatment of choice for the management of
gastric acid hypersecretion.

Proton pump inhibitors (PPIs) have been one 0bf the acid secreting cell for it to become active
the most important advances in the field of gastroffig. 2). PPIs have a pKa of approximately 4, and
enterology in the past 15 years. Many studies havare concentrated up to 1000-fold on the luminal
now demonstrated their greater efficacy in acid-side of the secretory canalicutsd where they are
related conditions over other acid reducing drugsactivated in the acid environment (fig. 2).
Currently 3 PPIs, omeprazole, lansoprazole and
pantoprazole are commercially available warlte, 1.2 Comparative Pharmacology of the PPIs
with rabeprazole (which has been recently licensed

in Japan) expected soon in other countries (fig. 1). The PPIs are pyridyl methylsulfinyl benzamid-
azoles which bind to the K+ ATPase pum-2

1. Pharmacology of the After accumulating in the _acid ganqliculus, they
Proton Pump Inhibitors (PPIs) become active by undergoing acid stimulated con-
version to sulphenamides, which enables them to
1.1 Overview of Pharmacology bind to exposed cysteine residues in the luminal
of the H*, K* ATPase Pump alpha domain of the HK* ATPase pump. The pre-
cise site of binding of individual drugs to the pro-

The gastric acid pump (#K* ATPase) is the ton pump varie§! In their active form, PPIs are
primary target for a group of drugs known as themembrane impermeable and form disulfide cova-
PPIs. This H/K* ATPase pump is the final com- lent bonds with cysteine residues in the alpha sub-
mon pathway for acid secretion in the stomach, andnit which inhibit the activity of the acid secreting
inhibitors of this pump are the most effective anti-pump!? The alpha sub-unit to which they bind
secretory in current ud¥.This enzymatic pump contains a total of 28 cysteine residues and there
is present in the canalicular membrane of gastriare 9 in the beta sub-unit. In a recent study, using
parietal cells where it secretes HCIl antlislex- SDS gel separation of digested hog gastric vesicles
changed for Kwith ATP breakdowii!-2l and con- incubated with PPIs under acid secreting condi-
tains transmembrane alpha and beta sub-units ¢ibns, Besancon et &l.have shown that 3 cysteine
1034 and 291 amino acids, respectively. The alpheesidues are accessible but that binding by different
sub-unit consists of 10 trans-membrane spannindrugs varies. Thus omeprazole has been shown to
segments and is responsible for the transport arlaind to cysteine 813 in the fifth to sixth trans-mem-
catalytic functions of the pump. It is also present irbrane segment (and this correlates with acid inhib-
an inactive form in the cytoplasm and has to beting activity) and to cysteine 892 in the seventh to
transported to the luminal cell membrane surfaceighth transmembrane segment.
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OCH;, bound to cysteines 892 and 31Thus, all of the
OCH, PPIs bind to a cysteine residue in the fifth and sixth
= . OCRH transmembrane region (probably 813), but whether
= binding to other cysteine residues is pharmacolog-
CHz_ﬁ4<\ ically important is at present uncertain.
0 T Such differences between PPIs may contribute
H to differences in their onset of action. Lansoprazole
Pantoprazole has, in clinical studies, been shown to inhibit acid
secretion more rapidly than omeprazole, albeit at a
OCH; higher dosé¥ Dose differences may be a more
CH, e likely explanation of this faster onset than greater
N OCH, lipid solubility (which has been suggested as an
NS CHZ_S/< alternative explanation) because vitro experi-
I \N ments using isolated vesicles showed no difference
© | in time to activity onset (fig. 3). In these studies,
H onset of activity with pantoprazole was slowsh
Omeprazole the other drugs, compatible with its greater resis-
tance to acid catalysed rearrangement to the sul-
O—CH,—CF; phenamide form. Conversely, activation of rabep-
CH, razole was significantly faster, in line with its more
A unstable chemical structure. Rabeprazole has, like
F e 4<N lansoprazole, been reported in clinical studies as
I\
I!i PPI concentrated x 1000 Lumen of
Lansoprazole Acid canaliculus
Cell Sulphenamide
Ta membrane )/’/l \\
N O HC O—CH, O—CHjy
/>73/\/ / \ \CHz—C/Hz Active pumps
N

CHy

N

Rabeprazole

Fig. 1. Structural formulae of the proton pump inhibitors om-

eprazole, lansoprazole, pantoprazole and rabeprazole.

@ Inactive pumps

Omeprazole
Lansoprazole
Pantoprazole
Rabeprazole

LansoDraZ()le was also bound to cysteine reSII':ig. 2. Simplified schematic representation of the inhibition of

dues in these domains and, in addition, to cysteinee H*/K* ATPase pump by proton pump inhibitors (PPIs). H/K*
321 located towards the extracellular end of the*TPase pumps are activated by a receptor-mediated mecha-

third t b t t t t nism and insert into the luminal membrane of the parietal acid
Ird transmembrane segment. In contrast, pan Os'ecretingcell (notshown). PPIs are secreted into the canalicular

prazole only bound to one site (cysteine 813 or 822imen where they are concentrated and activated by conver-
in the fifth to sixth transmembrane region). R ab-sion to sulphenamides in the acid environment. In this form they

. . . ovalently bind to extra-cytoplasmic cysteine residues in the
eprazole also bound to this site, which Correlatecfransmembrane alpha sub-unit of the proton pump and inhibit
with its ability to inhibit acid secretion, but also acid secretion into the canalicular lumen.
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1007 for rabeprazole which has been shawrvitro to

be reversed by cysteitf.A fully reversible PPI
might have some appeal, for example, if the drug

80 . . .
were ineffective for a few hours each day, allowing
a burst of normal acidity which may in turn impact

60 on the risk of enteric infections, the intragastric

distribution ofHelicobacter pyloriand possible
progression to gastric atrophy.

The precise basis of irreversibility may vary from
one drug to another. For omeprazole, stereochem-

ey
o
L

® Rabeprazole

Inhibition of gastric H*,K*-ATPase
under acid-transporting conditions (%)

204 o Lansoprazole ical constraints may prevent access of cyst&ine
® Omeprazole while for lansoprazole its high lipid solubility may
O Pantoprazole be a key factd#! Under less acid conditions (pH
0L : . . . . =3), pantoprazole is more stable than omeprazole
0 10 20 30 40 50

or lansoprazole; this could improve its selectivity
against parietal cell HK* ATPase and reduce its
Fig. 3. The rate of inhibition of gastric H'/K* ATPase under acid- effects in less acidic Compartments such as |yso_
transporting conditions by proton pump inhibitors. Isolated hog "

gastric vesicles were incubated in potassium chloride with val- somes and chromafflr! gfe}”%gnd appe?‘rs tF’
inomycin and activated by the addition of MgATP. Acidification have a confer a lower liability to interfere with bio-

Time (min)

of the gastric vesicles was measured by determination of the Iogical targeté‘?l

quenching of acridine orange. Rabeprazole produced inhibition L L
faster than omeprazole and lansoprazole, which in turn pro- It should be stressed_ that the .C“mcal S|gn|_f"
duced inhibition faster than pantoprazole (from Besancon et cance of these observations are highly theoretical
al.[¥ with permission). and have yet to be determined. In some instances,

one advantage may counteract another. For exam-

having a greater effect than omeprazole on day onple, if rabeprazole proved truly to be reversible in
of dosing, and in contrast to omeprazole, this haglinical use, it is likely that second doses would be
been shown at similar dos&klt is possible that given at a time when its ability to inhibit the pump
this genuinely reflects its chemical instability, at relatively high pH would not be relevant.
which leads to more rapid sulphenamide forma-
tion, since activatiom vitro was also more rapid. 1.3 Pharmacokinetic Profiles

In line with the inherent instability of the parent

Plasma concentrations of PPIs can be measured
molecule, rabeprazole was also less dependent th%n reverse-phase hiah performance liquid chroma-
the other drugs on pH for conversion to the chem. y b gn p a

. . ) . tography, although this technique is not used rou-
ically active sulphenamide form. In theory, this tinely in clinical practice. PPIs are rapidly absorbed

could allow subsequent doses of rabeprazole Qgqr ora administration with peak concentrations
bind and inhibit the pump at a higher pH than the

= F g ) occurring 2 to 4 hours after administration of en-
other drugs resulting in acid suppressionWeaild  oric coated preparations. The pharmacokinetic

occur earlier in the process of pump regenerationyofile of each of the PPIs is dependent to a large
and lead to greater sustained acid suppression. extent on the dose of drug used and the route of
Because PPIs bind irreversibly to the pump,administration and has been reviewed individually
their duration of action is more affected by regen-recently.58.9 For purposes of comparison, se-
eration of new pumps than by the pharmacokinetidected studies showing their pharmacokinetic pro-
properties of the PPIs themselves. Although pumgile at usually prescribed oral doses are shown in
binding is covalent, it is still possible, in theory, for table I. All are rapidly absorbed with peak plasma
this to be at least partially reversed, as is the caseoncentrations of approximately 0.5 to 2 mg/L
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Table I. Summary of pharmacokinetic profiles in selected studies using the recommended dose of proton pump inhibitor

Drug No. volunteers Dosage (mg/day) Cinax (mg/L) AUC (mg/L * h) ty, (h)
Omeprazolell®! 20 0.66? (Estimated) <1
Lansoprazole!'!] 12 30 1.15 2.98 1.6
Pantoprazolel!? 12 40 x 7d 2.1 1.9
Rabeprazole!*®! 25 20 0.406 0.809 1.02

a value derived from graph and converted to mg/L for comparison.
AUC = area under the plasma concentration-time curve; Cmax = peak plasma drug concentrations; ty, = elimination half-life.

occurring at 2 to 4 hours. They are subject to relapeptic ulcer disease (PUD) published in abstract
tively low rates of hepatic first pass extraction, form only, the time that the intragastric pH was
with oral bioavailabilities in the range of 50 to above 3 on monitoring during treatment with rab-
80%. Despite their short half-lives, because of theieprazole 20 mg/day, omeprazole 20 mg/day and
irreversible mechanism (which may be arguablyfamotidine 40 mg/day was 99, 84 and 65% respec-
somewhat different for rabeprazole) the pharmacotively, with the effect of rabeprazole lasting 2 days
kinetics have little bearing on their antisecretorycompared with 4 days for omepraz&@.
action. They are also highly protein bound, thus
giving a relatively low volume of distribution. 1.5 Effects on Gastrin Production
1.4 Effects of PPIs on Gastric Acid Secretion L . .
Early studies in rats with omeprazole or high
Control of gastric acid secretion has been extendose histamine freceptor antagonists produced
sively studiedn vivoin animals and humans. Dose- hypergastrinaemia which was associated with gas-
dependent inhibition of gastric acid secretion bytric enterochromaffin-like cell (ECL) hyperplasia,
PPIs has been demonstrated in healthy volunteemhich in some cases led to development of ECL
where pentagastrin-stimulated acid output was redysplasia and even carcinoifs However, with
duced by 42, 80 and 92% with omeprazole 30, 60nore than ten years use, although omeprazole in-
and 90 mg/day, respectivélf] Basal and stimu- creases serum gastrin levels to approximately 1.5
lated acid output inhibition with omeprazole ap- times that of normal, no clinically significant in-
proaches 100% after 7 days of therapy with 3Ccreased endocrine or parietal cell density has been
mg/day or 60 mg/day, with a 66% reduction in basafound®-?4! It is now recognised that this is a spe-
acid output (BAO) 6 to 8 hours post dés@Sim-  cies-specific phenomenon, which is also seen with
ilar efficacy has been reported for lansopra-other PPIs and high doses oj-&htagonists and
zole['6:17] pantoprazolé®! and rabeprazolé?-20] appears to be a consequence of profound acid sup-
There are also comparative data on the efficacyressiori25:26]
of the individual PPIs in the control of gastric acid Lansoprazole also increases serum gastrin lev-
secretion. Des Varannes ef%dl.compared lanso- els in human volunteét$27lwhich returned to base-
prazole 30 mg/day to omeprazole 20 mg/day andine levels after withdrawal of the drug. In compar-
found that at these doses, lansoprazole was bettative studies, similar increases in gastrircB9%
in terms of total time spent above pH 3 duringwere found after 2 to 4 weeks of pantoprazole and
24 hour pH monitoring. A small open study of 12 omeprazole 20mg dail§8! although in a recent
individuals comparing lansoprazole 30 mg/daystudy, rabeprazole 20 mg/day produced greater
and pantoprazole 40 mg/day demonstrated thagastrin levels than omeprazole 20 mglédyOver-
lansoprazole was superior to pantoprazole at mairell, studies have not demonstrated substantial dif-
taining pH >4 during 24 hour pH monitoring; this ferences in serum gastrin levels among the differ-
was most marked on the first and seventh days ofnt PPls, and gastrin levels return to normal 1 week
this crossover stud$?! In a study of patients with after stopping the drugs.

[ Adis International Limited. All rights reserved. Drugs 1998 Sep; 56 (3)
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By inhibiting acid secretion and raising intra-  Despite a theoretical risk of serious drug inter-
gastric pH, PPIs interrupt the normal regulatoryactions, these have not been supported by in clini-
feedback effect of acidity on gastrin release. Re<cal studies with drugs such as warfdfth diaze-
cent studies have raised the possibility that this furpam4l! or phenytoirf42:43]
ther accelerates the progression of gastric atrophy Studies in rabeprazole have demonstrated a
in the body of the stomach associated witlpy-  modest increase in digoxin trough concentrations
lori infection in this regioi?31 These changes (=20%) and drug concentration monitoring when
were associated with hyperplasia of ECL cBfls, these drugs are used concomitantly is therefore
which in the earlier rodent studies had been a prerecommende&? No interactions have been noted
lude to carcinoid tumour developmé##t3®! How-  between rabeprazole and phenytoin, warfarin or
ever, these studig83! are controversial and have theophyllingi#>4¢l although reduction in absdigpn
been criticised on a number of grounds, includingof the antifungal agent ketoconazole when coad-
the use of nonstandardised histological endpointsninistered with rabeprazole has been repdftéd.
and a control group that was not comparable withTherefore, current data would suggest a theoretical
the patients receiving omeprazole. Furthermoreadvantage of pantoprazole over the other PPlIs for
these results have not been supported by a recedtug interactions but whether this is important in
prospective Swedish stué! In this study, pa- clinical practice remains to be seen.
tients with reflux oesophagitis were randomised to
receive either omeprazole or anti-reflux surgery: 2. Therapeutic Indications
the development of atrophic gastritishin pylori-
positive patients with over 1000 days follow-up 2.1 Duodenal Ulcer

was no differerg in the omeprazole compared 10 gragication oH. pyloriand prophylaxis against
surgery group&®l The Food and Drug Administra- - atroduodenal toxicity of nonsteroidal anti-inflam-

tion of the us judge_d that currently availablg eVi- matory drugs (NSAIDS) in high risk patients are

dence did not require any changes to the indicagenira| to modern management of duodenal ulcers.

tions or labelling of these drugs. However, most studies to date that have evaluated
Gastrin receptors have been demonstrated o[)jcer healing by PPIs have generally been in pa-

both gastri€’l and colonic carcinomd®) though  tients not taking NSAIDs and have not addressed
there is currently no evidence directly linking PPI- tha role ofH. pylori eradication in ulcer disease.
induced acid suppression with colonic neoplasia.

2.1.1 Duodenal Ulcer Healing - Placebo

. Controlled and Dose Ranging Studies
1.6 Drug Interactions

Omeprazole

PPIs are metabolised by the polymorphic cyto- Omeprazole is superior to placebo in healing
chrome P450 (CYP) system, in particular the S-duodenal ulcers (4¢s 13% at 2 weeks and 75
mephenytoin hydroxylase (CYP2C19) and nifedi- 27% at 4 week&p! with better symptom relief. This
pine hydroxylase (CYP3A4§9] About 3% of healing effect is dose-related up to 20mg per/day
Caucasians will be slow metabolisers due to poly-as omeprazole 20 mg daily healed significantly
morphic gene variations. Pantoprazole, in contrasmore duodenal ulcers than 10mg daily (84t18%
to omeprazole and lansoprazole, is also metabaat 2 weeks and 94s75% at 4 weekd¥?! In another
lised by a cytosolic sulphotransferase which is astudy, omeprazole 30 mg/day was not significantly
conjugating enzyme and appears to interaciléhs  better than 20 mg/day with healing rates at 4 weeks
drugs that are in competition for the same P450f97vs93%, respectivellp? In a large multicentre
enzyme systeni8% This may explain why panto- study involving over 1000 patiefftd healing rates
prazole may possible have a lower potential forwith omeprazole 20 and 40mg daily were 66%,
drug interactions than other members of the group93%, and 97%s 72, 97 and 99.8% at 2, 4 and 8

[ Adis International Limited. All rights reserved. Drugs 1998 Sep; 56 (3)
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weeks respectively. Although there was an overall 2.1.2 Comparisons of PPIs and Histamine H
statistically significant difference in favour of the ~ Receptor Antagonists _
40mg dose, this was not thought to be generally A number of well constructed randomised
clinically relevant. However, omeprazole 40 double-blind trials have consistently demonstrated
mg/day may be useful for the small proportion ofimproved duodenal ulcer healing with PPIs com-
patients in whom healing is not achieved with Pared to standard doses of histamineréteptor

standard doses for a period of 8 weeks. antagonists (table Il). A recent meta-analysis of 16
randomised trials including 3504 patients gave a
Lansoprazole therapeutic gain (the average difference in favour

A dose finding study comparing lansoprazoleof omeprazole) of 15.2 percentage points [confi-
7.5, 15 and 30 mg/day produced cumulative healdence intervals (Cl) 8.1 to 13.7] in favour of
ing rates of 48, 59 and 74%, respectively at 2 weekemeprazole at 2 weeks, and 10.9 (Cl 8.1 to 13.7)
and 75, 84 and 95% at 4 wed¥8 Pain relief was points at 4 weeks with faster symptom relief than
similar in all groups as was the relapse rate at he H, antagonist§®!

months. In another dose finding study involving  |n comparison with cimetidine, analysis of 6
296 patients comparing placebo with lansoprazolgtudies including 1363 patients gave therapeutic
15, 30, and 60 mg/day, respective healing rates afains for omeprazole of 20.6 (Cl 15.4 to 25.8) at 2
4 weeks were 46, 89, 92, and 96% There were  weeks and 12.3 (Cl 8.1 to 16.5) percentage points
no significant difference between the different at 4 weeks. Another meta-analysis has shown that
doses of lansoprazole which were all superior tqansoprazole 30 mg/day resulted in healing rates of
placebo. In a Japanese study, treatment with lans®59, for duodenal ulcers at 4 weeks, a 10% thera-
prazole 30 mg/day for a 4 week period gave duopeutic advantage over standard doses of ranitidine
denal ulcer healing rates of 97.%and in are- or famotidine, again with better symptom relief at
view of a number of trials utilising a similar dose 2 weekd?”] More recent studies comparing pan-
of lansoprazole, healing rates of 90 to 95% wergoprazole 40 mg/day to ranitidine 300 mg/day gave
achieved®®! Therefore, 30mg/day appears to be therespective healing rates of 61 to 84885 to 53%
optimal duodenal ulcer healing dose for lanso-at 2 weeks and 92 to 979481 to 85% at 4 weeks.
prazole. These studies demonstrated significantly better

healing rates and resolution of symptoms in favour

Pantoprazole 2-74]
In a dose finding study of 219 patients, duode—mc pantoprazolé’

nal ulcer healing was faster with 40mg than 20mg . Rabeprazole_z 20 mg/.day was cqmpared _to ranit-
(89vs58% at 2 weeks, 98593% at 4 weeks), with idine 150mg twice daily in an American multicentre

better symptom relidfé! although no advantage study involving 376 patients with endoscopically

for 80 mg/day was demonstrated. The time to Symp(_iemonstrated duodenal ulceratléf Rabeprazole

tom relief was shorter in the 40 and 80mg groupé’vas significantly_better than ranitic(l)ine at 2 and 4
compared to the 20 mg/day group\$5 days, weeks, with heallng rates of 48 26% and 83/s
. 73%, respectively.
respectively). o
The above data indicate that all of the currently

Rabeprazole available PPIs at standard doses demonstrate su-

In a study published in abstract form, rabepraperior efficacy over ptantagonists with regard to
zole 20 and 40 mg/day was more effective tharoverall healing rates and time to healing of duode-
placebo, with healing rates of 44 and 42821%  nal ulcers.
at 2 weeks and 79 and 91%39% at 4 weekB’]
Both rabeprazole doses were significantly better 2.1.3 Comparisons Between Individual PPIs
than placebo but there was no difference between There are fewer studies comparing individual
the rabeprazole doses. PPIs for duodenal ulceration and as 4- and 8-week

[ Adis International Limited. All rights reserved. Drugs 1998 Sep; 56 (3)



314 Richardson et al.

Table Il. Duodenal ulcer healing: double-blind comparisons of proton pump inhibitors and histamine H receptor antagonists

Reference Additional No. of Dosage regimens (mg/day) % patients healed (weeks) Comments
stqu patients 2 4 6
design
Lauritsen et rc 132 030 73* 92* Pain reliefat L wk O > C
al.ls8l C1ig 46 74
Barbara et rc,mc 121 020 66* 97* 100* At 4 and 6/52
al.;bl R 150 bid 53 84 92 p <0.05
Archambaultet rc 169 020 58 84 88 Pain relief O > C
al 160l C 600 bid 46 80 89 p = 0.056 at 2wk
McFarland et pg,mc 248 020 79* 91* Pain relief at 2/52 O = 77%, R =
al.le1 R 300 62 80 59%, p = 0.005
Popovic et rc,mc 139 020 68* 95* Similar number of adverse effects
al.l62l F 20 bid 43 76 reported
Hui et al.[5%l rc 270 010 77 95 Healing rates lower in smokers
020 86 96 Relapse rates at lyear
R 150 bid 63 93 O=R
Crowe et al®¥ pg 98 020 62* 85+ p < 0.001 2 wks
C 800 33 61 p <0.001 4 wks
Valenzuela et rc,mc 309 020 42 82* Omeprazole more effective
al.[s3 R 150 bid 34 63 especially in ulcers >1cm
Kager et al.®®  mc 143 030 70* Relapse rates not significantly
R 400 bid 55 different at 6/12; O = 39%, R = 47%
Marks et al®]  rc,mc 206 020 80* 95+* By 2 wks O > R for symptomatic
R 300 evening dose 52 85 relief. At 4 wks no difference in
symptoms
Delle Fave et  rc,mc 241 020 62* 92* 99* Per protocol analysis
al.[68 F 40 33 80 92
Zaterka et al.%® rc,mc 241 020 67* 93* Non smoking, small ulcers and O
R 300 40 82 treatment predicted healing
Londong et rc,mc 314 L75 48 75 L 30 significantly better than L 7.5
al.b4 L15 59 84 (p = 0.001). Similar pain relief and
L 30 74 95 relapse rates at 6 months
R 300 51 89
Hawkey et rc,mc 289 L 30 78 93 Both L doses gave significantly
al.l™d L 60 80 97 improved healing and symptom
R 300 60 81 relief. No difference between L30
and L60
Lanzaetal™ rcme 289 L15 92 R vs placebo (p < 0.05)
L 30 80 L 30 vs placebo (p < 0.05)
R 300 70 L 15 vs placebo and R, (p < 0.05)
Placebo a7 Greater symptom relief for L
Judmaier et rc,mc 202 P 40 81* 97* Pantoprazole provided quicker
al.l’2 R 300 53 83 symptomatic relief
Van Rensberg  rc,mc 199 P 40 61* 97* No significant difference in pain
etall’ R 300 35 81 relief at 2/52
Schepp et al.l™ rc,mc 266 P 40 68* 96* Pain relief significantly better in P
R 300 44 85 group at 2/52 (p < 0.01)
Nakazawa et rc,mc 240 Rab 20 58* 92* 96* Rab showed significantly greater
al.lsl F 40 34 77 89 efficacy than F at all time points

bid = twice daily; C = cimetidine; F = famotidine; L = lansoprazole; mc = multicentre; O = omeprazole; P = pantoprazole; pg = parallel group;
R = ranitidine; Rab = rabeprazole; rc = randomised controlled; *p < 0.05.
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healing rates are high with individual PPIs, it is tively. In addition, no differences in adverse events
not surprigng that significant differences between were observed between the grolifs.
PPIs are difficult to demonstrate (table Ill). Forthe A recent small European study comparing rab-
newer PPIs (especially pantoprazole and rabepreeprazole 20 mg/day and omeprazole 20 mg/day in
zole), it has been necessary to demonstrate at lez@gtive duodenal ulceration recorded similar heal-
equal efficacy rather than superiority over omep—'ng0 rates at 2 and9]4 weeks, 8961% and 98/s
razole and lansoprazole in clinical trials. 93%, respectivelf?

In a study of 279 patients with duodenal ulcer, , ; 4 Maintenance Therapy

there were no significant differences in healing at  on cessation of treatment, relapse rates of 50
2 or 4 weeks for lansoprazole 30 mg/day (86 ando 80%/year for PUD have been repor&tiH.
97%) compared to omeprazole 20 mg/day (82 angylori infection is now generally accepted as the
96%), with similar symptom relief for both treat- principal factor for peptic ulcer relapse and eradi-
mentsl’¥ Indirect evidence from non-comparative cation of the organism greatly reduces relapse rates.
studies in a recent meta-analysis suggests that at In a study of 128 patients with duodenal ulcer-
standard doses there is little difference in efficacyation who were randomised to receive either om-
with respect to healing rates or symptomatic reliefeprazole or placebo after ulcer healfffya sub-

between lansoprazole 30 mg/day and omeprazolgtantial increase in disease free maintenance for
20 mg/day?"! omeprazole 20mg/day over placebo was reported,

A randomised double-blind trial comparing with highly significant remission rates of 94¢9%

pantoprazole 40 mg/day to omeprazole 20 mg/daf?tt% year. _Inttr_us_ study, .the. role faf pyl?n szad" d
in endoscopically proven duodenal ulceration hasg?u'ggsn}i'\?eg?'ggnrer\'/q:rs;gn év:ssinnoreaimfr?s%f.
shown healing rates of &% 74% at 2 weeks and gating varying g reg

: ) ) omeprazole in daily, alternate day or weekend
96 vs 91% at 4 W.eelfs.,, respegt|vely, these dlffer'therapy only strategies, have demonstrated daily
ences were not significantly differeldtl Another

) . i - dosing regimens were the most effectfledddi-
study using the same dosing regimen also failed tﬂonally, a daily dose of 10 mg/day was marginally

detect a significant difference between treatmenpetter than 3 days of 20 mg/day for maintenance
groupsBll A further study of 96 duodenal ulcer therapyi®sl Two further studies with omeprazole
patients demonstrated 2 and 4 week healing rateZ0mg daily as opposed to weekend or alternate day
for pantoprazole 40 mg/day and omeprazole 2Qherapy have demonstrated superior efficacy of
mg/day of 72 and 97%s 62% and 91%, respec- daily administration86.87]

Table Ill. Duodenal ulcer healing: double-blind, randomised controlled trials of individual comparisons between proton pump inhibitors

Reference No. of patients ~ Dosage (mg/day) % patients healed (weeks) = Comments
2 4

Ekstrom et al.[%] 279 L 30 86 97 L = O in efficacy and symptom relief
020 82 96

Bianchi Porro et a9 96 P 40 72 97 Efficacy, symptomatic relief and adverse
020 62 91 effects equivalent

Becker et al.[81] 270 P40 71 96 No difference in healing and symptomatic
020 65 89 relief

Rehner et al 1822 276 P 40 71 96 No significant difference on healing rates or
020 74 91 symptom relief

Beker et al.?% 205 Rab 20 99 Rab associated with greater relief of pain
020 96

a Multicentre trial.
L = lansoprazole; O = omeprazole; P = pantoprazole; Rab = rabeprazole.
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A study of 71 patients with gastric and duodenalprazole 30 and 60 mg/day yielded respective heal-
ulcers demonstrated less frequent relapses in pang rates at 4 weeks of 6% 66% and at 8 weeks
tients treated with lansoprazole 15 mg/day com-83vs81%, but there was no significant difference
pared to those treated with 30 mg/day at weekendsetween the 2 dosing groul§$.
only; compliance was also better in 15mg/day
group!®8l In a more recent study, 12 month ulcer
relapse rates were 17% for lansoprazole 15m%e

daily and 61% for placebo regardlesgbfpylori
y ° Torp g 24 patientd?! Respective healing rates were 32, 32

statug®® The role of PPIs for maintenance treat-
0 0
ment in duodenal ulcer disease will need to be redd 29% at 3 weeks and 90, 86 and 39% at 6 weeks,

evaluated in future studies which take the role oTbOth rab'e.prazole doses being of similar efficacy
H. pylori into account. and significantly better than placebo.

Rabeprazole
At doses of 20 and 40 mg/day, rabeprazole has
en compared to placebo in a 6 week study in 94

. . 2.2.2 Comparisons of PPIs with Histamine H

2.2 Gastric Ulcer Healing Receptor Antagonists and Other Treatment

Modalities for Gastric Ulcer Healing

A number of studies have demonstrated im-
proved healing rates of omeprazole over ranit-

Omeprazole ] ) _ idine [96-98] famotidine 20mg twice dail§?! and

In a study of 26 patients with gastric ulcers > qimatidinel100.1011n g meta-analysis of 3 random-
Smm diameter, omeprazole 30 mg/day resulted ingeq trials totalling 374 patients, therapeutic gain
healing rates of 27, 69, and 92% of ulcers at 2, 44, omeprazole over ranitidine at standard doses
and 6 weeks, respectivé¥)l For the convention- \yere 11.0 (CI 3.9 to 18.1) percentage points at 4
ally prescribed dose of omeprazole, gastric ulcefyeeks and 5.9 (CI 1.2 to 10.6) percentage points at
healing rates in 34 Filipino patients at 2, 4, 6 and & \\,eekd76! Omeprazole 40 mg/day was shown to
weeks for 22 patients given omeprazole 20 mg/day,s more effective than sucralfate 2g twice daily,
were 50, 70, 85, and 95%, respectively, and for the,;i, healing rates at 2, 4 and 6 weeks 0¥#93%,
other 12 patients given omeprazole_40 mg/day thegs ¢ 59%, and 9&s 70 %, respectively, and om-
were 50, 75, 92 and 92%, respectively, where nQra50le provided significantly better symptom re-
difference in efficacy or symptomatic relief for the ;o [102]
2 dosing regimens was notéd. In a large multi- Lansoprazole at the recommended dose of 30
centre double-blind American study of 520 patientsmg/day has been demonstrated to have signifi-
using similar dosing regimens, in comparison t0.,ny\y greater efficacy in gastric ulcer healing than
placebo significantly improved healing rates for ranitidine 150mg twice daily, with reported heal-
both omeprazole 20 and 40 mg/day were seen atﬁ,]g rates of 80/s 62% at 4 weeks and 98 86%

and 8 weeks. At 8 weeks the healing rates for th%t 8 weeks, respectiveli?® Smaller studies have

40 mg/day regimen_were significantly greater_thanshown greater efficacy of lansoprazole over fam-
the 20 mg/day regimen (82v5 74.8%), and in yiqine 20mg twice dail?4 and cimetidingt00mg
particular were better at healing large (>1cm) ul-y, .o daily!10s]

cers® In a multicentre trid1%8] pantoprazole 40 giday
Lansoprazole was shown to be significantly superior to ranitidine
A multicentre double-blind study involving 268 in gastric ulcer healing; respective healing rates at
patients with gastric ulcers showed lansoprazole 12, 4 and 8 weeks were 37, 87, and 97% in the
and 30 mg/day to be superior to placebo at 4 weekgantoprazole group, compared to 19, 58 and 80%
(65 and 58%vs 37%) and 8 weeks (92 and 9%% in the ranitidine treated group. In a Japanese study
77%), respectivel?3! A multicentre study involv- comparing gastric ulcer healing rates in 241 pa-
ing 118 patients with gastric ulcers using lanso-tients treated with rabeprazole 20mg/day or fam-

2.2.1 Placebo Controlled and
Dose Ranging Studies
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otidine 20mg twice daily, healing rates at 2, 4, 6(88vs77%, p < 0.05) but not 8 weeks (8596%),
and 8 weeks were superior with rabeprazole (19.&lthough in the intention-to-treat analysis there
vs6% at 2 weeks, A&B30% at 4 weeks, 665%  was no statistically significant difference in heal-
at 6 weeks and 9s 78% at 8 weekd}o7! ing rates at either time point. Four week symptom
Thus, as with duodenal ulcers, current datarelief was 88% with omeprazole and 81% with
from clinical trials favour all PPIs overtieceptor  pantoprazole (not statistically significaf®!
antagonists for benign gastric ulcer healing. Asum- Another 6 week study of 227 patients with ac-
mary of the results obtained in the trials mentionedive gastric ulceration compared healing rates be-
in this section is outlined in table 4. tween rabeprazole 20 mg/day and omeprazole 20
mg/day. On an intent-to-treat analysis, healing rates
2.2.3 Comparisons Between Individual PPIs were 58vs 61% at 3 weeks and 94& 91% at 6

In a study involving 126 patients comparing the
. weeks for rabeprazole and omeprazole, respec-
efficacy of lansoprazole 30 mg/day and omepra-

: . . . tively, which were not significantly different at the
zole 20 mg/day in gastric ulceration, cumulative y 9 y

: : 3 week time point10l
healing rates assessed on an intent-to-treat basis S .
In summarythere is little if any difference be-

were 82vs 68% and 93/s82% at 4 and 8 weeks, . .
respectively (p = 0.04), although on a per- rotocoltween standard doses of the various PPIs for gastric
P Yp=5.24), 9 per-p ulcer healing, and what little differences there are

: . i8]
analy3|s healing rates were Simiat: Hovyever, appear to depend on the dose of drug used and the
the time to symptom relief was shorter with lanso- :

type of study analysis.

prazole (6.6/s11 days).
Omeprazole 20 mg/day was compared with 2.2.4 Refractory Ulceration

pantoprazole 40 mg/day in 219 patients with be- Refractory ulcers are classed as those that have

nign gastric ulcel%9 Per-protocol analysis sug- failed to heal despite the use oj-bhtagonists or

gested an advantage for pantoprazole at 4 weeksther treatment modalities at adequate doses for at

Table IV. Gastric ulcer healing: double-blind, randomised controlled comparisons of proton pump inhibitors and other treatment modalities.
(doses of drugs are mg/day unless stated)

Reference No. of Dosage % patients healed (weeks) Comments
patients (mg/day) 2 4 6 8
Lauritsen et al.l1% 176 030 54* 81 86 Quicker symptomatic relief for O vs C
C1g 39 73 78 during first week of treatment
Walan et al.[%la 602 020 69* 89 0 20VR (p=0.01)
0 40 80* 96 040V R (p < 0.0005)
R 300 59 85 O induced quicker healing
Bate et al.[101] 189 020 73* 84 Quicker symptomatic relief with O
C 800 58 75
Sorensen et al.l*?d 104 040 49 83 90 Superior symptomatic relief with O
Sucralfate 4g 23 59 70 Higher remission rate at 1 year for O
Michel et al.ll%%l2 158 L 30 80* 98* No serious adverse events reported for L
R 300 62 86
Okai et al.lt04p 24 L 30 80 100 Healing to Sakita's S2 stage significantly
F 40 40 73 greater for L (p < 0.05)
Hotz et al.[1%%12 248 P 40 37+ 87* 97* Faster symptomatic relief with P
R 300 19 58 80
Nakazawa et 241 Rab 20 19* 73* 94* 97* Rab > R at all time points
al.[to7a F 40 6 30 65 78

a Multicentre trial.
b Single centre trial.
C = cimetidine; F = famotidine; L = lansoprazole; O = omeprazole; P = pantoprazole; R = ranitidine; Rab = rabeprazole; * p < 0.05.
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least 6 weeks. This definition accounts for betweerwho are not taking NSAIDs should halde pylori
5 to 10% of duodenal ulcefd although this def- eradicated!23!
inition probably needs to be revised with the recog- No single agent to date has been identifibith
nition of the importance df. pyloriin ulcer recur-  will successfully eradicatid. pylori. Current treat-
rence. There is now good evidence to demonstratment regimens consist of the administration of at
the efficacy of the PPIs in this setting and also tdeast 3 agents, two of which are antibacterials co-
confirm their superiority over thejhntagonists.  prescribed with an antisecretory drug or a bismuth-
A small Asian study employing omeprazole 40 containing compound. Eradicationtéf pylori can
mg/day in 27 patients with antagonist refrac- be difficult because of the emergence of resistance
tory PUD produced healing rates of 79% at 2 week$o various antibacterials and problems with de-
and 100% at 4 week!?l Improved efficacy of livering bactericidal concentians of antibacterials.
omeprazole over Hantagonists was also demon- Additionally, H. pylori can assume a resting coccoid
strated in a European study of 107 patients whdorm which does not make it amenable to anti-
were randomised to receive either omeprazole 2®acterial therapy.
mg/day or to continue with ag-antagonist!13l In PPIs have assumed a major role in recent years
this study, respective healing rates of834% at  as part of triple therapy fdd. pylori eradication,
4 weeks and 968s57% at 8 weeks were reported and PPI-based triple therapy is now regarded as the
(all highly significantly in favour of omeprazole) gold standard heré?6]
as was the time to symptomatic improvement. ) _
. . . 2.3.1 In vitro Pharmacological Effects
In 22 patients with K antagonist-refractory of PPIs on H. pylori

gastric ulcers, lansoprazole 30 mg/day provided As a group, the PPIs have demonstrated power-
greater healing rates than the prostaglandin angy anti-H. pylori propertiesn vitro.127-131The pre-
logue misoprostol, alone or with aHdntagonist,  ¢jse mechanism of action of PPIs in inhibitiHg
at 8 weeks (885 60% respectively)*l Panto- pylori growthin vitro is still unclear, although it
prazole is also effective in healing ulcers resistant55 peen suggested that the atipylori proper-
to Hy-antagonists. Pantoprazole 40 to 80 mg/dayjes of PPIs maybe due to inhibition of the urease
for 2 to 8 weeks healed ulcers in 96.7% of U|Cer§enzyme[1132-134] perhaps as a result of the blockade
unresponsive to ranitidine, and prevented ulceiys gy group of theHelicobacteruread?32 How-
recurrence in 88 out of 98 patients in up to 3 yeargyer this effect is not just due to inhibition of urease
of follow-up 18115l alone as both omeprazole and lansoprazole, in ad-
dition to their acid-activated derivative (AZ&00),
inhibited both urease positive and their urease neg-
ativeH. pylori derivative&3%! and omeprazole has
been shown to inhibit growth vitro of non-urease

roducingH. pylori mutantg!33l In a recent study,
the anti-bacterial activity of omeprazole appeared
to be dependent upon the growth conditions of the
and gastric mucosal-associated lymphoid tissu bacteria: omeprazole covalently bound to a large

?ange ofH. pylori proteins at a pH of 5.0 but when

[122] o . i
(MA.LT) Iynjphoma.. H..pylon IS _mvanably as he pH was increased to 7, binding was enhanced
sociated with chronic active gastritis when presen 5-fold [136]

in the stomach23! OnceH.pylori colonises the

gastric mucosa it produces a profound inflamma-  2.3.2 in vivo Effects of PPIs on H. pylori

tory response mediated in part by chemotactic Early clinical studies with PPIs suggested that
cytokines such as interleukin-8 (IL-B%4 Patients  they might be sufficient to eradicate pylori.[137]
with documented duodenal or gastric ulcerationHowever, with more rigorous definitions of eradi-

2.3 Helicobacter pylori

H. pylori has been established in recent year
to be the major aetiological factor associated wit
PUD116-118 There is also epidemiological evidence
associatingd. pyloriwith gastric carcinom&9-121]
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cation ofH. pylori it became apparent that PPIs tance to various antibacterials and patient intoler-
alone did not eradicatd. pylori, but only sup- ance of the different drug regimens used.

pressed its activit}}38.13%9 The currently accepted
definition for eradication oH. pylori is that tests

5] -
for eradication, including urea breath test, biopsyi In 1992, Bayerdorffer et "l reported an erad

. cation rate of 82% in patients given dual therapy
and culture and urease tests, are negative at Ieasgvﬁh high dose omeprazole and amoxicillin making
weeks after eradication therapsf!

. . dual therapy briefly fashionable. However, subse-
. So_me studies hg_ve demonstrated that the dIS(iuent studies using omeprazole- and lansoprazole-
tribution ofH. pyloriin ”“? stomach appears to be based regimens have reported erratic eradication
altered after treatment with PPls, in that itis found ..« oy pylori ranging from 0 to 929461 In a
preferentially in the corpus compared with the aNyacent meta-analysis of 120 studies published from
trum[lagt(ilgreatment with omeprazole or Iansopra-lggo to 1995 reporting eradication rates following
zole_, . although an_otht_ar recent study C(_)u'd omeprazole and amoxicillin dual therapy, the over-
not |dent_|fy any change in d'Str'bUt'on_Hf pylori all eradication rate in 5725 patients treated was 61%
after antisecretory thera#2! The possible expla- (95% CI 58 to 61) on an intention-to-treat basis.

nation for the ‘migration” oH. pyloriinto the cor- Dual therapy with lansoprazole and amoxicillin

EusMpost-tIr:;aatmebnt W'trt] ;Z]IS Easf beedntﬁuagestergas also been investigated. Although some studies
y Mayer-Rosenberg €t &= who tound thati. have shown a greatém vitro potency of lanso-

pylori in vitro can grow at a neutral pH. The corpus razole agains. pylori, pooled data from dual
under normal circumstances is more acidic than th erapy studies (Iansobrazole with amoxicillin)
an_trum. Alter PPI therapy, the pl-! of the corpus iShave reported an eradication rate of 418%4.

raised to approximately 4.0, allowing growth of the PPIs have also been combined with clarithro-

organism in the corpus, whereas the pH of the anr:nycin and dual therapy with omeprazole and clar-

trum will be too high to facilitate growth dfl. . : . . .
. . . X ithromycin has yielded somewhat higher eradica-
[143]

pylori.tt*3l Another antiH. pylori effect of PPIsn tion rates of 58 to 83%:471481 In a recent study

vivo is that they enhance the bioactivity of a num'comparing different!. pylori eradication regimes

bler_tc;]f antlb_acterlals, including amoxicillin and with rabeprazole, dual therapy with rabeprazole

can r.o'mycm. and clarithromycin gave an eradication rate of
Additionally, omeprazole has recently been demBo%_[Mg] Currently available data oH. pylori

onstrated to alter absorption of other antibaCterialseradication rates for dual therapy, regardless of the

1. _ . .
In humarr: volunteers, Goddard fet{ &) demoln PPI or antibacterial used, would not support the use
Etrated that cpadrr;lnlstra_\tl'cl)lp o omleprr?zo € ©Nof dual therapy as a definitive treatment as eradi-
anced secretion of amoxicillin and clarithromycin cation rates have been unacceptably I8,

without effecting the absorption of metronidazole.

Dual Therapy

PPI-Based Triple Therapy

2.3.3 Eradication of H. pylori Using Standard antisecretory-based triple therapy cur-

PPI-Based Drug Regimens rently refers to the combination of a PPl with two

Rates of eradication dfl. pylori depend to a of a combination of a nitroimidazole, clarithro-
large extent on the method of assessment of a pamycin, amoxicillin or tetracycline. Of particular
ticular treatment with respect to timing, one or morenterest are the one week PPI-based triple thera-
tests and per protocesintention-to-treat analysis pies, and this regimen is currently recommended
of clinical trials!'26] As a result, early studies may in Europell28] A recent meta-analysis of 79 studies
have overestimated eradication rates compared twith PPI-based triple therapy (39% of which were
recent ones. At present, an ideal single &hti- randomised controlled trials) gave an overall erad-
pylori treatment does not exist. Current problemsication rate of 87% (95% CI 86 to 87) in a total of
with the treatment oH. pylori relate to its resis- 5513 patients treatd#S!
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The largest single one week PPI-based triple Quadruple Therapy
therapy study for the eradication Bf pylori in In H. pylori quadruple therapy regimens, a PP
duodenal ulcer disease is the European MACH-1s added to standard bismuth based triple therapy
study in which 787 duodenal ulcer patients were(With metronidazole and amoxicillin or tetraiipe).

randomised to receive omeprazole (O) with two offowever, results with these regimgns are varie}ble
three other drugs, amoxicillin (A), metronidazole and they are often reserved for patients who fail to

(M) or clarithromycin (C). Highest eradication haveH. pylori eradicated using standard triple ther-

rates were 96% OAC (95% CI 93 to 100) and 9502PY- Seven day treatment with a PP1in combination

o with bismuth has been reported to eraditatpy-
OMC (95% CI 90 to 99), where omeprazole Zom.g'lori in >95% of patients regardless of metronida-

amoxicillin 500mg, metronidazole 400mg or clari- | . B56] . : ho had
thromycin 250mg were given twice dail§® In zole resistance>®! However, in patients who ha
hi d % of pai lied with ' di previously received unsuccesstdl pylori eradi-
this study, 96% of patients complied with medica- ., therapy, 51% hdd. pylori eradicated with

tion and only 2.3% withdrew because of adversequadruple therap§s”! Additionally, studies have
events. been performed using quadruple therapy over

Lansoprazole (L)-based triple therapy regimensshorter periods of time (1 to 4) days where eradi-
have also been studied. In a recent study of 496ation rates of 72 to 91% have been repd#sH.
patients, eradication rates of patients receivingwith H. pylori eradication rates of over 90% cur-
LAC, LAM, LCM and OAM were reported to be rently being described using standard PPI-based
86, 66.4, 87.3 and 74.6%, respectively; LAC andtriple therapy, the addition of bismuth as a first line
LCM eradication rates were judged to be signifi- treatment does not appear necessary. However fu-
cantly different from the LAM scores but there wasture studies will clarify the role of quadruple ther-
no significant difference between LAM and apy, especially in eradication failures using stand-
OAM.[151] |njtial metronidazole sensitivity had an ard triple therapy regimens.
effect on efficacy of metronidazole-containing re-
gimens but no effect on LAC.

Less information is available for pantoprazole
in eradicatingH. pylori, althoughH. pylori was
eradicated in 95% of patients given one week of
pantoprazole with amoxicillin and clarithromyd#tZ

A recent study of rabeprazole (R)-based 1-wee : .
NSAIDs are estimated to cause approximately

H. pylori eradication regimens in 78 patients gave,, 158 . N

] _
eradication rates of (on intent-to-treat analysis)ﬁl0 /Or:;mgsg be-rh?gz;(;?t;]b;r?c:ai;o UIaCretirc?Jlg ?Id it
RCM 100%, RAC 95%, RAM 90% and RC 9 May 9 P y

. irin i ken in nt. Prescribing of low
63%[1491 Although this rabeprazole study con- asp s taken into account. Prescribing of lo

tained Il vatient b b I . hdose aspirin is currently enhancing the number
ained small patient numbers, rabeprazole Mighk eeqs associated with non-aspirin and aspirin

have theoretical advantages over the other PPIs f%SAIDs It can be calculated that non-aspirin
one-weekH. pylori eradication regimens because NsaIDs account for approximately 1200 deaths
of its slightly faster onset of action. Among the per annum in the UK in this way. Although prob-
ferences irH. pylori eradication rates with differ- - py non-use, this is not a realistic option in many
ent PPIs in 1- or 2-week triple therapy regim@é#®,  patients. Those who are at high risk require protec-
where compliance with medicatidH$! and anti-  tive co-therapy. Recent studies have shown advan-
bacterial resistan€€415l are the most important tages for omeprazole over ranitidine and miso-
factors in achieving high eradication rates. prostol in the management of such patid¥tscol

2.4 Prevention of Nonsteroidal
Anti-Inflammatory Drug (NSAID)-
Induced Ulceration

Kk 2.4.1 PPIs and NSAIDs
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2.4.2 Acute Studies 20mg daily remained in remission over 6 months

In human volunteers, omeprazole has been vergompared to 51% of those receiving misoprostol
effective in reducing acute gastric erosions or gas¢p = 0.0001) and 33% of those receiving placebo
tric micro bleeding provoked by aspiftt!l This  (p < 0.0001)159 In this study, omeprazole was
appears to reflect pH since Feceptor antagonists also significantly better tolerated than misoprostol.
are capable of achieving reductions in acute gastrigjkewise, when compared with ranitidine 150mg
injury, but only at higher than normal concentra-twice daily, 74% of those receiving omeprazole re-
tions'%2 Such observations led to assessment ofnained in remission compared with 62% of those

omeprazole and high dose famotidine in patientgeceiving ranitidine (p = 0.0043¢% Omeprazole
continuing to take NSAIDB9:1€0.163IThe demon-  was also effective in patients in whom initial en-
stration that high dose famotidine (40mg twice doscopy showed no ulcer and showed fewer than
daily) but not the normal 20mg twice daily dose 10 erosions at any one site. In this study, 78% of
reduces the development of both gastric and duopatients remained in remission over 6 months com-
denal ulcers was essentially a surrogate for whapared to 53% on placebo (p = 0.064}!

could be achieved with PP$3] Recently, the re-

sults of 4 large studies comparing omeprazole with 2-4-5 Who Should Receive PPis?

placebo, misoprostol and ranitidine, involving over, /S MOst of the trials with PPIs in NSAID users
2000 patients, have been repori&8160,164.165n have been_ perf_ormed with omeprazole, firm rec-
smaller open study on ulcer healing in NSAID us-°mmendations in NSAID users can only be made

ers with lansoprazole has also recently been rel°" this drug. These data suggest that omeprazole

ported?el should be used as the first line of treatment for
patients with established gastric or duodenal ulcers
2.4.3 Healing of Ulcers and Erosions who are continuing to take NSAIDs. Misoprostol

In these studies, omeprazole 20mg healed gasnay be preferred for multiple erosions. Whether
tric and duodenal ulcers faster than either misoboth drugs together would be better than either
prostol 20@ug qid or ranitidine 150mg twice separately has not been studied. Omeprazole 20mg
daily.[t59:160There appeared to be no advantage fodaily should be considered as prophylactic treat-
omeprazole 40mg daily. Interestingly, misoprostolment for patients at high risk of NSAID ulcer com-
was more effective than omeprazole in healingplications. The main risk factors for NSAID ulcer-
multiple superficial erosion$%° Omeprazole was ation are past history, old age, use of particular
more effective than ranitidine in this respB€¥  NSAIDs including azaproprazone and piroxicam,
For lansoprazole, in 47 chronic NSAID users withuse of high dose NSAIDs and co-prescription of
endoscopic gastric or duodenal ulceration, mostyvarfarin or corticosteroids.
patients (45/47) reached scarring (defined as stage . R
| healing) within 6 to 8 weeks, and 35% achieved 2.4.6 Role of H. pylori Eradication in NSAID Users

good healing (defined as stage 2 healing) over this T_he role oft4. pylori eradlcgtlon In NSAID us- .
time 1166] ers is currently a controversial area. One study in

patients without a past history of either ulcer or

2.4.4 Prophylaxis exposure to NSAIDs has suggested a roleHor

When used empirically (no initial endoscopy) pylori eradication in protecting NSAID uséet8’]
over 3 months, omeprazole 20mg once daily reAnother has shown no benefit in long term users
duced the development of peptic ulcer from 16 towith a current or previous documented peptic ulcer
4.7% and dyspepsia from 20 to 8.2%, compared tor moderate to severe dyspepsfél These studies
placebd!®4 A similar result was seen if omep- suggest that once an ulcer has occurred, local
razole was used as prophylactic treatment follow-mucosal factors may be the most important deter-
ing healing of demonstrated ulcers. In this groupminants of enhanced relapse rates in patients who
of patients, 64% of those receiving omeprazolehave had a previous ulcer. Patients naturally unin-
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fected withH. pylori and those who have under- in 50 patients whose oesophagitis had not healed
goneH. pylori eradication are less responsive todespite at least 12 weeks of &htagonist treatment
omeprazole than those with continuing infection,at recommended doses, no advantage of lanso-
perhaps because of the known greater effect of onprazole 60 mg/day over 30 mg/day with respect to
eprazole on intragastric pH 4. pylori-infected  healing rates and symptomatic relief was ndtéd.
individuals[159.160.168ICyrrently, there are no clear ~ Van Rensburg et &74 reported that pantopra-
grounds for usingl. pylori eradication as either an zole 40 and 80 mg/day have similar efficacies in
alternative or a supplement to omeprazole inhealing endoscopic reflux changes after 4 ¥g8
NSAID users and for bleeding ulcers. Indeed, it ha¥2%) and 8 weeks (9% 94%).

been recently shown in a Hong Kong study that

omeprazole is superior tb. pylori eradication for
prevention of ulcer bleeding in non-aspirin NSAID
userdi6dl

2.5.2 Comparisons of PPIs and
Histamine H, Receptor Antagonists

As for PUD, there are substantial data from
randomised controlled trials demonstrating supe-
rior efficacy for PPIs over histamine;Heceptor
antagonists in the treatment of reflux oesophagitis.

Reflux oesophagitis results from prolonged andOmeprazole, in doses varying from 20 to 60
repeated exposure of the oesophagus to gastric coRlg/day, has been shown to be more efficacious for
tents(179 Oesophageal reflux is a problem that mayboth endoscopic healing and symptom réfie7sl
respond to lifestyle changes, for example cessatiofompared to standard doses gfattagonists. In a
of smoking, weight reduction and modification and Meta-analysis of 5 studies including 935 patients,
timing of dietary intake. However, many cases will the healing rate was 23.2 percentage points higher
require drug treatment, with some form of acid-With omeprazole 20 mg/day compared to ranitidine
lowering medication, or prokinetic agent at some300 mg/day at 4 weeks, and 28.6 points higher at 8
time. All of the available PPIs have been tested inveeksl’®
clinical trials in patients with reflux oesophagitis, ~ Similar studies have been published for lanso-
and omeprazole and lansoprazole are licensed fdirazolé#%-182land pantoprazolé?® The results of
maintenance use for this condition in Europe.  these studies are shown in detail in table V. Rab-

eprazole 20 mg/day has been compared to ranitid-

2.5.1 Placebo Controlled and ine 150mg qid in 338 patients with modest to se-

Dose Ranging Studies vere oesophagitis and was found to be significantly

In a dose ranging study little overall benefit for better in both healing (58s 36% at 4 weeks and
omeprazole 40 mg/day over 20 mg/day was dem;

) ici -
onstrated in a study of 313 patients treated for 4{38 vs65% at 8 weeks) and symptomatic improve

0 0
weeks with 20mg daily and a second 4 weeks Withmem (75vs 58% at 4 weeks and A% 68% at 8

either 20 or 40m#7Y Accumulated healing rates weeks):*4
at the end of the study period werev&65% for 2.5.3 Comparisons of PPIs and Cisapride
the 20/20mg and 20/40mg groups. Taking the sec- Omeprazole has also recently been compared
ond treatment period in isolation from the first in different treatment regimens with cisapride (a
treatment period, healing rates werev&#5%  prokinetic agent) for healing and maintenance
(p < 0.02). However, this difference was not largetreatment of reflux oesophagitis. In a study of 225
enough to permit recommending routine use of thigatients with Savory-Gillard grade | or Il oeso-
higher dose for healing. phagitis, patients were randomised to receive either
In an open study of 38 patients with ulcerativeomeprazole 20 mg/day alone or with cisapride
reflux oesophagiti€’? endoscopic healing rates 10mg 3 times daily for 8 weeks, and when healed
of 76, 97, and 97% at 2, 4 and 8 weeks with lansoto receive placebo or cisapride for a further 12
prazole 30 mg/day were recorded. In another studynonthsl8”l There was a tendency for greater heal-

2.5 Reflux Oesophagitis
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Table V. Gastro-oesophageal reflux disease healing rates: double-blind, randomised controlled trials comparing proton pump inhibitors to
histamine Hz receptor antagonists

Reference No. of patients Dosage (mg/day) % patients healed (weeks) Comments
2 4 6 8
Bate et al.[!7"] 270 020 56* 71* O superior both endoscopically and
C 1600 26 35 histologically
Vantrappen et 61 040 85* 96* Significantly faster and more
al.[17el R 300 40 52 profound symptom relief with O
Zeitoun et al1%52 157 020 81* 95*
R 300 45 65
Sandmark et 152 020 67* 85* Better symptom relief with O
al.[1eela R 300 31 50
Feldman et al.['8%2 202 L 30 71* 80* 88+ 89* p<0.001 at all time points. Greater
R 300 21 33 45 38 symptomatic relief with L
Bardhan et al.l18112 229 L 30 84* 92+ L 30 and L 60 significantly superior
L 60 72* 91* to R with respect to healing and
R 300 39 53 symptom relief
Koop et al.[1832 249 P 40 69 82* Symptoms more effectively and
R 300 57 67 faster controlled with P
Humphries et 338 Rab 20 58* 88* Heartburn resolved more
al.l184)a R 600 36* 65* completely in the Rab treated group

C = cimetidine; L = lansoprazole; O = omeprazole; P = pantoprazole; R = ranitidine; Rab = rabeprazole; * p < 0.05.

ing in the more severe cases with combined therapip quicker symptomatic relief (table VMEPO.191INo
compared to omeprazole alone and cisapride wasignificant difference between lansoprazole 30
better than placebo for maintenance. In a 5 wayng/day and omeprazole 40 mg/day with respect to
comparison of omeprazole (O), cisapride (C),healing rates and symptomatic relief was demon-
ranitidine (R), O+C and R+C for maintenance ther-strated in a multicentre study involving a total of
apy over 12 months after healing with omeprazole211 patient$L93! This would suggest that the trend
40mg for 4 to 8 weeks, remission rates were O+Gowards better symptom relief with lansoprazole
= 89%, O = 80% and C = 54% (p < 0.005 for C30mg compared to omeprazole 20mg daily may be
versus O+C}:#lIn a more recent study comparing dose-dependent. In addition, in a recent study in
omeprazole to cisapride for relief of reflux symp- volunteers, lansoprazole 30 mg/day blocked acid

toms in 424 patients, maintenance therapy withsecretion to a greater extent than the 15mg dose or
both 10mg and 20mg daily provided better re“efomeprazole 20mg dail§e”]

than cisapride 10mg 4 times ddi§! Compara- In a double-blind randomised trial of pantopra-

tive studies wit_h the other PPIs and prokinetic, o 40mg daily and omeprazole 20mg daily, heal-
agents are awaited. ing rates at 4 and 8 weeks of treatment weres74
2.5.4 Comparisons Between PPIs in the 7.8% i;ld 90vs 94%' respec.:tlvely,. In 286 pa-
Healing of Reflux Oesophagitis tients!194 where differences in healing rates and
Published studies comparing healing rates ofymptomatic relief were not statistically signifi-
omeprazole 20 mg/day and lansoprazole 15 to 3@ant. Another study gave healing rates at 4 and 8
mg/day showed that lansoprazole 30 mg/day antveeks for omeprazole 20 mg/day and pantoprazole
omeprazole 20 mg/day were significantly better tharf0 mg/day of 7%s78.6% and 91.4s94.2%, re-
lansoprazole 15 mg/day, and although there was nepectively9]
statistically significant differences in healing rates A European multicentre study comparing rab-
between omeprazole 20mg and lansoprazole 30mgprazole 20 mg/day and omeprazole 20 mg/day in
there was a small trend in favour of lansoprazole202 patients with moderate to severe oesophagitis
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at endoscopy has recently been repdifHOn an Superiority over H antagonists for mainte-
intent-to-treat analysis, healing rates were similarnance therapy has also been demonstrated. Ninety
81vs81% at 4 weeks and 92 94% at 8 weeks, eight patients who still experienced erosive or ul-
and both groups also gave equivalent symptomaticerative oesophagitis, despite receiving at least 3
relief. Therefore, comparative studies performedmonths treatment with cimetidingl200 mg/day
thus far have not demonstrated substantial differor ranitidine=300 mg/day, were randomised in a
ences between the different PPIs when individuaHouble-blind study to receive omeprazole 40
dosing regimens have been taken into account. mg/day or ranitidine 300mg twice daily. Complete
endoscopic healing rates at 4 and 12 weeks were

2.5.5 Maintenance Therapy N 63vs17% and 9¥s47% for omeprazole and ran-
This is the largest and most competitive marketyiqine respectivelj2ol]

for overall PPI use as reflux oesophagitis is a con- gqr the prevention of relapse of reflux oeso-
dition with a high relapse rate without maintenancephagitis, omeprazole has also been demonstrated to
therapy. PPIs have been compared to placebo, t9e superior to ranitidine where over a 12-month
other treatment modalities and to other PPls fOVperiod 67% of patients treated with omeprazole 20
maintenance therapy. Omeprazole atbothgay  mg/day remained in clinical and endoscopic remis-
and 20 mg/day has been demonstrated to reducgon compared with only 10% of patients treated
relapse rates compared to pladéband ranitid-  with ranitidine 150mg twice daily (p = 0.000%292!
ine[198.1991 A study of 193 patients showed an en-Even at the 10mg dose omeprazole is superior to
doscopic remission at 12 months of 50 and 74% foranitidine in the long term treatment of reflux oeso-
omeprazole 10 and 20 mg/day, respectively, withphagitis, as evidenced by a study of 392 patients
only 14% for placeb& It can be concluded from with healed reflux oesophagitis who were ran-
this study that the higher omeprazole dose shouldomised to receive omeprazole 20 or 10 mg/day or
be reserved for those patients in which the loweranitidine 150mg twice daily. Twelve month remis-
dose proves ineffective. sion rates for each dosage were 72, 62 and 45%,

Table VI. Gastro-oesophageal reflux disease: double-blind, randomised, multicentre controlled trials featuring individual comparisons between
proton pump inhibitors

Reference No. of patients Dosage (mg/day) % of patients healed (weeks) Comment
2 4 6 8
Petite et al.lt%4 ? L 30 81 83 L vs O by 1 day to achieve pain relief
0O 20 74 77
Castell et al.l*] 1284 L 30 65 83 89 90 All active treatment better than
L15 56 75 80 79 placebo p < 0.05
020 60 82 90 91 L30>L 15, p=<0.05
Placebo 23* 33* 37* 40* O 20 =L 30 for healing rates
L 30 gave quicker symptomatic relief
Mee et al.[1%% 604 L 30 70 87 L > O in time to symptomatic relief
0 20 63 82 (p = 0.05) at 3 days
Mulder et al.l19] 211 L30 88 96 No significant differences in healing
0O 40 81 93 rates or symptomatic relief
Mossner et all*% 286 P 40 74 90 P equally effective as O in symptom
020 78 94 relief
Corinaldesi et 208 P 40 79 94
al.[tes! 020 79 91
Thjodleifsson et 202 Rab 20 81 92 Similar adverse events and symptom
al.[2ol 020 81 94 relief

L = lansoprazole; O = omeprazole; P = pantoprazole; Rab = rabeprazole; * p < 0.05.
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respectively (both omeprazole doses were signifi- In a study by Lind et al2%9 509 patients with
cantly better than ranitidine, p < 0.001 and p <heartburn without endoscopic oesophagitis were ran-
0.005, respectivelk%3] domised to receive omeprazole 20 or 10mg daily
Different dosing regimens of omeprazole haveor placebo. At 4 weeks, the respective proportion
also been studied for this indication; weekend-onlyof patients with complete absence of heartburn was
regimens of omeprazole 20 mg/day, omeprazole 281% (95% CI 39-53), 31% (25 to 38%), and 13%
mg/day and ranitidine 150mg twice daily yielded (7 to 20%). In a more recent study of similar de-
12-month remission rates of 32, 89 and 25%, reSign, the proportion of symptom-free patients at 4
spectively. Daily omeprazole was significantly Weeks was 41, 35 and 19% for omeprazole 20mg,
better than the other 2 treatment regimé#s. 10 mg daily and placebo, respectivélj! Supe-

Lansoprazole at 30 and 15 mg/day, compare&ior efficacy for omeprazole 10mg daily over pla-

with placebo, gave endoscopic remission rates at Eebo has also been demonstrated in a primary care-

year of 90, 79 and 24%, respectively, and symp- ased stg<_jy of 495 patients without erosive

. . o oesophagitis whose symptoms were controlled and
tomatic remission rates of 72, 67 and 35%, respec; : .
) - o . then randomised to receive omeprazole 20 or 10mg
tively. There was no statistically significant differ-

. ._daily for 6 monthd2!1l Cumulative relapse rates
ences between either dose of lansoprazole wit

S . ere 27% for omeprazole and 52% for placebo (p
respect to maintaining healing or symptomatol-_ 0.0001)

ogy/20°l gnq both .doses were superior to placebo. For relief of symptoms of heartburn, omepra-
The s.|m|Iar. efficacy ofr:ansoprazole 15 and 30zole has also been compared to ranitidine in a pri-
mg/day in maintenance t erapy was supported b¥nary care setting where 994 patients were random-
another UK-based study which demonstrated betige tg receive either omeprazole 20 or 10mg daily
ter relapse prevention for both lansoprazole doseg; ranitidine 150mg twice daily. Symptom relief at
over ranitidine 600 mg/day (respective remissions \yeeks were was 61, 49 and 40%, respectively,
rates at 12 months being 69, 80 and 32%). Bothyhere both doses of omeprazole provided signifi-
lansoprazole treatment arms were significantly Sucantly symptom relief than ranitidine and 20mg
perior to ranitidine but there was no significant dif- of omeprazole was significantly better than 10mg
ference between the 2 lansoprazole reginf®fs.  daily.212
2 5.6 Refiux Svmptoms Without Indeed, omeprazole has also been evaluated in
degophagitisyatréndoscopy a double-blind study as a ‘diagnostic tool’ for re-
A proportion of patients with clinical histories flux 0esophagitis, where 160 patients were ran-
suggestive of gastro-oesophageal reflux diseasd®mised to receive 1 week of omeprazole 20mg
will have a normal endoscopy and recent placebo‘-ja'ly or placebo with their response correlated to

controlled studies have addressed this problem‘.endOSCOpiC findings. This test was sensitive for

0
In a well designed study, improvement in symptomomem"’IZOIe (71 t0 814536 to 47% forfslacebo),
o . ) (;)ut not specific¥55% for omeprazoldf3l
scores, reduction in antacid use and improve

quality of life scores in patients with a clinical his- ;¢ & ~ i Ertectiveness

tory of oesophageal reflux but normal endoscopy  cost effectiveness studies have suggested that
treated with omeprazole in comparison to pla-the gain in efficacy with omeprazole may outweigh
cebo has been demonstrat®dl These results the influence of this additional drug cost to make
supported previous data in patients with an endoit more cost effective than ranitidine in the man-
scopically normal oesophagus, who also demonagement of reflux oesophagittd4215 Addition-
strated significantly better responses with omepraally, a starting dose of omeprazole 20 mg/day ap-
zole 20 mg/day compared to placebo with respecpears to be more cost effective than 40 mglta.

to heartburn, acid regurgitation and symptd#8. Subsequent studies have supported these initial
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observations, demonstrating cost effectiveness 3. Other Indications
with respect to cost per patient healed, cost per
patient rendered asymptomatic and cost in terms of 3.1 Zollinger-Ellison Syndrome

improved quality of life assessments in comparison This rare condition with a prevalence of approx-
to Hp-antagonists alone or in combination with imately 0.1 to 3 per million in the U&7 is char-
metoclopramidét 2191 Finally, in a recent cost 4cterised by hypergastrinaemia due to gastrin se-
effectiveness analysis comparing PPIs with highcreting tumours most commonly located in the
dose and standard dosg &htagonists, PPIs were pancreas or small bowel. Hypergastrinaemia leads
found to be most cost effective where patients wergg increased acid secretion and ultimately severe
significantly bothered by symptoms and in institu- peptic ulceration. The diagnosis should be consid-
tional settings where the differences between drugred in persistent recurrent duodenal ulceration or
cost were smalf20l in complex or post surgical ulceration. Approxi-
mately 20% of patients will be cured surgically but
L_he remaining 80% will require long term acid sup-
pression by medical means.

Omeprazole 20 to 80 mg/day has been shown to

2.5.8 PPIs In Barrett’s Oesophagus
In Barretts oesophagus, the normal squamou
epithelium is replaced by columnar epithelium,

probably as a consequence of Ipng 'Ferm EXPOSUTE, effective in a study involving 49 patients, 68%
of the distal oesophagus to gastric acid. The impor- f whom were maintained on 20 mg/d&# High

tance of the condition is the associated increaseﬁ]itial doses of omeprazole 60 mg/day were used

Incidence of a_denocarcmoma. As effective acid, g yhe dose titrated to basal acid output and clin-
suppressants, it was hoped that long term PPI theféal recordings.

apy could lead to regression of Barrett’s oesopha- |4 another study, an initial dose of 60 mg/day
gus and thus reduce the incidence of associategf |ansoprazole in 26 patients with the syndrome
adenocarcinoma. was titrated to reduce the basal acid output to <5
A case report in 1988 described the rapid healmmol/hour for those with intact stomachs and to
ing of an oesophageal ulcer and regression of Barz1 mmol/hour in those with previous gastric sur-
rett’s oesophagus in a patient with sclerodermagery or co-existent oesophagifid® The same
with reduction in both the intragastric pH and time group recorded a reduced basal acid output of ap-
of oesophageal exposure to aéfd! This encour-  proximately 95% and there was a dramatic clinical
aging report has not really been substantiated itmprovement23°]
clinical trials although studies have described the PPls are the medical treatment of choice for Zol-
appearance of squamous islands in the Barrett'inger-Ellison syndrome. High starting doshswsld
segment after treatment with PPIs. However, it hade used and the subsequent maintenance dose ti-
recently been suggested that these islands may beated against basal acid output.
merely covering gastric mucosa and may thus mask
subsequent malignant transformati®#:224 In 3.2 Crohn’s Disease

contrast, studies in small groups of patients fol- Gastro-oesophageal involvement by Crohn’s
lowed for short periods described regression ofjisease is uncommon. Omeprazole was effective in
the length of Barrett's oesophagus in response t@educing inflammation in a small study involving
long term acid suppression of omeprazole 40 to 6Q patients at a dose of 40 mg/day, and after an 8
mg/dayt?25.226] week course a mean bodyweight gain of 6kg was
It still remains to be determined in long term recorded23l An interesting observation was noted
follow-up studies whether PPIs reduce the overalin a series of 7 patients with active colitis in which
incidence of oesophageal adenocarcinoma in Barthe addition of omeprazole to the treatment regi-
rett's oesophagus. men led to clinical improvement in six of the
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group; the similar chemical structure of omepra-randomised to receive intravenous followed by
zole to metronidazole was cited as a possible mecheral omeprazole or placebo, no advantage in terms

anism of actiori232] of surgery, rebleeding or death was seen in the ac-
tively treated group, although omeprazole did re-
3.3 Prevention of Stress Ulceration duce the amount of blood seen in the stomach at
endoscopy.

Stress-induced mucosal damage is typically char-
acterised by superficial erosid¢#¥3 and is thought
to be precipitated mainly by reduced mucosal
blood flow in seriously ill patient&34 Antisecre-
tory prophylaxis against ulceration is widespread,

although a large retrospective multicentre study of ) . .
9 g P y but no differences in death rates were sBé#;in

greater than 3000 patients by Cook et?at! in _ . . o
gact, in a Dutch multicentre study using a similar

1994 suggested its use should only be for thos esian. death rat tuall terinth
patients needing mechanical ventilation or those esign, death rates were actually greater in tne om-

with a coagulopathy. Experimentally, omeprazoleelprazl;)Ie Freg;egd g;pur; (11'ﬂ§)rl;1|eprdgzolelversusl 1
has also been shown to be more effective tha thace hO) mdf patients wi t'tee |r(1jgdu c?'rs a-f
famotidine in reducing induced mucosal injury in ough need for surgery‘,”quan 'ty and duration o
rats[236.237] bleeding was decreas&d# However, it should be

added that even in the omeprazole group the death

In a study of 67 high risk patients in intensive S .
uay 9 P . rate was 7%, which is below average for bleeding
care, patients were randomised to receive omepra- 241 ; .
ulcer21l In a recent study of 220 patients with

zole 40 mg/day orally or ranitidine 150 mg/day bleeding ulcers, Khuroo et &l reported that oral

intravenously. Bleeding occurred in 31% of the .
ranitidine group and 6% of the omeprazole groupomeprazole also decreased the rate of rebleeding
(10.9% for omeprazole; 36.4% for placebo) and

< 0.05)[238]
(p<0.05) In_a study of 82 patients undergoing the need for further surgery compared to placebo.
surgery, the ability of lansoprazole 15 or 30 mg/day : !
: ; : Death rates were numerically lower in the omep-
given intravenously to reduce gastric hypersecre-

tion was assessed and 66% of patients in the 15m§r]azole-treated group (2 patients died in the omep-

Ina Scandinavian study of endoscopically proven
bleeding ulcers in 274 patients, intravenous fol-
lowed by oral omeprazole reduced the need for
further endoscopic therapy, operations, and dura-
tion and severity of bleeding compared to placebo,

group and 76% of the 30mg group were describe aque group cqmpared to 6 in the placebo group).
as having ‘excellent respons3%! However, in a n this study, patients were somewhat younger (mean

recent review of all available treatments for stressage 57) and had fewer co-existing illnesses than

ulcer prophylaxis, PPIs could not be recommende '?ht be f)iﬂecbeg IrCA/brieter?l?%hUIcerél)i?fnfn:ns frorirr11
routinely in intensive care because of a lack of urope or the : ether these diiterences

evidence for a significant benefdto outgome are .due to inherent differencgs in the pop-
ulations studied remains to be determined, and fur-

ther studies are needed to clarify what group(s) of

patients benefit most from PPIs in acute bleeding.
Over the past 50 years mortality from upper

gastrointestinal bleeding has remained=at to 4. Tolerability and Adverse Events

10942411 despite developments in modern medi-

cine, including the emergence of acid-blocking In pooled data from published trials involving

drugs. Although PPIs effectively heal peptic ul- 2818 patients, omeprazole was reported as causing

cers, there are conflicting reports as to their roleheadache (2.4%), diarrhoea (1.9%), nausea (0.9%)

when used acutely in reducing deaths and otheand rash (1.1%), which was similar to adverse ef-

complications in ulcer bleeds. In a UK study by fects with ranitidine and cimetidiné6! For lanso-

Daneshmend et &42] of 1147 patients with acute prazole, in a prospective follow-up study of 5669

upper gastrointestinal bleeding from any causedaily users, the most common adverse events re-

3.4 PPIs and Upper Gastrointestinal Bleeding
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ported were diarrhoea (4.1%), headache (2.9%lJerences. For this reason, studies with the newer
and nausea (2.6%"] Studies with pantoprazole PPls that have come on the market, namely
have demonstrated a fairly similar adverse effecpantoprazole and rabeprazole have shown equiva-
profile with diarrhoea (1.5%), headache (1.3%),lence rather than superiority in controlled trials of
dizziness (0.7%), pruritus (0.5%) being the mostulcer healing.
frequent adverse effedf. As H. pylori is now regarded to be the most
It has also been demonstrated that profound acitimportant factor underlying PUD, PPIs have as-
suppression leads to colonisation of the stomach byumed a pre-eminent role in eradication regimens.
bacterid?48] In a small study of 20 patients, a 4 |n Europe, PPI-based antibacterial triple therapy
week course of omeprazole 20 mg/day led to smallegimens are now regarded as the gold standard for
bowel colonisation by predominantly oral and H_ pylori eradication and have been recommended
colonic flora and significantly speeded up small a5 such by the European Working Party+brpy-
bowel transit time, with 20% of patients experienc-|qgyj [76] Although a plethora of studies on different
ing diarrhoed?*%l Increases in fungal growth rates pp|_pased eradication regimens have been publish-
have also been recorded in patients treated witQq iy recent years, even in large comparative stud-
omeprazole compared to cimetidine and famotidies t has been difficult to detect differencesin
ine, although the clinical relevance of these obserpy oy eradication rates, where rates of over 90%
vations has yet to be determinéd! the incidence 4o frequently reported.
of Campylobacter jejurenteritis appears tobe also  11,o st frequent indication for PPIs in clinical
slightly increased by proton pump inhibiti&f!! o\ oq, oesophaygitis, and as this condition is as-

Overall, the PPls as a group are a very well tOIer'sociated with a high relapse rate, they have also
ated class of drugs in clinical practice. recently assumed a major role in maintenance ther-
apy. All PPIs have demonstrated superior efficacy

5. Role of PPIs in the Management over H receptor antagonists for both acute healing
of Acid Related Disorders and maintenance treatment. Healing rates of over
£80% in 8 weeks with PPIs have become the norm

PPIs are now the drugs of choice in the manage=- """ © . ; .
ment of acid-related gastrointestinal disorders With similar rates of symptomatic relief. For main-

They have proved more effective than histaming€nance therapy, studies are beginning to show
H, receptor antagonists in reducing basal and stim@©0d efficacy with daily use of half of the standard
ulated acid output, and in the treatment of gastrid1e@ling dose (for example, omeprazole 10mg and
and duodenal ulceration, reflux oesophagitis and@nsoprazole 15mg), although weekend, or alter-
Zollinger-Ellison syndrome. nate day dosing with standard doses, appears to be
For the treatment of duodenal ulceration, the 21€ss effective for maintenance therapy.
week healing rate is in the order of 65% for PPIs A relatively new indication for PPIs is in
compared with 45% for fHantagonists. Four- and NSAID-induced ulcer prophylaxis. Next td. py-
6-week healing rates for PPIs are consistently ovelori, NSAIDs are the most important cause of pep-
90%. Although it is generally more difficult to heal tic ulceration, and may be even more important for
gastric ulcers, again PPIs have a proven Superidﬂlcercomplications such as perforations and bleed-
efficacy here compared with other treatment mo-ing. The recent demonstration that omeprazole was
dalities with healing ranges of 70 to 80% at 4 weekgnore effective than ranitidine for both healing and
and over 90% at 8 weeks. As these healing rategaintenance, and superior to misoprostol for main-
are already so high, it is no surprise that comparatenance therapy in chronic NSAID users, is likely
tive studies often fail to demonstrate differences irto have major prescribing implications.
efficacy among the different PPIs, where very large PPIs as a group have largely been shown to be
numbers would be required to demonstrate real difwell tolerated. Initial worries regarding a theoreti-
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cal risk of inducing enterochromaffin-like tumours 10

have not materialised, with over 10 years of om-

eprazole use in some cases. There has been mone.

recent interest in the possible development of
gastric dysplasia in long term PPI users infected

with H. pylori, and although these studies have 12.

been criticised methodologically, further long term
studies are required to clarify this issue. Although

more recently launched PPIs are often marketed ort*

the basis of less frequent drug interactions than

‘older’ PPIs, the real significance of this in clinical 14

practice remains to be determined, bearing in mind
the long term experience with omeprazole.
In conclusion, PPIs are now the most impor-

tant drugs for acid-related diseases, including duo-s.

denal and gastric ulceration, gastro-oesophageal
reflux disease and Zollinger-Ellison syndrome,

where they have proven superior to the histaminet7.

H, receptor antagonists. One- and 2-week PPI-based

triple therapy regimens have become the goldis,

standard foH. pylori eradication. Choosing which

PPI to use for any of these indications is largely ;o

dependent on balancing the cost of the individual
PPI1 versus longer term clinical experience, as mos
comparative studies between PPIs to date have
demonstrated comparable efficacies.

21.
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