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Safety of proton pump inhibitors—an overview

R. ARNOLD
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SUMMARY

Drug-induced achlorhydria in experimental animals
results in excessive hypergastrinaemia, ECL-cell
hyperplasia and ECL-cell carcinoidosis. However, these
events have not been observed in long-term studies in
patients receiving proton pump inhibitors. Serum
gastrin levels increase only modestly during acute and
long-term treatment. It is concluded that monitoring of
serum gastrin levels and of fundic ECL cells is of no
clinical relevance even during long-term therapy with
proton pump inhibitors. The clinically available proton
pump inhibitors such as pantoprazole, omeprazole and
lansoprazole are well tolerated, with a low incidence of
side-effects. Minor and serious side-effects classified as
possibly related to proton pump therapy have been
described in up to 2.5% of patients. This is the same

order of magnitude as that found in patients treated
with H,-receptor blockers and in placebo-treated
controls. In most cases, therefore, the observed side-
effects are unrelated to the intake of proton pump
inhibitors. Minor adverse events include headache,
diarrhoea, dizziness, pruritus and rash. Proton pump
inhibitors are metabolized mainly in the liver via the
cytochrome P450 system and interactions with drugs
metabolized by the same system are possible. Evidence
is becoming available which suggests that pantoprazole
may have less potential to interact with the
cytochrome P450 system than the other proton pump
inhibitors. In the case of diazepam metabolism,
pantoprazole had the least effect on prolongation of the
diazepam effect. This may well be an advantage in the
clinical use of the drug.

INTRODUCTION

Over the past 15 years, major advances have been made
in the therapeutic control of acid secretion. The advent of
H,-receptor antagonists provided an effective class of
drugs, and their widespread use has brought relief to
millions of patients without significant side-effects.'™
Earlier in this symposium, Professor Sachs described the
limitations of the H,-receptor antagonists and provided a
biological basis for the therapeutic control of acid
secretion by an entirely new class of antisecretory drugs,
the substituted benzimidazoles, which act as inhibitors of
gastric H" K*-ATPase, the gastric acid pump.® Many
investigators have demonstrated advantages of proton
pump inhibitors in the treatment of peptic ulcers resistant
to high doses of H,-receptor antagonists.®°
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The safety and long-term use of proton pump inhibitors
have been discussed extensively in this symposium. This
paper will provide an overview of the current overall
safety data available. First of all, it is important to begin
with the gastrin hypothesis and its relation to therapy
with proton pump inhibitors.

The gastrin hypothesis

The gastrin hypothesis implies that hypergastrinaemia
can arise, either because of the Zollinger-Ellison syn-
drome, or via achlorhydria. The state of achlorhydria can
be achieved by pharmacological induction in animals or
by atrophic gastritis, for instance, in the case of pernicious
anaemia in humans. Achlorhydria leads to hyper-
gastrinaemia, which then exerts a trophic effect leading
to enterochromaffin-like (ECL)-cell hyperplasia.'’ In his
paper, Professor Sachs also described the presence of a
receptor on the ECL cells for progastrin® and it follows
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that ECL-cell hyperplasia is the physiological or patho-
physiological consequence of every case of hyper-
gastrinaemia, whether or not it arises from the
Zollinger-Ellison syndrome, pernicious anaemia or fol-
lowing pharmacological induction. However, ECL-cell
hyperplasia does not necessarily lead to the appearance
of either ECL-cell dysplasia or ECL-cell carcinoidosis.
There may be important cofactors involved which have
still to be identified. For example, in humans, carcinoids
have only been observed in patients with pernicious
anaemia and gastrinoma patients associated with the
Multiple Endocrine Neoplasia (MEN) I syndrome.'* ! In
contrast, patients with sporadic gastrinoma do not
develop carcinoid tumours.!® This indicates that the
presence of atrophic gastritis (pernicious anaemia) or of a
genetic trait (MEN I syndrome) could be such cofactors.

When rats were treated experimentally with BY308 (a
predecessor of pantoprazole), there was a marked rise in
serum gastrin levels paralleled by a rise in the number of
ECL cells, compared with control values (Figure 1).}

Measurement of the ECL-cell labelling index reveals the
extent of cells which are dividing. Figure 2 shows the
dividing capacity of ECL cells in rats under the influence
of BY308. It can be seen that in contrast to control
values, the ECL-cell labelling index increased rapidly
within 10 days of treatment after which time a plateau
occurred through to 70 days. This corresponds with the
linear increase in ECL cell numbers over this 70-day
period. (Figure 2).'

When the experiments were repeated with BY308 in
rats in the presence of a specific gastrin receptor
antagonist, it was possible to reverse the increases both
in the number of ECL cells and in the ECL-cell labelling
index despite persisting hypergastrinaemia. This normal-
ization of the ECL-cell labelling index demonstrated that
the ECL-cell hyperplasia observed was gastrin-medi-
ated.!®

Types of ECL-cell hyperplasia

Several types of ECL-cell hyperplasia have been identified,
namely diffuse, linear and micronodular.!® Linear and
diffuse ECL-cell hyperplasia is often observed in patients
with duodenal and gastric ulcer disease in which H.
pylori-associated gastritis of the antral and fundic mucosa
is a common finding. Changes in ECL-cell morphology in
these patients seem to be independent of the mode of
treatment (H,-blockers, proton pump inhibitors) as simi-
lar events have been described even in untreated
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Figure 1. Serum gastrin levels and number of ECL-cells in rats

treated with BY308, and untreated controls (data from Eissele et
al).}*
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Figure 2. Percentage labelling index of ECL cells in rats treated
with BY308, and untreated controls (data from Eissele et al).*?
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Figure 3. 24-hour intragastric acidity in
duodenal ulcer patients, treated with
omeprazole during or after selective
proximal vagotomy (data from Lind et
al).?®

Median intragastric acidity (»

patients.'®*'® Micronodular ECL-cell hyperplasia can also
be observed in patients with atrophic gastritis due to
pernicious anaemia, resulting from atrophy of the glands
where parietal cells are destroyed.'*!® From these
observations it has been concluded that there is a
correlation between the grade of gastritis and the
development of linear, diffuse and micronodular ECL-cell
hyperplasia.

Serum gastrin and ECL cells in patients treated with proton
pump inhibitors

In contrast to patients with pernicious anaemia and
Zollinger—Ellison syndrome, only moderate increases in
serum gastrin levels have been observed during acute
and long-term treatment with either the proton pump
inhibitor, omeprazole, or with ranitidine.!™'® These
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Figure 4. Median ECL-cell number in various conditions (data
from Arnold et al.).'®

moderate increases mirror the levels in serum gastrin
obtained during or after selective proximal vagotomy
(SPV) (Figure 3).2 Selective proximal vagotomy has been

Table 1. Side-effects in patients receiving

pantoprazole, ranitidine or omeprazole Description Pantoprazole Ranitidine Omeprazole
Oedema 0 1 0
Vasodilation 1 0 0
Peripheral vascular disorder 0 1 0
Tremor 0 1 0
Taste perversion 0 1 0
Sleep disorder 0 1 0
Bilirubinaemia 0 1 1
Arthritis 0 0 1
Chills 0 1 0
Exfoliative dermatitis 1 0 0
Depression 0 1 0
Anorexia 0 1 0
Apathy 0 1 0
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Table 2. Frequency of adverse events (percentages in parentheses) for patients receiving pantoprazole (20, 40 or 80 mg), ranitidine

(300 mg) or omeprazole (20 mg)

Pantoprazole Pantoprazole Pantoprazole Ranitidine Omeprazole
Parameter 20 mg 40 mg 80 mg 300 mg 20 mg
Episodes 6 180 23 114 20
Patients with episodes
All episodes 6 (7.0%) 170 (10.6%) 21(15.2%) 105 (12.3%) 19 (11.0%)
Serious episodes 1(1.2%) 17 (1.1%) 0(0.0%) 9(1.1%) 3(1.7%)
Patients treated 86 1610 138 854 173

proven as safe for more than 30 years. In a recent
publication we described the ECL cell density in patients
several years after SPV, and the results showed that there
was a modest increase in ECL cell density, similar to that
observed after proton pump treatment.*!

Treatment with omeprazole for up to 6 years induces
only a modest increase in the ECL cell density, which is
much lower than that observed in patients with
Zollinger—Ellison syndrome or with pernicious anaemia
(Figure 4).17*®* A doubling of the mean argyrophil cell
volume density was paralleled by a decrease in the
normal endocrine cell growth pattern!” and an increase
in micronodular hyperplasia.'” These changes correlate
with the severity of corpus gastritis and seem to be more
disease- than drug-related.’” Similarly, only modest
increases in serum gastrin levels are observed in humans
with pantoprazole, increases which are not clinically
significant.?? From the present studies it can be concluded
that the monitoring of serum gastrin levels and of the ECL
cell numbers in fundic biopsies in patients treated with
proton pump inhibitors is of no clinical relevance, even
during the longer term.

Safety of proton pump inhibitors

There are numerous studies on the side-effects of proton
pump inhibitors which demonstrate that proton pump
inhibitors are as safe as H,-receptor antagonists. Most
studies compared the safety of omeprazole in comparison
with the H,-blockers cimetidine and ranitidine.?* **
Studies involving almost 3500 patients with peptic ulcer
and reflux oesophagitis indicated that the incidence of
the major side-effects in the short term, such as headache,
diarrhoea, abdominal pain, fatigue and flatulence, was
very similar following treatment with either drug. Ome-
prazole had no clinically relevant effects on laboratory
variables including: haematology; liver function;

DOCKET

_ ARM

electrolytes; renal function; thyroid hormones; blood
pressure; heart rate; ECG. Available data indicate that
pantoprazole is similarly well tolerated in humans.?*2

There is, in addition, ample evidence that the pattern
and frequency of adverse events following omeprazole
therapy did not increase, even during long-term treat-
ment.?® 3® In this symposium, Dr Schepp has presented
comparative data of side-effects in patients receiving
pantoprazole, ranitidine or omeprazole and observed
very little differences between them (Table 1).3!

Similarly, Table 2 shows percentages of all episodes, and
of serious episodes, of adverse events in patients receiving
pantoprazole (20, 40 or 80 mg/day), ranitidine (300
mg/day) or omeprazole (20 mg/day) for 4-8 weeks.
There was little difference between the three drugs in
terms of the frequency of serious episodes.

Interactions with pharmaceutical compounds

Proton pump inhibitors are metabolized mainly in the
liver via the cytochrome P450 system and it is possible
that interactions could occur with other drugs metabol-
ized by the same system. Interactions of omeprazole with
phenytoin, warfarin, diazepam, digoxin and nifedipine
have been described, some of which could possibly
achieve clinical significance. Pantoprazole has a much
lower potential than omeprazole for interaction with the
cytochrome P450 system and is likely to exhibit fewer
interactions with any of the above-mentioned drugs.?* 3*
Indeed, it has been shown in rats that pantoprazole
interacts less with the metabolism of diazepam and
theophylline in comparison with either of the other two
proton pump inhibitors or with cimetidine.?*3* Fur-
thermore, clinical studies with pantoprazole have demon-
strated no interaction with diazepam.?
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CONCLUSIONS

The clinically available proton pump inhibitors, panto-
prazole, omeprazole and lansoprazole, are well tolerated.
This holds true for overall safety, unwanted effects with
drug-metabolizing enzymes and the consequences of the
gastrin hypothesis. With proton pump inhibitors, there is
a low incidence of side-effects. Minor and serious side-
effects, classified as possibly related to proton pump
therapy, have been described in up to 2.59% of patients,
which is the same order of magnitude as that found in
patients treated with H,-receptor blockers and in placebo-
treated controls. In most cases, the observed side-effects
are unrelated to the intake of proton pump inhibitors.
Moreover, clinical monitoring of serum gastrin levels is
deemed unnecessary. With this overall good safety
profile, the proton pump inhibitors represent a very
useful treatment for the management of peptic ulcers and
other acid-related diseases.

Proton pump inhibitors are metabolized mainly in the
liver via the cytochrome P450 system, and interactions
with drugs metabolized by the same system are possible.
It appears that pantoprazole has considerably less po-
tential to interact with the cytochrome P450 system
than the other proton pump inhibitors and, in the case of
diazepam metabolism, pantoprazole in rats had the least
effect on prolongation of the diazepam effect. In clinical
use this may well be an advantage of the drug.

REFERENCES

1 Arcidiacono R, Benvestito V, Bonomo GM, et al. Comparison
between ranitidine 150 mg b.d. and ranitidine 300 mg nocte
in the treatment of duodenal ulcer. Int ] Pharmacol Ther
Toxicol 1986; 24: 381-4.

2 Alcala Santaella R, Guardia J, Pajares ], et al. A multicentre,
randomized, double blind study comparing nocte famotidine or
ranitidine for the treatment of active duodenal ulceration.
Aliment Pharmacol Ther 1989; 3: 103-10.

3 Bank S, Greenberg RE, Magier D, et al. The efficacy and
tolerability of famotidine and ranitidine on the healing of active
duodenal ulcer and during six-month maintenance treatment
with special reference to NSAID aspirin-related ulcers. Clin
Ther 1991; 13: 204-11.

4 Lee FJ, Reed PI, Crowe JP, et al. Acute treatment of duodenal
ulcer: a multicentre study to compare ranitidine 150 mg twice
daily with ranitidine 300 mg once at night. Gut 1986; 27:
1091-5.

5 Shin J M, Besancon M, Prinz C, Simon A, Sachs G. Continuing
development of acid pump inhibitors: site of action of panto-

DOCKET

_ ARM

10

11

12

13

14

15

16

17

18

19

20

21

SAFETY OF PROTON PUMP INHIBITORS 69

prazole. Aliment Pharmacol Ther 1994; 8 (Suppl. 1):
11-23.

Lundell L, Backman I, Ekstrém P, et al. Omeprazole or high-dose
ranitidine in the treatment of patients with reflux oesophagitis
not responding to ‘standard doses’ of H,-receptor antagonists.
Aliment Pharmacol Ther 1990; 4: 145-55.

Tytgat GNJ, Lamers CBHW, Hameeteman W, et al. Omeprazole
in peptic ulcers resistant to histamine H,-receptor antagonists.
Aliment Pharmacol Ther 1987; 1: 31-8.

Brunner G, Arnold R, Hennig U, Fuchs W. An open trial of
long-term therapy with lansoprazole in patients with peptic
ulceration resistant to extended high-dose ranitidine treatment.
Aliment Pharmacol Ther 1993; 7 (Suppl. 1): 51-5.

Walan A, Bader JP, Classen M, et al. Effect of omeprazole and
ranitidine on ulcer healing and relapse rates in patients with
benign gastric ulcer. N Engl ] Med 1989 320: 69-75.
Brunner G, Creutzfeldt W, Harke U, Lamberts S. Therapy with
omeprazole in patients with peptic ulcerations resistant to
extended high-dose ranitidine treatment. Digestion 1988; 38:
80-90.

Larsson H, Carlsson E, Hakonson R, et al. Time-course of
development and reversal of gastric endocrine cell hyperplasia
after inhibition of acid secretion. Gastroenterology 1988; 95:
1477-86.

Borch K, Renvall H, Kullman E, Wilander E. Gastric carcinoid
associated with the syndrome of hypergastrinemic atrophic
gastritis. Am J Surg Pathol 1987: 11: 435-44.

Solcia E, Capella C, Fiocca R, Rindi G, Rosati J. Gastric argyrophil
carcinoidosis in patients with Zollinger—Ellison syndrome due
to type 1 multiple endocrine neoplasia. Am ] Surg Pathol
1990; 14: 503-13.

Eissele R, Rosskopf B, Koop H, et al. Proliferation of endocrine
cells, in the rat stomach caused by drug-induced achlorhydria.
Gastroenterology 1991; 101: 71-6.

Eissele R, Patberg H, Koop H, et al. Effect of gastrin receptor
blockade on endocrine cells, in rats during achlorhydria.
Gastroenterology 1992; 103: 1596-601.

Solcia E, Bordi L, Creutzfeldt W, et al. Histopathological
classification of nonantral gastric endocrine growths in man.
Digestion 1988; 41: 185-200.

Lamberts R, Creutzfeldt W, Striiben HG, et al. Long-term
omeprazole therapy in peptic ulcer disease: gastrin, endocrine
cell growth, and gastritis. Gastroenterology 1993; 104:
1350-70.

Solcia E, Fiocca R, Havu N, et al. Gastric endocrine cells and
gastritis in patients receiving long-term omeprazole treatment.
Digestion 1992; 51: 82-92.

Arnold R, Frank M, Simon B, et al. Adaptation and renewal of
the endocrine stomach. Scand ] Gastroenterology 1992; 27
{Suppl. 193): 20-7.

Lind T, Cederberg L, Olausson M, Olbe L. 24 hour intragastric
acidity and plasma gastrin after omeprazole treatment and
after proximal gastric vagotomy in duodenal ulcer patients.
Gastroenterology 1990; 99: 1593-8.

Koop H, Frank M, Kuly S, et al. Gastric argyrophil (entero-
chromaffin-like), gastrin, and somatostatis cell, after proximal
selective vagotomy in men. Dig Dis Sci 1993; 38: 295-302.

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Nsights

Real-Time Litigation Alerts

g Keep your litigation team up-to-date with real-time
alerts and advanced team management tools built for
the enterprise, all while greatly reducing PACER spend.

Our comprehensive service means we can handle Federal,
State, and Administrative courts across the country.

Advanced Docket Research

With over 230 million records, Docket Alarm’s cloud-native
O docket research platform finds what other services can't.
‘ Coverage includes Federal, State, plus PTAB, TTAB, ITC
and NLRB decisions, all in one place.

Identify arguments that have been successful in the past
with full text, pinpoint searching. Link to case law cited
within any court document via Fastcase.

Analytics At Your Fingertips

° Learn what happened the last time a particular judge,

/ . o
Py ,0‘ opposing counsel or company faced cases similar to yours.

o ®
Advanced out-of-the-box PTAB and TTAB analytics are
always at your fingertips.

-xplore Litigation

Docket Alarm provides insights to develop a more
informed litigation strategy and the peace of mind of

knowing you're on top of things.

API

Docket Alarm offers a powerful API
(application programming inter-
face) to developers that want to
integrate case filings into their apps.

LAW FIRMS

Build custom dashboards for your
attorneys and clients with live data
direct from the court.

Automate many repetitive legal
tasks like conflict checks, document
management, and marketing.

FINANCIAL INSTITUTIONS
Litigation and bankruptcy checks
for companies and debtors.

E-DISCOVERY AND

LEGAL VENDORS

Sync your system to PACER to
automate legal marketing.

WHAT WILL YOU BUILD? @ sales@docketalarm.com 1-866-77-FASTCASE




