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Abstract Objective: Lansoprazole has undergone extensive clinical evaluation for the
treatment of acid-peptic diseases. The aim of this study was to define the safety
profile of lansoprazole and compare it to that of other therapeutic agents evaluated
in the same controlled trials.

Methods: The clinical safety profile of lansoprazole and comparative agents
(placebo, ranitidine and omeprazole) was reviewed for 3281 patients who partic-
ipated in short term (up to 8 weeks) and long term (up to 56 months) clinical trials
conducted in the US. Adverse events, laboratory value changes and gastric biopsy
changes that occurred during treatment were compared statistically for differ-
ences between treatments.

Results: The incidence of adverse events and number of patients discontinuing
treatment because of adverse events was similar for lansoprazole and comparative
agents. Other than elevated serum gastrin levels, a known effect of proton pump
inhibitors, no trends in laboratory changes were observed. Median values for
gastrin levels remained within the normal range; about 2% of patients had gastrin
levels >400 pg/ml at any time, while <1% had 2 or more gastrin values >500
pg/ml. Values returned to baseline levels after therapy was discontinued. No
significant changes in gastric endocrine cell growth from baseline to final visit
were observed, nor was there evidence of dysplasia or neoplasia.

Conclusion: Lansoprazole is well tolerated for both short and long term treat-
ment of acid-related disease. The tolerability of lansoprazole is comparable to
that of ranitidine, omeprazole and placebo in the treatment of these diseases.
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Lansoprazole, a proton pump inhibitor similar
to omeprazole, has undergone extensive clinical
evaluation for the treatment of acid-related dis-
eases, including endoscopically documented gas-
troesophageal reflux disease (GERD), duodenal ul-
cer, gastric ulcer, eradication of Helicobacter
pylori in combination with antibacterials, and
Zollinger-Ellison syndrome. Efficacy results from

clinical trials of lansoprazole in GERD, duodenal
ulcer and Zollinger-Ellison syndrome[1-4] indicate
that the agent is a highly effective treatment for
these conditions. Lansoprazole was superior to H2-
receptor antagonists (usually ranitidine 300 mg/day)
in relieving clinical symptoms as well as in healing
both oesophageal erosions and peptic ulcers. Addi-
tionally, lansoprazole was comparable to om-



eprazole in healing oesophageal erosions, faster in
controlling heartburn,[5-7] and significantly more
effective than either placebo or ranitidine in pre-
venting the recurrence of erosive GERD.[8-9]

Our purpose here is to define the safety profile
of lansoprazole and to compare it with that of the
other therapeutic agents evaluated in US clinical
trials.

Materials and Methods

Patient Population

A total of 3281 patients participated in clinical
trials comparing lansoprazole with placebo,
ranitidine or omeprazole in the treatment of GERD,
duodenal ulcer, gastric ulcer, Zollinger-Ellison
syndrome or Barrett’s epithelium. Of these patients
2233 received lansoprazole, and of these patients
1457 had GERD, 469 had duodenal ulcer, 207 had
gastric ulcer, 66 had Zollinger-Ellison syndrome
and 34 had Barrett’s epithelium. All non–Zollinger-
Ellison syndrome conditions required endoscopic
documentation for study entry; studies in Zollinger-
Ellison syndrome required documentation of in-

creased acid secretion. Patients with GERD and
duodenal ulcer were studied in both acute healing
trials (4 to 12 weeks) and long term (1-year) trials.
Most patients in the long term GERD and duodenal
ulcer studies entered from short term studies.
Those with gastric ulcer were enrolled only in acute
healing trials (8 weeks). Patients with Zollinger-
Ellison syndrome or Barrett’s epithelium had par-
ticipated in on-going, long term studies, and safety
data from these populations reflect treatment for up
to 56 months.

Table I summarises the demographic charac-
teristics of lansoprazole-treated patients involved
in the US clinical trial programme. In short term
studies, 86% of patients were Caucasian and 66%
were male. Their mean age was 48 years (range 18
to 84 years); 32% were tobacco users and 49% con-
sumed alcohol. Demographic characteristics were
similar in long term studies.

Lansoprazole Exposure by Dosage

In short term studies, 28% of patients received
lansoprazole 15 mg/day, 52% received 30 mg/day,

Table I.  Demographic characteristics of lansoprazole patients in US trials

Short term trials 
(n = 1885)

Long term trials

GU/DU/GERDa (n = 502) BE (n = 34) ZES (n = 66)

Gender (%)
 Female 34.2 35.5 14.7 36.4

 Male 65.8 64.5 85.3 63.6

Age (y)
 Mean 48 47.3 61 50.5

 Range 18-84 19-83 38-81 22-88

Race (%)
 Caucasian 85.9 89.8 97.1 69.7

 African-American 9.1 7 0 28.8

 Other 5 3.2 2.9 1.5

Tobacco users (%)
 Yes 32.1 34.1 26.5 42.2

 No 67.9 65.9 73.5 57.8

Alcohol users (%)
 Yes 48.8 46.6 29.4 35.6

 No 51.2 53.4 70.6 64.4

a 254 of these patients received lansoprazole during a short term trial as well as in the long term trials.

BE = Barrett’s epithelium; DU = duodenal ulcer; GERD = gastroesophageal reflux disease; GU = gastric ulcer; ZES = Zollinger-Ellison
syndrome.
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and 20% received 60 mg/day. Ranitidine was given
at a dosage of 300 mg/day and omeprazole at a dosage
of 20 mg/day. In long term, placebo-controlled
GERD and duodenal ulcer trials, most patients (79%)
received between 30 to 45 mg/day of lansoprazole.
In the Barrett’s epithelium trial, all patients re-
ceived lansoprazole 60 mg/day. Patients with
Zollinger-Ellison syndrome were given 60 mg/day
initially, with dosages adjusted up or down to meet
a target basal acid output. Table II summarises the
final dosages of lansoprazole in long term studies.

Adverse Event Reporting

An adverse event was defined as any adverse
sign or symptom that occurred during treatment,
whether or not it was considered to be drug-related.
Investigators were asked to judge whether the
event may have been caused by the drug based on
the following definitions:
• probable (temporal relationship and no poten-

tial alternate aetiology apparent)
• possible (temporal relationship but a potential

alternative aetiology existed)
• unrelated (evidence existed that the adverse event

was definitely related to another aetiology).

Clinical Laboratory Tests

Clinical laboratory evaluations were conducted
at a central clinical laboratory (SciCor Inc., India-
napolis, IN). Changes that might be clinically
meaningful (table III) were defined in advance of
each study according to criteria established by the
US Food and Drug Administration to detect values

requiring a more in-depth review; the same criteria
were used for all studies. Laboratory values meet-
ing these criteria for individual patient review were
analysed separately. Serum samples for determina-
tion of gastrin levels were drawn after an 8-hour
fast.

Gastric Biopsies

In a blinded study to assess the effect of
lansoprazole and other test agents on endocrine cells,
a subset of investigators obtained full-mucosal thick-
ness gastric biopsies. Four biopsy specimens were
obtained from the gastric mucosa of the body of
the stomach along the greater curvature. All sam-
ples were evaluated under the direction of Drs Wal-
ter Rubin and Marian Haber at the Medical College
of Pennsylvania in consultation with Dr Juan
Lechago, Baylor College of Medicine. Slides were
evaluated qualitatively for patterns of hyperplasia
according to the classification of gastric endocrine
cell distribution adapted from Solcia et al.[10]

Statistical Methods

Data from all patients who entered the treatment
period and received at least 1 dose of study medi-
cation were included in all safety analyses for
which they had baseline and treatment-period ob-
servations. P-values ≤ 0.05 were deemed statisti-
cally significant. Adverse events and laboratory
changes were analysed in all studies. The fre-
quency of possibly or probably treatment-related
adverse events reported during the study are pre-
sented in this report.

Table II.  Final dosage of lansoprazole in long term studies

Lansoprazole dosage (mg/day) No. of patients (%)

GU/DU/GERDa

(n = 502)
BE
(n = 34)

ZES
(n = 66)

Total
(n = 602)

≤ 15 107 (21%)  7 (11%) 114 (19%)

30-45 395 (79%) 18 (27%) 413 (69%)

60 34 (100%) 22 (33%)  56 (9%)

75-105  9 (14%)   9 (1%)

120-180 10 (15%)  10 (2%)

a 254 of these patients received lansoprazole during a short term trial as well as in the long term trials.
BE = Barrett’s epithelium; DU = duodenal ulcer; GERD = gastroesophageal reflux disease; GU = gastric ulcer; ZES = Zollinger-Ellison
syndrome.
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Data from long term studies of Zollinger-Ellison
syndrome and Barrett’s epithelium were analysed
separately by indication. Since reporting patterns
might have varied across studies, tests for treat-
ment differences in proportions of patients ex-
periencing adverse events were adjusted for study
using the Mantel-Haenszel method for combining
(2 × 2) tables. For each laboratory test variable, the
proportions of patients exhibiting changes meeting
predefined criteria of clinical concern (table III)
were compared between treatment groups using
Fisher’s exact test.

The percentage changes from baseline to each
evaluation point were calculated for all patients
who had fasting serum gastrin values available.

The Kruskal-Wallis test was used to test for base-
line differences between treatment groups in gas-
trin levels. For the short term studies, pairwise
comparisons of percentage changes from baseline
between treatment groups were performed using
the Wilcoxon 2-sample test. For long term control-
led studies, in which baseline values were obtained
after drug treatment, the Wilcoxon 2-sample test
was performed on actual values rather than on
changes from baseline. For long term noncompara-
tive studies, changes from baseline were analysed
using the Wilcoxon signed rank test.

Changes in Solcia classification of gastric biop-
sies from baseline to final visit were categorised as
decreased, unchanged or increased. The Cochran-
Mantel-Haenszel methodology for ordered re-
sponse variables was used to compare treatment
groups.

Results

Adverse Events

In the controlled trials, the incidence of adverse
events was similar between lansoprazole and the
comparator agents. Figure 1 shows the adverse
event profile lansoprazole and placebo in the four
placebo-controlled studies. There is a marked sim-
ilarity between the profiles for lansoprazole and
placebo. The incidence of none of the adverse
events differed significantly between the 2 treat-
ment groups.

Figure 2 shows the incidence of adverse events
in lansoprazole, omeprazole and placebo-treated
patients from a large, 3-arm study; no significant
differences among the treatment groups were ob-
served.

In the ranitidine-controlled trials, diarrhoea was
reported significantly more often among lanso-
prazole-treated patients compared with ranitidine-
treated patients (4.3 vs 1.5%, respectively, p ≤ 0.05).
A dose-response analysis of placebo-controlled
trials using different dosages of lansoprazole
indicated that the incidence of diarrhoea was dose
dependent. The incidence was 1.4% in patients re-
ceiving lansoprazole 15 mg/day, 4.2% in patients

Table III. Criteria for clinical laboratory levels of clinical concerna

Laboratory value Clinical review levelb

Haematology
 Haematocrit ≤ 0.371 (M); ≤ 0.321 (F)

 Haemoglobin level ≤ 115 g/L (M); ≤ 95 g/L (F)

 Platelet count ≤ 75 × 109/L

 WBC count ≤ 2.8 × 109/L

Hepatic
 Alkaline phosphatase  level >3 × ULN

 GGT level >3 × ULN

 AST level >3 × ULN

 ALT level >3 × ULN

 Total bilirubin level ≥ 68 µmol/L

Metabolic/nutritional
 Albumin level ≤ 25 g/L

 Glucose level ≥ 14 mmol/L

 Total protein level ≤ 50 g/L

Renal
 BUN level ≥ 11 mmol/L

 Creatinine level ≥ 178 µmol/L

 Calcium level ≥ 3 mmol/L

 Phosphorus level ≤ 0.48 mmol/L

 Uric acid level ≥ 625 µmol/L (M); ≥ 506  µmol/L
(F)

a Values were predefined based on US Food and Drug Adminis-
tration requirements, with the same criteria used in each trial.

b Value must also have been more abnormal or equal to the pa-
tient’s baseline value.

ALT = alanine amino transferase; AST = aspartate amino transfer-
ase; BUN = blood urea nitrogen; F = female; GGT = γ-glutamyl
transferase; M = male; ULN = upper limit of normal; WBC = white
blood cell.
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receiving 30 mg/day, and 7.4% in patients receiv-
ing lansoprazole 60 mg/day. The incidence of diar-
rhoea in the placebo groups was 2.9%, and a statisti-
cally significant difference was evident between
placebo and lansoprazole 60 mg/day. In the study
comparing lansoprazole to omeprazole, the inci-
dence of diarrhoea was comparable between the
two groups; the incidence in the lansoprazole
30 mg/day group was 3.6%, and that compared
with 3.9% in the omeprazole 20 mg/day recipients.

In long term studies, lansoprazole was as well
tolerated as placebo and no significant between-
group differences were evident in the incidence of
any adverse event. Diarrhoea occurred in 2% of
placebo-treated patients and 3.2% of lansoprazole-
treated patients — this was the only event consid-
ered treatment-related and reported by at least 2%
of patients in any treatment group.

In the open-label study of 34 patients with Bar-
rett’s epithelium treated with lansoprazole 60 mg/day,
five patients (15%) reported a treatment-related
adverse event and diarrhoea was the only event
reported by more than one patient (n = 3).
Among the 66 patients with Zollinger-Ellison syn-

drome, adverse events reported by more than one
patient were diarrhoea (n = 4), nausea (n = 3) and
headache (n = 3).

Premature Discontinuations

Withdrawals from all clinical trials due to ad-
verse events occurred infrequently (table IV). At
all dosage levels in both short and long term stud-
ies, the rate of premature discontinuations occur-
ring in lansoprazole groups was similar to that in
control groups. Upon review of drug-related
causes for study withdrawal, there were no discern-
ible trends.

Laboratory Value Changes
Tables V and VI summarise laboratory values

that met criteria for clinical concern, requiring a
review of individual patients’ laboratory data. Sta-
tistically significant between-group differences
were observed only in the number of patients with
low haemoglobin levels or haematocrit values. In
the short term, placebo-controlled trials, a signifi-
cantly greater incidence of low haemoglobin levels
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0

10

20

30

40

In
ci

de
nc

e 
(%

)

All events Headache Diarrhoea Abdominal
pain

Nausea

Placebo (n = 467)
Lansoprazole (n = 457)
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occurred during placebo administration than dur-
ing lansoprazole administration; in long term trials,
a greater incidence of low haematocrit values was
evident in lansoprazole-treated patients. There
were no corresponding significant differences in

other measures of low red blood cell count in these
patient groups. Review of data from individual pa-
tients indicated that the majority of changes were
sporadic during treatment, had returned to near
baseline values by the final treatment visit or were
associated with a concurrent condition. Changes in
laboratory values among patients over 65 years of
age were similar to those in the total population.

Serum Gastrin Levels

During short term trials, most fasting serum gas-
trin values remained within the normal range.
Among the few patients exhibiting very high gas-
trin levels, values in lansoprazole recipients were
significantly higher than those in ranitidine 300
mg/day recipients and were similar to those ob-
served in omeprazole 20 mg/day recipients (fig. 3).
Increases in gastrin levels were dose dependent,

Table V.  Percentage of patients exhibiting laboratory values of clinical concern in short term controlled trials

Laboratory value Placebo-controlled trials Ranitidine-controlled trials

placebo (n/N) lansoprazole (n/N) ranitidine (n/N) lansoprazole (n/N)

Haematology a

 Haematocrit 2.1 (9/432) 1.2 (16/1379) 0.9 (3/332) 2.1 (11/518)

 Haemoglobin level 1.4 (6/433)b 0.4 (5/1382) 0.3 (1/332) 0.8 ( 4/518)

 WBC count 0 0 0.3 (1/332) 0

 Platelet count 0.2 (1/432) 0 0 0

Hepatic
 AST level 0.7 (3/438) 0.3 (4/1394) 0.3 (1/332) 0.8 (4/518)

 ALT level 0.7 (3/438) 0.4 (5/1394) 0 0.4 (2/518)

 GGT level 0.5 (2/438) 0.9 (12/1393) 0.9 (3/332) 1.4 (7/518)

 Total bilirubin level 0.2 (1/437) 0 0 0

Metabolic/nutritional
 Albumin level 0 0.1 (1/1391) 0.3 (1/332) 0

 Glucose level 0.2 (1/437) 0.4 (5/1391) 0 0.2 (1/518)

 Total protein level 0 0.1 (1/1394) 0.3 (1/332) 0

Renala

 BUN level 0 0.3 (4/1393) 0.9 (3/332) 0.2 (1/518)

 Creatinine level 0.2 (1/438) 0.1 (1/1393) 0.6 (2/332) 0.2 (1/518)

 Phosphorus level 0 0.1 (1/1386) 0 0

 Uric acid level 0 0.7 (10/1394) 0.6 (2/332) 0.8 (4/518)

a No patients had alkaline phosphatase or calcium values of clinical concern.

b p ≤ 0.05 vs lansoprazole group.

ALT  = alanine amino transferase; AST = aspartate amino transferase; BUN = blood urea nitrogen; GGT = γ-glutamyl transferase; n/N =
number of patients discontinuing clinical trials because of adverse events/total number of patients in the clinical trial(s); WBC = white blood
cell.

Table IV.  Percentage of patients discontinuing clinical trials be-
cause of adverse events

Comparative
drug (n/N)

Lansoprazole
(n/N)

Short term studies
 Placebo-controlled 1.7 (8/467) 2.3 (33/1457)

 Ranitidine-controlled 3.8 (13/338) 4.3 (23/533)

 Omeprazole-controlled 2.1 (9/431) 1.4 (9/640)

Long term studies
 Placebo-controlled 8 (16/201) 6 (19/315)

n/N = number of patients discontinuing clinical trials because of
adverse events/total number of patients in the clinical trial(s).
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with the largest median percent increase occurring
in the lansoprazole 60 mg/day recipients (fig. 4).
Changes in the lansoprazole 30 mg/day and 60
mg/day recipients were significantly greater than
those in the lansoprazole 15 mg/day recipients (p
= 0.016 and 0.001, respectively). The median in-
crease was 50% to 100% over baseline, which
reached a plateau after 4 weeks of lansoprazole
therapy. As shown in figure 4, values in all treat-
ment groups returned to near-baseline levels by 1
month after treatment.

Similar results were seen in the long term con-
trolled GERD and duodenal ulcer studies, in which
patients received lansoprazole for up to 15 months.
Serum gastrin values increased significantly from
baseline values, reaching a plateau after 2 months
of treatment. As in the short term studies, most gas-
trin values remained within the normal range (fig.
5). The highest fasting serum gastrin level seen in
any patient during lansoprazole therapy was 1389
pg/ml. Approximately 2% of patients had a gastrin
level exceeding 400 pg/ml at any time during treat-

ment, while fewer than 1% of patients had values
above 500 pg/ml on 2 or more occasions.

Table VI.  Percentage of patients exhibiting laboratory values of clinical concern in short and long term trials

Laboratory value Short term studies (omeprazole-controlled) Long term studies (placebo-controlled)

omeprazole (n/N) lansoprazole (n/N) placebo (n/N) lansoprazole (n/N)

Haematology a

 Haematocrit 2 (8/395) 2.1 (12/585) 0 2.3 (7/310)b

 Haemoglobin level 0.8 (3/397) 0.5 (3/588) 0 0.6 (2/310)

 WBC count 0 0 0 0

Hepatic a

 AST level 0.2 (1/402) 0.5 (3/599) 1.1 (2/188) 0

 ALT level 0.2 (1/402) 0.8 (5/599) 0.5 (1/188) 0

 GGT level 1.5 (6/402) 1.8 (11/598) 0.5 (1/188) 1.3 (4/310)

Metabolic/nutritional
 Albumin level 0 0 0 0

 Glucose level 0.8 (3/400) 1 ( 6/597) 0 1.3 (4/310)

 Total protein level 0 0 0 0

Renala

 BUN level 0.7 (3/402) 0 0 0

 Creatinine level 0.5 (2/402) 0 0 0.6 (2/310)

 Phosphorus level 0 0 0 0.3 (1/310)

 Uric acid level 0.2 (1/402) 0.8 (5/599) 0 1 (3/310)

a No patients had platelet counts, alkaline phosphatase, bilirubin or calcium values of clinical concern.

b p ≤ 0.05 vs placebo group.

ALT  = alanine amino transferase; AST = aspartate amino transferase; BUN = blood urea nitrogen; GGT = γ-glutamyl transferase; n/N =
number of patients discontinuing clinical trials because of adverse events/total number of patients in the clinical trial; WBC = white blood cell.
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Fig. 3.  Fasting serum gastrin levels at baseline and after 8 weeks
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30mg. A similar increase in the gastrin levels was observed with
both proton pump inhibitors. o = gastrin value >400 pg/ml.
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Gastric Biopsies

There were no significant changes in the Solcia
classification of gastric endocrine cell distribution
from baseline to final visit in either short or long
term studies. Eight short term study patients (1.2%)
receiving lansoprazole treatment exhibited higher
than normal qualitative histopathological changes
at the final visit and all 8 had simple (diffuse) hy-
perplasia. In long term studies, 3 patients receiving
lansoprazole for GERD had normal first biopsies
followed by simple hyperplasia on biopsies taken
later at recurrence of GERD or at the final visit.
One patient treated for Barrett’s epithelium had a
normal first biopsy and simple hyperplasia on bi-
opsy after 3.5 years of lansoprazole treatment. Two
patients with Zollinger-Ellison syndrome had nor-

mal biopsies at baseline, with either simple or
micronodular hyperplasia on final biopsies after
more than 2.6 years of lansoprazole therapy.

Biopsy results for changes in acute and chronic
inflammation in controlled maintenance studies
demonstrated that there were no adverse changes
of clinical concern. Changes in the corpus were
similar in placebo- and lansoprazole-treated pa-
tients for both acute and chronic inflammation,
with increases in chronic inflammation grade ob-
served in both groups. In the antral biopsies, a
smaller percentage of patients in the lansoprazole
group showed increased inflammation compared
to the placebo group.

The prevalence of corpus gastric atrophy among
H. pylori–positive patients treated with long term
lansoprazole was 1% (1 out of 99 patients). When
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antral biopsies were evaluated for the presence of
gastric atrophy in 87 patients, only 1 had atrophy
identified at the final visit (1.1% or 1 out of 87
patients) and this patient was H. pylori–positive.
At baseline, before any lansoprazole treatment, 3
patients (6.3% or 3 out of 87 patients) presented
with atrophy and all were H. pylori–positive. Only
1 patient had both corpus and antral gastric atrophy
identified during a long term study.

The point prevalence of intestinal metaplasia
during lansoprazole treatment was similar to the
point prevalence observed at baseline. One lanso-
prazole-treated and 1 placebo-treated patient had
possible evidence of incomplete (colonic) intesti-
nal metaplasia during treatment; both patients were
H. pylori–positive. These results suggest that
lansoprazole treatment is not associated with the
development of intestinal metaplasia.

Overall, there was no evidence of dysplasia or
neoplasia among lansoprazole-treated patients,
and changes from baseline were similar to those
seen with the comparative drugs (table VII). Anal-
yses of these studies indicate that long term treat-

ment with lansoprazole produced no clinically
meaningful adverse effects on gastric mucosa mor-
phology.

Discussion

Results of these safety analyses demonstrate
that lansoprazole is well tolerated. Like om-
eprazole,[11-12] the adverse effect profile of lanso-
prazole is generally comparable to that observed
with placebo. In a direct comparison study, rates of
adverse events (including diarrhoea) and labora-
tory changes (including gastrin levels) were sim-
ilar for lansoprazole and omeprazole. Short term
studies comparing lansoprazole and ranitidine in-
dicated a higher incidence of diarrhoea with
lansoprazole compared with ranitidine. However,
placebo-controlled, dose-response trials indicated
a lower incidence of diarrhoea in patients taking
lansoprazole 15 and 30 mg/day compared with pla-
cebo and a significantly higher incidence of diar-
rhoea in patients taking lansoprazole 60 mg/day
compared with placebo. These differences may re-
flect an increased tolerance to H2-antagonist ther-
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Fig. 5.  Fasting serum gastrin levels at baseline, during maintenance treatment, and 1 and 3 months (mo) after treatment. The median
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apy in the patients receiving ranitidine, since most
of these patients had received a 12-week course of
ranitidine treatment before entering the studies re-
ported here. Consequently, the incidence of diar-
rhoea experienced by these patients during ranitid-
ine therapy was probably lower than that generally
experienced with that drug. This observation is
supported by a large study of adverse reactions to
ranitidine in which diarrhoea was the most fre-
quently reported event: 3.3% among 18 126 patients
receiving short term therapy and 2.9% among 3553
patients receiving maintenance treatment.[13] 

A primary concern about the use of proton pump
inhibitors is the indirect effect on serum gastrin
levels and the possibility that long term treatment
might be associated with gastric endocrine cell ef-
fects and carcinoid tumour formation. The fre-
quency and magnitude of hypergastrinaemia was
similar during lansoprazole and omeprazole treat-
ment. The 2% incidence of gastrin values above
400 pg/ml at any time during lansoprazole treat-
ment in non–Zollinger-Ellison syndrome patients
is well within the range of 11% reported for om-
eprazole at dosages of 20 to 60 mg/day given long
term for GERD.[14]

In the rat model, long term treatment with pro-
ton pump inhibitors resulted in prolonged, mark-
edly elevated levels of gastrin[15-16] and a dose- and
gender-dependent incidence of enterochromaffin-
like (ECL) cell gastric carcinoid tumours.[16-17]

Two major differences between rats and humans in
the development of ECL cell tumours have been
identified: the magnitude of exposure to elevated
gastrin levels, and a genetic predisposition in rats
toward ECL cell hyperplasia.[18] Based on human

and experimental animal experience, these investi-
gators concluded that severe, long-standing hyper-
gastrinaemia acting on genetically normal, gastritis-
free gastric mucosa in humans does not produce
carcinoids, nor even preclinical lesions. However,
when coupled with other tumourigenic factors, in-
cluding the genetic trait of MEN-1 syndrome, or
severe, long-standing chronic atrophic gastritis of
pernicious anaemia, gastrin may work as a tumour
promoter by acting on genetically-transformed
cells. The conclusion that acid-suppression with
proton pump inhibitors will not lead to carcinoid
tumour development in humans is further sup-
ported by long term experience with omepra-
zole[14,19-20] and the experience with lansoprazole
reported here. Treatment with lansoprazole for up
to 4 years, and with omeprazole for up to 7 years,
has not been associated with any gastric endocrine
or non-endocrine cell neoplastic or dysplastic
changes.

Conclusion

In conclusion, this analysis indicates that lanso-
prazole is well tolerated for both short and long
term treatment of acid-related disease. Moreover,
no clinically significant interaction between lanso-
prazole and other drugs metabolised by the cyto-
chrome P450 system have been observed.[21,22] The
recommended dosages of lansoprazole 15 and
30 mg/day for non–Zollinger-Ellison syndrome
conditions show an adverse effect profile compa-
rable to that of placebo, and its overall safety pro-
file is consistent with that of omeprazole and
ranitidine. Safety and tolerability are similar in
both short and long term clinical experiences, in-

Table VII.  Gastric biopsy comparisons in controlled trials

First biopsy Last biopsy Short term studies Long term studies

no. of placebo
recipients (%)

no. of
ranitidine
recipients (%)

no. of
omeprazole
recipients (%)

no. of
lansoprazole
recipients (%)

no. of
placebo
recipients (%)

no. of
lansoprazole
recipients (%)

Normal Normal 160 (98.8) 169 (96) 257 (100) 731 (98.3) 107 (99.1) 204 (97.1)

Normal Hyperplastic 0 2 (1.1) 0 7 (0.9) 0 3 (1.4)

Hyperplastic Normal 1 (0.6) 2 (1.1) 0 5 (0.7) 1 (0.9) 2 (1)

Hyperplastic Hyperplastic 1 (0.6) 3 (1.7) 0 1 (0.1) 0 1 (0.5)

204 Freston et al.

 Adis International Limited. All rights reserved. Drug Safety 1999 Feb; 20 (2)



cluding, in comparison with omeprazole, the
changes seen in fasting gastrin levels, as well as the
magnitude of such changes.
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