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The following class review is based on current literature and expert opinion from clinicians.  
It is expected that significant, new information will be forthcoming in this drug class. Thus, 
the following recommendations are dynamic and will be revised as new clinical data becomes 
available.  This review is not intended to interfere with clinical judgment.  Rather, it is 
intended to assist practitioners in providing cost effective, consistent, high quality care. 

Objective 
1. To provide an abbreviated review of the currently available proton pump inhibitors (PPIs) 

in the treatment of acid-related gastrointestinal disorders (see Table 1). 
Table 1 Proton pump inhibitors available in the U.S. 

Generic 
Name 

 
Esomeprazole 

 
Lansoprazole 

 
Omeprazole 

 
Pantoprazole 

 
Rabeprazole 

Brand Name Nexium Prevacid Prilosec Protonix Aciphex 
Manufacturer AstraZeneca TAP Pharm Astra Wyeth-Ayerst Eisai/Janssen 
Dosage 
forms  
 

Caps, DR:   
20, 40 mg 

Caps, DR:   
15, 30 mg 
Susp, DR (30 ml):
15, 30 mg 

Caps, DR:   
10, 20, 40 mg 

Tabs, DR:   
40 mg 
I.v. injection: 
40 mg/vial 

Tabs, DR:   
20 mg 

Caps = Capsules; DR = Delayed-release; I.v. = Intravenous; Susp = Suspension; Tabs = Tablets 

 

2. To provide a brief comparison of the PPIs to aid in negotiating contracts for these agents 
for the Veterans Health Administration. 

Indications and Dosage 
The PPIs are FDA-approved for a variety of gastrointestinal acid-related disorders (see Table 2). 
Lansoprazole and omeprazole have the greatest number of approved indications for management 
of duodenal ulcers, gastric ulcers, GERD, or pathologic hypersecretory conditions.  

Lansoprazole is the only PPI approved for healing or risk reduction of nonsteroidal anti-
inflammatory drug (NSAID)-related gastric ulcers, and there is off-label experience with 
pantoprazole for this indication.1 Healing and maintenance of erosive esophagitis are currently 
the main approved indications for pantoprazole, which is the first PPI available in a parenteral 
(intravenous) formulation for the short-term (7- to 10-day) treatment of GERD in patients who 
are unable to continue taking the oral tablets. Off-label use of pantoprazole in the management of 
duodenal and gastric ulcers has been documented in a number of double-blind randomized 
controlled trials (DBRCTs).2-9 All of the PPIs have approved indications for treatment of erosive 
or ulcerative reflux esophagitis. Omeprazole has dosing recommendations specifically for 
treatment of non-erosive reflux disease.  
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Table 2 FDA-approved indications, off-label uses (OLUs), and dosages for PPIs 

Indication Esomeprazole Lansoprazole Omeprazole Pantoprazole Rabeprazole 
Duodenal ulcers      
Healing � 15 mg q.d. 

 × 4 wk 
20 mg q.d. 

× 4 to 8 wk 
40 mg q.d. 

× 2 to 4 wk 
(OLU) 

20 mg q.d. 
× ≤ 4 wk 

Maintain healing � 15 mg q.d. 10 to 20 mg 
q.d. (OLU) 

� � 

Eradicate Helicobacter pylori 
associated with duodenal 
ulcers 

40 mg q.d.  
× 10 d in 3-drug 
regimen 

30 mg b.i.d.  
× 10 or 14 d 
in 2- or 3-
drug 
regimens 

20 mg b.i.d. 
or 40 mg 
q.d. 
× 28 d in 
various 2- 
or 3-drug 
regimens 

� 20 mg b.i.d. × 
5 to 7 d in 
various 2-, 
3-, or 4-drug 
regimens 
(OLU-N) 

Gastric ulcers      
Healing, non-NSAID�related � 30 mg q.d.  

× ≤ 8 wk 
40 mg q.d.  

× 4 to 8 wk 
40 mg q.d.  

× 4 or 8 wk 
(OLU) 

20 mg q.d. 
× 3 or 6 wk 
(OLU) 

Healing, NSAID-related � 30 mg q.d.  
× 8 wk 

� 40 mg q.d. × 
12 wk (OLU) 

� 

Reduce risk, NSAID-related � 15 mg q.d. 
× ≤ 12 wk 

� 40 mg q.d. × 
12 wk (OLU) 

� 

GERD      
Relieve symptoms 20 mg q.d.  

× 4 wk 
15 mg q.d.  

× ≤ 8 wk 
(NERD) 

20 mg q.d. 
× 4 wk 

40 mg q.d.  
× 4 or 8 wk 
(OLU) 

20 mg q.d.  
× 4 to 8 wk 
(OLU, 
including 
NERD) 

Healing of erosive or 
ulcerative esophagitis 

20 or 40 mg q.d. 
 × 4 to 8 wk 

30 mg q.d. 
× ≤ 8 wk 

20 mg q.d.  
× 4 to 8 wk 

40 mg q.d. 
× ≤ 8 wk 

20 mg q.d.  
× 4 to 8 wk 

Maintain healing of erosive 
or ulcerative esophagitis 

20 mg q.d. 15 mg q.d. 20 mg q.d. 40 mg q.d. 20 mg q.d. 

Short-term treatment of 
GERD as an alternative to 
oral therapy in patients 
unable to continue taking 
tablets 

� � � 40 mg q.d.  
× 7 to 10 d 
(i.v.) 

� 

Posterior laryngitis, 
suspected GERD-related 
with or without 
esophageal symptoms  

� � 20 or 40 mg 
q.h.s. × 6 to 
24 wk or 
20 mg b.i.d. 
× 4 to 12 
wk (OLU) 

� � 

Hypersecretory conditions � 60 to 180 mg a 
day in 1 or 2 
divided 
doses 

60 to 360 mg 
a day in 1 
to 3 divided 
doses 

� 60 or 120 mg 
a day in 1 or 
2 divided 
doses  

Sources:  1-35 
All doses refer to oral administration except as indicated. 
OLU = Off-label use supported by at least one double-blind, randomized controlled trial comparing PPI to placebo or active 
comparator or rated as having at least �fair� documentation in Off-Label Drug Facts (2001).16  
OLU-N = Off-label use supported by at least one noncomparative, double-blind, randomized trial or at least one comparative open-
label randomized trial (where comparative refers to comparisons between rabeprazole and another PPI or placebo). 
NERD = Non-erosive (endoscopy-negative) reflux disease  
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Dosing in special patient populations 
Dosage adjustment of the PPIs may be necessary in patients with hepatic impairment (Table 3). 
None of the PPIs require dosage adjustment in renal impaired or elderly patients. Race-related 
pharmacokinetic differences have been noted in Asian patients treated with lansoprazole, 
omeprazole, and rabeprazole.  
Table 3 Dosage adjustments in special populations 

Population 
characteristic 

Esomeprazole 
magnesium 

 
Lansoprazole 

 
Omeprazole 

 
Pantoprazole 

 
Rabeprazole 

Hepatic 
impairment 

Max. ≤ 20 mg 
q.d. 

Severe 
impairment:  
decrease �dose 

Consider 
decrease �in 
dose 

Weigh risks vs. 
benefits of q.o.d. 
dosing 

Severe 
impairment:  use 
caution 

Renal 
impairment 

No adjustment No adjustment No adjustment No adjustment No adjustment 

Elderly No adjustment No adjustment No adjustment No adjustment No adjustment 
Gender No adjustment No adjustment No data No adjustment No adjustment 
Race No data Limited data 

suggests increased 
AUC in Asians; no 
dosing 
recommendations 

Consider 
decreasing dose 
in Asians 

No data AUC increased 
50% to 60% in 
Japanese using 
different 
formulations; no 
dosing 
recommendations  

Sources:  11-15 

 

Compliance factors 
Alternative dosing packages or methods of administration that may improve patient convenience 
or aid patient adherence to medication regimens are available for all of the PPIs except 
rabeprazole (Table 4). According to the manufacturer (Eisai Inc. product information, verbal 
communication, June 2001), there are currently no alternative methods of administration for 
rabeprazole (which is available only as delayed-release tablets that must be swallowed whole) in 
patients who have difficulty swallowing or are unable to take oral medication. 
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Table 4 Alternative methods of administration 

Indication / 
Problem 

Esomeprazole Lansoprazole Omeprazole Pantoprazole 

H. pylori 
eradication 

� Prevpac® (lansoprazole / 
amoxicillin / clarithromycin) 
dosing package 

� � 

Difficulty 
swallowing 

Open capsule 
and sprinkle 
pellets in 
applesauce, tap 
water, orange 
juice, apple 
juice, or yogurt. 

1. Delayed-release oral 
suspension 
2. Open capsule and sprinkle 
granules in applesauce, Ensure 
pudding, cottage cheese, 
yogurt, strained pears, orange 
juice, or tomato juice. 
3. Nasogastric (NG) 
administration:  open capsules, 
mix intact granules with 40 ml of 
apple juice, then inject into NG 
tube. 

1. Open capsule and 
sprinkle granules in 
applesauce or orange 
juice (OLU).36  
2. Extemporaneously 
compounded 
omeprazole suspension 
(OLU).37 

� 

Unable to 
continue oral 
tablets 

� � � Intravenous 
formulation 

OLU = Off-label use 
 

Safety 

Common adverse events 
All of the available PPIs have been well tolerated in short- and long-term clinical trials with no 
remarkable differences in the adverse event profiles between agents. The most frequently 
reported adverse events (those occurring in greater than or equal to 1% of patients in at least one 
treatment group) affected the gastrointestinal or central nervous system (Table 5). Dose-related 
increases in the frequency of diarrhea were noted in premarketing clinical trials for lansoprazole. 
For the other PPIs, dose-related adverse events were either not observed (pantoprazole, 
rabeprazole) or not reported (esomeprazole, omeprazole). 

 
Table 5 Most frequently occurring adverse events (≥≥≥≥ 1% of patients in at least one treatment group) 

 Frequency as percentage (%) of patients 
[Rates in brackets refer to adverse events considered by the  

investigator to have possible, probable, or definite relationship to drug.] 
Adverse Event Esomeprazole Lansoprazole Omeprazole Pantoprazole Rabeprazole 
Gastrointestinal System      

Diarrhea 4.3 � [1.4 to 7.4] 3.0 [1.9] � [4 to 6] NS 
Abdominal pain 3.8 � [1.8] 2.4 [0.4] � [1 to 4] NS 
Nausea NS � [1.4] 2.2 [0.9] NS NS 

Central Nervous System      
Headache 3.8 to 5.5 � [> 1%] 3.8 to 6.9 [NS to 2.4] � [6 to 9] � [2.4] 

Sources:  11-15 
Rates reflect the results of different clinical trials and are therefore not directly comparative. 
NS = Not stated. 
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Studies in rats have found PPI-induced hyperplasia of gastric enterochromaffin-like (ECL) cells 
and, in some cases, gastric neuroendocrine cell tumors, which may result from chronic 
hypergastrinemia.11-15 Time- and dose-related increases in the frequency of ECL cell hyperplasia 
and hypergastrinemia have been observed in patients treated with PPIs for 6 months to 5 years in 
clinical trials.11-15  No dysplastic or neoplastic changes of the ECL cells in the gastric mucosa 
have been detected and no patient has developed the carcinoid tumors observed in rats.  

Postmarketing Adverse Events 
Voluntarily reported adverse events associated with postmarketing experience with the PPIs have 
been disclosed in the package inserts for lansoprazole, omeprazole, pantoprazole, and 
rabeprazole.12-15 No data was available for esomeprazole, which was only recently marketed. 
Postmarketing adverse events have generally been consistent with short-term use of the PPIs and 
no clear differences between agents have been noted. Blood dyscrasias and serious allergic 
reactions have been reported. In many cases, a relationship with the PPI could not be established.  

Drug Interactions 
The two main mechanisms of drug-drug interactions relevant to PPIs are (1) inhibition or 
induction of CYP450 isoenzymes, and (2) alteration of drug absorption. These interactions are 
summarized in Table 6.  

All of the available PPIs are metabolized by CYPs 2C19 and 3A4 to varying degrees. Other 
isoenzymes (1A2, 2C9, and 2D6) may be affected by the PPIs but are not involved in their 
metabolism.38 Omeprazole has differential affinity for selected P450 isoenzymes.39 Pantoprazole 
has a lower affinity for P450 and is also metabolized by a non-P450 enzyme, sulphotransferase.38 
Similarly, rabeprazole has lower affinity for 2C19 than omeprazole.40 

Omeprazole has the greatest potential to cause drug interactions, while lansoprazole, 
pantoprazole and rabeprazole are less likely to be involved in CYP450-mediated drug 
interactions.41, 42 Esomeprazole, the S-isomer of omeprazole, has been involved in some drug 
interactions,11 but experience is limited. Overall, there are few clinically relevant drug 
interactions with the PPIs that involve the CYP450 isoenzymes, and none have been reported for 
pantoprazole and rabeprazole (see Table 6).38, 41  

PPIs may decrease or increase the bioavailability of other drugs whose absorption is dependent 
on gastric pH (see Table 6). The profound inhibition of gastric acid secretion by PPIs results in 
decreased plasma concentrations of ampicillin, iron salts, and ketoconazole. Increases in digoxin 
bioavailability (area under the curve) have occurred with omeprazole (10% increase) 43 and 
rabeprazole (19% increase).44  
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Table 6 Selected drug interactions involving the proton pump inhibitors 

  Object drugs that may interact with the proton pump inhibitors 
 
 
Mechanism 

Effect of object 
drug 

 
 
Esomeprazole 

 
 
Lansoprazole 

 
 
Omeprazole 

 
 
Pantoprazole 

 
 
Rabeprazole 

CYP450 inhibition 
 

↑ Clarithromycin↔ 
Diazepam 

OCPs (?)� 
 

Benzodiazepines 
Diazepam� 
Flurazepam 
Triazolam 

Carbamazepine� 
Clarithromycin↔ 
Cyclosporin� 
Disulfiram 
Phenytoin� 
Tolbutamide 
Warfarin� 

� � 

CYP450 induction ↓ � Theophylline Caffeine � � 

Decrease GI 
absorption  

↓ Ampicillin 
Delavirdine� 
Indinavir� 
Iron salts  
Itraconazole� 
Ketoconazole� 

Ampicillin 
Delavirdine� 
Indinavir� 
Iron salts  
Itraconazole� 
Ketoconazole� 

Ampicillin 
Delavirdine� 
Indinavir� 
Iron salts  
Itraconazole� 
Ketoconazole� 

Ampicillin 
Delavirdine� 
Indinavir� 
Iron salts  
Itraconazole� 
Ketoconazole� 

Ampicillin 
Delavirdine� 
Indinavir� 
Iron salts  
Itraconazole� 
Ketoconazole� 

Increase GI 
absorption 

↑ � Digoxin� 
 

Digoxin� 
 

� Digoxin� 

Sources:  11-15, 38, 41-48 
The list of drugs in this table is not intended to be all-inclusive. Consult appropriate references for a comprehensive list of drugs that 
may interact with proton pump inhibitors. 
OCP = Oral contraceptive pills  
� Potential clinically relevant interaction.  
↔ Two-way interaction; clarithromycin may increase plasma omeprazole and esomeprazole concentrations. Omeprazole may 

increase plasma clarithromycin and 14-hydroxyclarithromycin concentrations. Esomeprazole may increase plasma 14-
hydroxyclarithromycin concentrations. 

? Unclear effect 

 

Clinical Efficacy 
The PPI doses comparable to those of lansoprazole were indirectly inferred from relative 
efficacies of PPIs compared primarily with omeprazole in 25 double-blind, randomized 
controlled trials (see Table 7). The relative efficacies were based on subjective (symptom relief) 
or objective (e.g., endoscopic or pH-metric) measures of response to treatment in patients with 
duodenal ulcers, duodenal ulcers with Helicobacter pylori infection, gastric ulcers, 
gastroesophageal reflux disease, erosive esophagitis, or dyspepsia. 
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Table 7 Comparable doses of PPIs  

Relative efficacy of PPIs in comparison with the following doses of lansoprazole (LAN): 
(Doses in mg q.d.) 

LAN 15 LAN 30 

≤ ESO 20 or 40 
≤ OME 10 or 20 
= PAN 40 
≤ RAB 20 

≤ ESO 20 or 40 
≥ OME 20 or 40 
= PAN 40 
≤ RAB 20 

Sources:  2, 7, 8, 11, 20, 22, 23, 49-66 
The comparable doses of proton pump inhibitors (PPIs) were indirectly inferred from relative efficacies reported in double-blind, 

randomized controlled trials in patients with gastrointestinal acid-related disorders. Most of the evaluated trials compared 
lansoprazole or other proton pump inhibitors (PPIs) with omeprazole. Comparable doses of lansoprazole and PPIs other than 
omeprazole were deduced from the direct comparisons against omeprazole. Relative efficacy was based on subjective or 
objective measures of response to treatment in patients with duodenal ulcers, duodenal ulcers with Helicobacter pylori 
infection, gastric ulcers, gastroesophageal reflux disease, erosive esophagitis, or dyspepsia. No trials comparing PPIs in 
pathologic hypersecretory conditions were found by the literature search. 

ESO = Esomeprazole; LAN = Lansoprazole; OME = Omeprazole; PAN = Pantoprazole; RAB = Rabeprazole 
= Comparable to 
≤ Inferior or comparable to  
≥ Superior or comparable to  
 

In addition, maintenance therapy with twice daily (b.i.d) doses of lansoprazole, omeprazole, and 
pantoprazole were compared in a small DBRCT in patients with severe reflux esophagitis 
complicated by stricture.67 This was the only DBRCT identified by the literature search that 
compared PPIs other than omeprazole, and in twice daily doses. Patients were first treated with 
omeprazole 20 mg b.i.d. (N = 36) until esophagitis was healed and symptoms of reflux and 
dysphagia were relieved, then they were randomized to maintenance therapy (N = 30) with either 
lansoprazole 30 mg, omeprazole 20 mg, and pantoprazole 40 mg each given b.i.d. After 4 weeks 
of treatment, omeprazole (9 of 10, 90%) was statistically significantly superior to either 
lansoprazole (2 of 10, 20%) or pantoprazole (3 of 10, 30%) in maintaining remission, defined as 
absence of esophagitis and stricture on endoscopy and absence of symptoms (p < 0.01 for each 
analysis). No statistically significant difference was noted between lansoprazole and 
pantoprazole. The authors attributed the treatment differences to intra- and interindividual 
variability in lansoprazole absorption and to pH-dependent differences in reactivity between 
omeprazole and pantoprazole in inhibiting H+/K+-ATPase. Further clinical trials in large patient 
populations are needed to evaluate relative antisecretory efficacies of PPIs given twice daily. 

Conclusion 
The PPIs may be considered for therapeutic interchange because of their comparable 
pharmacologic properties and clinical efficacy and safety profiles. Consistent results of clinical 
trials in patients with duodenal ulcers, gastric ulcers, GERD, hypersecretory conditions, and 
other acid-related disorders strongly suggest that there is a class effect of PPIs for these 
disorders, although differences in dosage formulations and drug interactions may occasionally 
influence choice of PPI in individual cases. 
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