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Chapter 1 

 

 

General Introduction 



Chapter 1 

Diseases of the upper gastrointestinal tract affect many people in the Western 

World [1,2]. Conditions such as dyspepsia, peptic ulcer disease and 

gastroesophageal reflux disease do not only affect peoples survival but, also impact 

on their quality of life [3-5].  

In economic terms, drugs used for diseases in the upper gastrointestinal 

tract accounted for approximately 7% of the total outpatient drug expenditures in 

2004 (€4.2 billion) [6]. Next to these drug expenditures, hospital care for 

gastrointestinal diseases, such as peptic ulcers and gastrointestinal cancers, 

accounted for a further €94.7 million in 1999, in the Netherlands [7].  

 

Acid suppressive agents 

Controlling gastric acid has been the primary treatment of gastrointestinal 

problems. Initially neutralizing gastric acid with an alkaline agent (e.g., antacids) 

was routinely employed. In addition, surgical procedures such as vagotomy were 

performed to reduce the stimulation of gastric acid secretion [8]. 

The discovery of the histamine-2-receptor antagonists (H2RAs), cimetidine 

being the first available drug in this class, was the next step forward in the 

treatment of gastric acid disorders. H2RAs act by inhibiting the stimulation of the 

parietal cell by histamine. Through this mechanism, H2RAs decrease the total 

amount of gastric acid produced and also decrease the acidity of the produced 

gastric acid [9].  

The discovery of the proton pump inhibitor (PPI) omeprazole has had a 

significant impact on the treatment of acid related disorders, such as Zollinger-

Ellison syndrome and peptic ulcer disease. In the parietal cell the enzyme H+/K+-

ATP-ase pumps H+ into the stomach, because of its mechanism this enzyme is 

often called a proton pump. This proton pump is very effectively inhibited by PPIs 

and decreases the basal and food-induced acid secretion [10]. 

The introduction of PPIs marked a great advance in treatment of gastric 

acid complaints. As a consequence of this success, omeprazole rapidly became one 
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General Introduction 

of the most highly prescribed drugs, resulting in high expenditures in the 

Netherlands [11]. This implies that although PPIs have a great beneficial effect on 

the treatment on gastric acid related diseases, controlling the expenditures of PPIs, 

could significantly control the overall drug expenditures. 

There are currently five different PPIs available and the interchangebility 

of these drugs is an important factor in controlling the expenditures of PPIs. With 

the introduction of generic omeprazole, new issues arise with different economic 

possibilities and pitfalls. 

 

Helicobacter pylori eradication 

In 1983 Marshall and Warren isolated a spiral shaped urease-producing organism 

in the mucus gel of the antral mucosa, which was first named Campylobacter 

pylorus [12]. Before the discovery of this organism, which was later renamed to 

Helicobacter pylori, the dictum “no acid, no ulcer” was usually invoked in the 

pathogenesis of peptic ulcer disease. With the discovery of Helicobacter pylori and 

its relationship in the pathogenesis of peptic ulcer disease this dictum changed to; 

“no Helicobacter pylori, no ulcer” [13]. The health problems related to 

Helicobacter pylori infection involves serious illness, such as gastric cancers and 

peptic ulcers [14]. This has been acknowledged by the World Health Organization, 

who identified Helicobacter pylori as a human carcinogen.  

Helicobacter pylori is usually acquired at young age and risk of infection 

diminishes with higher age. It is believed that it is most commonly transmitted by 

either the faecal-oral or the gastric-oral route [15]. Improved sanitary systems and 

smaller households in the Western World would therefore explain the downward 

trend in prevalence of Helicobacter pylori [16].  

In the eradication of Helicobacter pylori it is common to use a so called 

“triple therapy” which consists of 2 antibiotics and a PPI, usually used for one 

week [17]. The antibiotics most commonly used are: amoxicillin, clarithromicin, 

metronidazole and tetracycline. It goes without saying that there is an economic 
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impact as a result of widespread Helicobacter pylori infection. For example, it was 

estimated that the prevention of gastric cancers and peptic ulcers by eradicating 

Helicobacter pylori could save approximately €62.8 million (in 1999) in the 

Netherlands [18].   

  

Helicobacter pylori vaccination 

By preventing serious illness caused by Helicobacter pylori an amount of 

approximately €62.8 million could have been saved in 1999, in the Netherlands 

[18]. One strategy would be to eradicate Helicobacter pylori at a young age. For 

large scale prevention of Helicobacter pylori in man, a preventive vaccine against 

Helicobacter pylori would be the obvious strategy.  

Currently, such an approach is not available and a preventive Helicobacter 

pylori vaccine is still in the development stage. There have been several studies in 

mice, which show promising results [19-22]. The status of Helicobacter pylori 

vaccines reported in “the Jordan Status Report on Vaccines” had not progressed 

beyond phase 1 clinical studies in 2002. For the further development of a 

Helicobacter pylori vaccine there are some problems which have to be solved. 

Firstly, immunization does not induce sterile immunity, but rather lowers the 

bacterial burden. Lowering the bacterial burden is probably beneficial, there is 

however no guarantee that the role of Helicobacter pylori in peptic ulcer and 

gastric cancers is resolved with lowering the bacterial burden. Secondly, the 

mechanism of action by which the protective effect occurs and is mediated is 

unknown. Thirdly, immunization leads to an inflammatory infiltrate in the gastric 

mucosa which cannot be histologically distinguished from the reaction in infected 

animals [23]. 

Although the current status of vaccine development has not progressed 

beyond phase 1 clinical trials, the expected introduction of a Helicobacter pylori 

vaccine is likely to yield great health and economic benefits in certain populations. 
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General Introduction 

Scope and aim of the thesis 

 

Part I: Proton pump inhibitor therapy 

Chapter 2 of this thesis begins with the comparison of the different PPIs used in the 

treatment of gastrointestinal disease. As these drugs are often used, it is important 

to determine if any clinical differences exist. In chapter 3, a pharmacoeconomic 

comparison of two of the most commonly used PPIs at the time of the study is 

undertaken. Furthermore, the impact on the budget from switching from one of 

those PPIs to the other is presented. In chapter 4, part I is finalized with a 

description of the differences in switch behaviour of patients on omeprazole after 

patent expiry. In summary, the objectives of part I are: 

a) To evaluate the clinical relevance of the differences between the currently 

available PPIs; 

b) To evaluate the pharmacoeconomic implications of switching between 

PPIs; and 

c) To evaluate the impact of patent expiry of omeprazole on switching 

behaviour and costs. 

 

Part II: Helicobacter pylori eradication therapy 

In the second part of this thesis the role of Helicobacter pylori in gastrointestinal 

disease is discussed. Firstly, chapter 5 investigates the cost-effectiveness of 

eradication therapy versus acid suppressive maintenance therapy. In chapter 6 the 

impact of Helicobacter pylori eradication on the use of PPIs is discussed. This part 

is driven by the assumption, used in many modelling studies, that less 

gastrointestinal drugs are used after successful Helicobacter pylori eradication, is 

indeed true. In chapter 7, an economic analysis of a Helicobacter pylori test-and-

treat strategy versus a prompt endoscopy approach in dyspeptic patients is 

presented. In summar, the objectives of this part are: 
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a) To estimate the cost-effectiveness of Helicobacter pylori eradication 

therapy compared to acid suppressive therapy in the management of peptic 

ulcer disease; 

b) To evaluate the effect on gastrointestinal drug use and costs, of 

Helicobacter pylori eradication in patients with gastrointestinal problems; 

and 

c) To estimate the cost-effectiveness of a Helicobacter pylori test-and-treat 

strategy as the initial management strategy of dyspeptic patients compared 

to a prompt endoscopy approach. 

 

Part III: Helicobacter pylori vaccination 

The final part of this thesis addresses the costs of Helicobacter pylori associated 

diseases, the cost-effectiveness of a preventive Helicobacter pylori vaccine and the 

impact of the introduction of differential discount rates for money and health, 

which is currently under debate. The value of such a vaccine for the western world 

is under debate; however, in developing countries with a high prevalence of 

Helicobacter pylori infection, a Helicobacter pylori vaccine could be important in 

diminishing Helicobacter pylori associated illness. In summary, the objectives of 

this part are:  

a) To estimate the cost-effectiveness of a potential Helicobacter pylori 

vaccine for the Netherlands; and 

b) To evaluate the impact on cost-effectiveness, of this potential Helicobacter 

pylori vaccine, of using different discount rates for health effects. 
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Chapter 2 

Abstract 

Background: Proton pump inhibitors (PPIs) have a prominent role in the 

management of acid related diseases. Controlling expenses on PPIs would yield 

great economical benefits for Dutch healthcare. The aim of this study was to 

investigate whether clinical differences in PPIs exist. 

Methods: Medline, EMBASE and the Cochrane library were searched. Papers 

were identified in English, German, French or Dutch in which two or more PPIs 

were compared under the same clinical conditions, in gastroesophageal reflux 

disease, peptic ulcer disease or Helicobacter pylori eradication. The pooled relative 

risks were calculated using the Mantel-Haenszel method. 

Results: Two significant differences were found in the PPIs compared. In 

gastroesophageal reflux disease esomeprazole 40 mg was superior to omeprazole 

20 mg (RR 1.18; 95%CI: 1.14-1.23). In peptic ulcer disease pantoprazole 40 mg 

was superior to omeprazole 20 mg (RR 1.07; 95%CI: 1.02-1.13). In Helicobacter 

pylori eradication no significant differences were found. 

Conclusions: Both significant differences found were in favour of the highest dose 

of PPI on a milligram basis. This indicates that the difference may be dose 

dependent and not proton pump inhibitor specific. Therefore, when prescribing 

PPIs, other arguments than clinical efficacy, such as those related to 

pharmacoeconomics, may be considered.  
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Introduction 

Proton pump inhibitors (PPIs) have a prominent role in the management of acid-

related diseases. They are the drugs of choice in gastroesophageal reflux disease 

(GERD), peptic ulcer disease, in combination with one or more antibiotics in the 

eradication of Helicobacter pylori and as a gastric protective agent when using 

non-steroidal anti-inflammatory drugs. Before the introduction of PPIs, histamine-

2-receptor antagonists (H2RAs) and antacids were used in acid-related disorders. 

PPIs have shown to be more effective than H2RAs and antacids in controlling acid-

related diseases [1,2]. 

In the Netherlands PPIs comprised 66% of the prescriptions and 83% of 

the drug-costs in the acid suppressor group in the year 2000, whereas H2RAs were 

responsible for 32% of the prescriptions and 17% of the drug-costs in the same 

year [3]. In the year 2000, PPIs were responsible for almost 10% of the total drug 

costs in community pharmacy in the Netherlands [4]. This indicates that 

controlling the expenses on PPIs would yield great economical benefits for the 

Dutch healthcare system. 

Choosing a PPI can be based on different considerations. The costs, side-

effect profile and possible interactions are some of the considerations on which the 

choice of a PPI can be based. These considerations are important, yet only decisive 

when there is no difference in clinical efficacy of the PPIs used. In this study 

randomised controlled trials were analysed where two or more PPIs were 

compared in the short-term management (4 weeks) of GERD, peptic ulcer disease 

or the eradication of Helicobacter pylori. 

 

 

Methods 

Justification  

Medline, EMBASE and the Cochrane library were searched for meta-analyses 

concerning the efficacy of PPIs in short term treatment. Several papers were found, 
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comparing one or more PPIs with H2RAs, and also a recent paper comparing 

different PPIs with omeprazole 20 mg in the acute treatment of reflux oesophagitis 

[5]. None of the papers found compared all PPIs in all dosages in the short term 

treatment of GERD, peptic ulcer disease and/or Helicobacter pylori eradication. As 

we aim to comprise this full spectrum we believe that our endeavour in an 

additional meta-analysis is justified. 

 

Study selection 

Medline (1985-2002), EMBASE (1985-2002) and the Cochrane library (whole 

period) were searched using the following keywords: omeprazol(e), pantoprazol(e), 

lansoprazol(e), lanzoprazol(e), rabeprazol(e), esomeprazol(e), GERD, GORD, 

ulcer, Helicobacter pylori, reflux, with the language restrictions English, Dutch, 

German or French. Abstracts from (poster) presentations at symposia were not 

included in the search. The studies found were further selected using the following 

criteria: 

• A study should present new and original work; 

• A study should compare two or more PPIs, under the same clinical conditions 

(for example same severity of disease, same dosing scheme, etc); 

• Only studies concerning GERD, peptic ulcer disease or Helicobacter pylori 

eradication were included, as these reflect the main areas for proton pump 

inhibitor prescription; 

• The studies had to be randomised prospective trials; 

• Efficacy evaluation for GERD and peptic ulcer disease should be performed 

after 4 weeks of treatment, other time periods of evaluation were excluded; 

• The presence of GERD and peptic ulcer disease (post- and pre-treatment) 

should be determined endoscopically; 

• The detection of Helicobacter pylori (post- and pre-treatment) should be by 

urea breath test or endoscopy; 
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• Duration of Helicobacter pylori therapy should be between 7-14 days, studies 

with other regimen durations were excluded; 

• End-point in studies concerning Helicobacter pylori eradication should be the 

eradication of Helicobacter pylori, studies only concerning symptom 

improvement were excluded; 

• Studies concerning specific patient groups such as the elderly, children or 

mentally disabled persons were excluded; and 

• Studies of pharmacokinetics, pharmacodynamics or pH-measurement were 

excluded. 

 

The application of these criteria resulted in a final selection of 41 studies [6-46].  

Of these studies 16 considered GERD [6-21], 9 considered peptic ulcer disease 

[22-30] and 16 considered Helicobacter pylori eradication [31-46].  

 

Data Extraction and statistical analyses 

The information retrieved covered PPI used, numbers of individuals treated, 

disease treated and success rate. Success rate was defined as endoscopically 

determined cure for GERD and peptic ulcer disease or assessment of absence of 

Helicobacter pylori after eradication. For every study the relative risk (RR) of the 

PPIs compared was calculated. Two independent researchers (BAvH and RMK) 

did data extraction and analysis. In case of disagreement a third researcher was 

consulted (JRBJB). 

Where possible, the results were pooled using the Mantel-Haenszel method 

[47,48]. In this method, the weight given to the studies is based only on the number 

of patients in the study.  
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Table 1. Randomised double-blind studies comparing the efficacy after 4 weeks of 
different proton pump inhibitors in gastroesophageal reflux disease  

Study dose N Success† Failure CI RR CI 
[6] P40 103 81 22 0.73 0.99 1.35 

 O20 105 83 22    
[7] P40 170 126 44 0.71 0.95 1.28 

 O20 86 67 19    
[8] P40 10 3 7 0.09 0.33 1.23 

 O20 10 9 1    
[9] P40 60 45 15 0.70 1.07 1.63 

 O20 60 42 18    
Pooled results for P40/O20[6-9] 0.88 0.97 1.06 

[8] L30 10 2 8 0.05 0.22 1.03 
 O20 10 9 1    

[10] L30 300 186 114 0.89 1.10 1.35 
 O20 304 172 132    

[11] L30 421 335 86 0.86 1.00 1.16 
 O20 431 343 88    

[12] L30 113 71 42 0.70 0.96 1.34 
 O20 112 73 39    

[13] L30 58 47 11 0.73 1.09 1.64 
 O20 62 46 16    

[14] L30 30 21 9 0.57 1.05 1.94 
 O20 30 20 10    

Pooled results for L30/O20[8,10-14] 0.96 1.02 1.08 
[15] R20 100 81 19 0.73 1.00 1.35 

 O20 102 83 19    
[16] R20 104 92 12 0.73 0.97 1.29 

 O20 103 94 9    
Pooled results for R20/O20[15,16] 0.91 0.98 1.06 

[17] E40 654 496 158 1.03 1.17 1.33 
 O20 650 421 229    

[18] E40 1216 993 223 1.08 1.19 1.30 
 O20 1209 831 378    

Pooled results for E40/O20[17,18] 1.14 1.18 1.23 
[11] L15 218 157 61 0.75 0.90 1.09 

 O20 431 343 88    
[16] R10 103 88 15 0.70 0.94 1.25 

 O20 103 94 9    
[17] E20 656 462 194 0.95 1.09 1.24 

 O20 650 421 229    
[19] P20 166 128 38 0.74 0.95 1.21 

 O20 161 131 30    
[20] L30 104 91 13 0.81 1.09 1.46 

 O40 103 83 20    
[21] L30 235 188 47 0.81 0.99 1.21 

 P40 226 183 43    
† Success is endoscopically healed GERD, P= Pantoprazole, O= Omeprazole, L= Lansoprazole, 
R= Rabeprazole, E= Esomeprazole, CI= Confidence interval, RR= Relative Risk 
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Potential problems with meta-analysis 

When conducting a meta-analysis there are potential problems and sources of bias. 

One of the main problems in meta-analysis is publication bias. Studies with 

unexpected or spectacular results are more likely to be published than studies with 

unattractive results. In this case publication bias is probably of little importance, as 

clinical efficacy of PPIs is an important subject for decision-makers and clinicians 

and trial results are generally well-known.  

Another problem in meta- analysis is selection bias. Selection bias is 

introduced when not all of the published articles concerning the subject are 

selected. Through selection, key-publications can be missed and the pooled result 

can be flawed. In this case selection bias is a problem, because not all languages 

and only full-text articles were selected. The impact of this bias is not clear. In 

addition, there are obviously less studies concerning the newer drugs (rabeprazole 

and esomeprazole).  

 
 
Results 

When comparing the different PPIs in the treatment of GERD one 

statistically significant result in the pooled RR was found. After 4 weeks 

esomeprazole 40 mg was shown to be superior over omeprazole 20 mg in 

endoscopic healing (RR 1.18; 95%CI: 1.14-1.23). In all the other comparisons no 

significant differences were found. (TABLE 1) 

When comparing the different PPIs in the treatment of peptic ulcer disease 

one significant difference was found in the pooled RR. After 4 weeks pantoprazole 

40 mg was superior to omeprazole 20 mg in ulcer healing (RR 1.07; 95%CI: 1.02-

1.13). All other comparison showed no significant difference. (TABLE 2) 

In the 16 studies concerning Helicobacter pylori eradication no significant 
differences were found (TABLE 3).
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Table 2. Randomized double-blind studies comparing the efficacy after 4 weeks of 
treatment of different proton pump inhibitors in ulcer healing 

Study dose N Success† Failure CI RR CI 
[26] P40 124 118 6 0.83 1.07 1.38 

 O20 131 117 14    
[27] P40 146 128 18 0.83 1.14 1.56 

 O20 73 56 17    
[28] P40 193 178 15 0.80 1.03 1.34 

 O20 93 83 10    
 Pooled results for P40/O20[26-28] 1.02 1.07 1.13 

[23] L30 73 66 7 0.73 1.04 1.46 
 O20 71 62 9    

[24] L30 57 51 6 0.72 1.07 1.60 
 O20 54 45 9    

[25] L30 128 125 3 0.78 1.01 1.30 
 O20 121 117 4    
 Pooled results for L30/O20[23-25] 0.98 1.03 1.08 

[29] R20 102 100 2 0.79 1.05 1.39 
 O20 103 96 7    

[30] R20 113 103 10 0.76 1.00 1.31 
 O20 114 104 10    

Pooled results for R20/O20[29,30] 0.97 1.02 1.08 
[22] L30 164 154 10 0.73 0.96 1.27 

 O40 79 77 2    
† Success is ulcer healing, P= Pantoprazole, O= Omeprazole, R= Rabeprazole, L= Lansoprazole, 
CI= Confidence interval, RR=Relative Risk 
 
 
Table 3. Randomized double-blind studies comparing the efficacy of different 
proton pump inhibitors in Helicobacter pylori eradication in the same regimens 

Study dose N Success† Failure CI RR CI 
[31] L60AM* 56 41 15 0.58 0.86 1.29 
 O40AM 66 56 10    
[32] L60AC* 93 68 25 0.63 0.88 1.22 
 O40AC* 90 75 15    
[33] L60AC* 186 134 52 0.90 1.17 1.51 
 O40AC 170 105 65    
[34] L60AC* 74 62 12 0.69 0.98 1.39 
 O40AC 75 64 11    
[35] L60A** 23 9 14 0.47 1.17 2.96 
 O40A** 27 9 18    

Pooled results for L60/O40[31-35] 0.95 1.05 1.15 
[36] L30N** 26 20 6 0.61 1.21 2.39 
 O40N 22 14 8    
[37] L30AC* 73 60 13 0.72 1.03 1.47 
 O40AC 75 60 15    

Pooled results for L30/O40[36,37] 0.92 1.06 1.23 
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Table 3. Continued 
[34] R40AC* 72 63 9 0.74 1.04 1.48 
 L60AC 74 62 12    
[38] R40AC* 104 89 15 0.77 1.03 1.39 
 L60AC 104 86 18    

Pooled results for R40/L60[34,38] 0.95 1.04 1.13 
[39] R20A** 101 63 38 0.67 0.94 1.33 
 O40A 98 65 33    
[40] R20AC* 58 51 7 0.72 1.07 1.59 
 O40AC* 57 47 10    

Pooled results for R20/O40[39,40] 0.87 0.99 1.14 
[34] R40AC* 72 63 9 0.72 1.03 1.45 
 O40AC 75 64 11    
[46] R40AC* 78 65 9 0.73 1.02 1.43 
 O40AC 86 70 11    

Pooled results for R40/O40[34,46] 0.93 1.02 1.13 
[41] P40CM* 25 25 0 0.64 1.14 2.02 
 O40CM* 25 22 3    
[42] P40AC*** 79 66 13 0.64 0.89 1.23 
 O40AC 84 79 5    

Pooled results for P40/O40[41,42] 0.86 0.94 1.03 
[32] P80AC* 95 73 22 0.67 0.92 1.27 
 O40AC* 90 75 15    
[42] P80AC*** 80 75 5 0.73 1.00 1.37 
 O40AC 84 79 5    

Pooled results for P80/O40[32,42] 0.88 0.96 1.04 
[43] E40AC* 204 183 21 0.83 1.02 1.26 
 O40AC 196 172 24    
[44] E40AC* 214 184 30 0.80 0.98 1.20 
 O40AC 219 192 27    

Pooled results for E40/O40[43,44] 0.90 1.00 1.11 
[37] L30AC* 73 60 13 0.76 1.10 1.57 
 O20AC 76 57 19    
[45] L30A*** 14 4 10 0.17 0.62 2.19 
 P40A*** 13 6 7    

† Success = no Helicobacter pylori present, * = 7 days therapy, ** = 14 days therapy, *** = 10 
days therapy, A= Amoxicillin, C= Clarithromycin, CI= Confidence interval, E= Esomeprazole, 
L= Lansoprazole, M= Metronidazole, N= Norfloxacin, O= Omeprazole, P= Pantoprazole, R= 
Rabeprazole, RR= Relative Risk 
 

 

Discussion 

As shown in the individual analyses, esomeprazole 40 mg was found to be 

superior to omeprazole 20 mg in GERD healing in the pooled analysis. This 

superiority is not surprising, because esomeprazole is the enantiomer of 
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omeprazole, and the active compound is the achiral cyclic sulphenamide. 

Comparing 40 mg of esomeprazole with 20 mg of omeprazole would be more or 

less the same as comparing double the dose of omeprazole [49]. The advantage of 

chirally pure esomeprazole compared with omeprazole is a more predictive and 

linear kinetics. The impact of this advantage for clinical practice is not yet clear. In 

all other comparisons concerning GERD, no significant differences were found in 

the PPIs compared. 

In ulcer healing, 40 mg of pantoprazole was shown to be superior to 20 mg 

of omeprazole. This shows that it is not necessary to double the dose of 

pantoprazole compared to omeprazole in order to obtain the same results. The 

other comparisons of PPIs did not yield significant differences. 

In the eradication of Helicobacter pylori no significant differences were 

found between the PPIs used in the eradication regimes. In the eradication of 

Helicobacter pylori all PPIs have a beneficial effect and failure of the eradication 

is mainly due to antibiotic resistance [50]. Therefore, in clinical practice small 

differences in PPI efficacy are probably of limited importance, with antibiotic 

resistance presenting the major impact. In order to determine whether there are 

differences in PPIs used, large trials should be designed including a correction for 

the effect of antibiotic resistance and compliance.  

As significant differences were found only in two pooled results in which a 

higher dose of PPI was used for comparison, the differences found are probably 

dose dependent and not proton pump inhibitor specific. As expected, most 

comparative studies compared the first available PPI, omeprazole, with another 

PPI. For a better comparison of all PPIs, randomized clinical trials are needed in 

which comparisons between three or more different PPIs are made. 

In this study, no account was taken of the potential effects and differences 

of long term PPI use. However, studies comparing different PPIs over a longer 

period of time have not show significant differences in safety and efficacy between 

the PPIs studied [51-54].  
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No economic data were considered in this study. However when all PPIs are 

clinically equal, the drug of choice could be that which is least costly on a daily 

dose base. In the Netherlands prices of PPIs for one month based on the “defined 

daily dose” (DDD) [55] are € 41.76 for esomeprazole 20 mg, € 42.96 for 

lansoprazole 30 mg, € 43.96 for omeprazole 20 mg, € 42.06 for pantoprazole 40 

mg and € 37.89 for rabeprazole 20 mg [56]. The costs for rabeprazole on a DDD-

basis are almost 14% less than those for omeprazole. As omeprazole has a market 

share of approximately 90% in the Netherlands, switching to rabeprazole could 

save up to € 30 million in the Netherlands. These drug prices were taken before 

generic omeprazole was available on the Dutch market; the introduction of generic 

omeprazole may have already resulted in a saving of € 15 million [57]. In a recent 

review Krömer et al. [58] suggest that the optimal dose in acute peptic ulcer 

disease and moderate to severe GERD is 30-40 mg, for omeprazole, lansoprazole 

and pantoprazole, for rabeprazole and esomeprazole there was not enough 

information at that time to suggest an optimal dose. For esomeprazole it will 

probably be the same as for omeprazole, given the presence of the same active 

compound [49]. This suggests when using the prices of the optimal dose, 

widespread use of pantoprazole and lansoprazole as compared to omeprazole and 

esomeprazole may potentially achieve a cost reduction. The place of rabeprazole is 

unclear because of the lack of sufficient data.   

One of the problems of choosing the least expensive proton pump inhibitor 

is that changing the medication usually is inconvenient for the patient and may 

result in a lower efficacy of treatment [59]. Therefore most economic benefits may 

be expected in patients who are starting treatment. 

In conclusion, all PPIs appear to be clinically comparable and clinical 

choice may be based on other factors, such as pharmacoeconomical considerations.  
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Chapter 3 

Abstract 
Background: The focus of treatment of patients with peptic ulcer disease or 

gastroesophageal reflux disease has changed during the last 15 years, with a shift 

from histamine-2-receptor antagonists to proton pump inhibitors (PPIs). From 1993 

to 2000, expenditures for omeprazole (90% of total marked share of PPIs) 

increased in The Netherlands from €68 million to €230 million. In 1999, 

expenditures for pantoprazole accounted for the majority of the rest of the market 

share for PPIs. The objective of this study was to compare the efficacy and costs of 

treatment with pantoprazole and omeprazole in the Netherlands.  

Methods: First, clinical studies were reviewed that compared the efficacy of 

different dosages of omeprazole and pantoprazole. Second, data were analyzed 

from a nationwide database of drug prescriptions to determine the dosage used in 

daily practice in 1999. The data were based on a representative sample of 

approximately 40% of the Dutch community pharmacies. Third, the outcome was 

modelled of potential substitution of pantoprazole for omeprazole and 

corresponding scenarios for nationwide cost savings, using the prescription 

information from the nationwide database. Potential savings within the Dutch 

Health Care System were estimated. 

Results: The 1999 prescription data indicated that pantoprazole treatment cost a 

mean of €1.59/day, compared with €2.12/day for omeprazole. The mean cost per 

defined daily dose of omeprazole was €1.65, compared with €1.59 for 

pantoprazole. Following the Summary of Product Characteristics, treatment with 

pantoprazole appeared less costly for all indications. The projected annual cost 

savings for substituting pantoprazole for omeprazole on 90% of treatment days 

were estimated at €40.8 million. However, these projected savings may be offset 

by the costs of switching and the costs of upward dose adjustments that some 

patients may require. 

Conclusions: Based on the available documentation on effectiveness and costs of 

omeprazole and pantoprazole, pantoprazole may provide a more favourable 

 32



A Comparison of the Efficacy and Costs of Pantoprazole and Omeprazole 
 
pharmacoeconomic profile than omeprazole. However this is only true if the 

substitution of omeprazole by pantoprazole can be achieved without loss of 

efficacy or tolerability.  
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Introduction 

The focus of treatment of patients with peptic ulcer disease or gastroesophageal 

reflux disease (GERD) has changed during the last 15 years. Since the discovery of 

the role of Helicobacter pylori in the development of the condition, peptic ulcer 

disease has been treated with antibiotic eradication therapy instead of acid-

inhibitory drugs to prevent relapses [1]. Often, a proton pump inhibitor (PPI) 

comprises eradication therapy. Currently, GERD is mostly managed with PPIs 

instead of histamine-2-receptor antagonists [2]. 

Recent data show that after eradication of Helicobacter pylori, up to 60% 

of patients continue to use PPIs [3].  One explanation is that  Helicobacter pylori  

inhibits reflux oesophagitis and other acid-related disorders by inducing 

hypoacidity. Furthermore, it is suspected that PPIs are used in patients with 

persistent dyspepsia without endoscopic diagnosis of peptic ulcer or GERD and in 

peptic ulcer patients who do not achieve eradication of the condition [4,5]. 

Despite national and international guidelines (including that of the Dutch 

General Practitioners) to restrict the use of PPIs to the treatment of endoscopically 

confirmed moderate or serious GERD, the use of PPIs is growing worldwide [5]. 

Expenditures for omeprazole (90% of total marked share of PPIs) increased in The 

Netherlands from €68 million in 1993 to €230 million in 2000 [6].   

In 1999, 3 PPIs were available in the Netherlands: omeprazole, 

pantoprazole and lansoprazole. Because the vast majority of Dutch PPI 

prescriptions at this time were for omeprazole and pantoprazole, and lansoprazole 

was not approved for the eradication of Helicobacter pylori and chronic treatment 

of peptic ulcer disease in the Netherlands, we limited our analysis to omeprazole 

and pantoprazole [7,8].  

Although omeprazole and pantoprazole belong to the same therapeutic 

class, there are some differences in their pharmacologic profiles [9]. Notably, 

pantoprazole has a linear (and therefore more predictable) pharmacokinetic profile 

[10,11], less variable bioavailability [12] and a faster onset of action [13,14]. 
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Despite these differences in pharmacological profiles there may be no clinically 

relevant differences in the efficacy of omeprazole and pantoprazole. Both drugs are 

highly effective and have good tolerability and safety profiles. 

The objective of this study was to compare the efficacy and costs of 

pantoprazole and omeprazole in the treatment of patients with GERD or peptic 

ulcer disease in the Netherlands. First we reviewed clinical studies that compared 

data on the efficacy of different dosages of omeprazole and pantoprazole. Second, 

we analyzed prescription data for the Netherlands concerning dosages used in the 

daily practice. Finally, we modelled potential substitution of pantoprazole for 

omeprazole and the corresponding scenarios to assess potential nationwide cost 

savings. 

 

 

Materials and Methods 

We performed a meta-analysis on the clinical efficacy of omeprazole and 

pantoprazole according to the fixed-effect model [15]. To select studies on clinical 

efficacy we searched the MEDLINE and EMBASE databases using the following 

key words: omeprazole, pantoprazole, GERD, GORD (British variation of GERD), 

reflux and (peptic) ulcer. Studies were further selected using the following criteria: 

(1) the study should present new and original work; (2) the study should compare 

omeprazole and pantoprazole under the same clinical conditions (e.g. severity of 

disease, dosing scheme); and (3) the study must be double-masked. Furthermore, 

we searched on references in detected papers. 

Two independent researchers (RMK and BAvH) identified these studies 

concerning the efficacy of omeprazole and pantoprazole. In case of disagreement 

or uncertainty, a third researcher was consulted (JRBJB). 

We used the relative risk (RR) to compare the PPIs used in the studies. The 

RR was calculated using the following formula: 
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Where A1 and N1 represent the treatment success and number of patients using PPI 

1, respectively, and A2 and N2 represent the treatment success and number of 

patients using PPI 2 respectively. 

To pool study results, we used the weighted RR (wRR) to correct for the 

statistical precision of each study [16], with the following formula: 
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Where W represents the weight factor given to the studies and SE2 represents the 

square of the standard error. 

The standard error (SE) was calculated using the formula: 
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Where B1 represents the failure of PPI 1 and B2 represents the failure of PPI 2. 

The 95% confidence interval (CI) was calculated using the formula: 
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As a theoretical basis for our analysis, we used the dosages for both drugs 

as specified in the manufacturers’ Summary of Product Characteristics [17,18,19]. 

These dosages were also used in the Dutch guidelines for PPI treatment [20,21]. 

For the formal calculation, we used a defined daily dose (DDD) of 20 mg for 

omeprazole and 40 mg for pantoprazole.  

Dosages of both drugs used in daily practice were derived from nationwide 

database on drug prescriptions [22,23]. These data comprise the number of days on 

treatment and dosages of PPIs prescribed by General Practitioners and medical 

specialists in the Netherlands. The data are based on a representative sample of 

approximately 40% of the Dutch community pharmacies. Data from 1999 was 

used.  

Drug prices used in the analyses were those given by the Royal Dutch 

Association for the Advancement of Pharmacy [24]. Multiplication of dosages 

used with the drug prices provided the daily practice costs for both drugs. 

Estimated costs in daily practice were combined with specific assumptions on 

potential substitution of pantoprazole for omeprazole to derive scenarios for 

impacts on nationwide PPI costs. 

 

 

Results 

The Clinical efficacy of short-term treatment of peptic ulcer and GERD is shown 

in TABLE 1 [25-33]. Data from the meta-analysis and from all individual studies 

that compared pantoprazole and omeprazole indicate no statistically significant 

difference between the PPIs. 
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 Table 1. Randomised double-masked studies comparing the efficacy after 4 weeks 
of pantoprazole 20 mg or 40 mg (P20,P40) and omeprazole 20 mg (O20) in 
patients with endoscopically established gastric ulcer, duodenal ulcer or reflux 
oesophagitis. Superior efficacy for the first product mentioned is indicated by a 
relative risk (RR) >1 

Ref. Indication Dose N Failure Success CI  RR CI 

25 Reflux 
oesophagitis 
grade II-IV 

O20 
P40 

95 
191 

28 
65 

67 
126 

0.79 1.07 1.44 

26 Reflux 
oesophagitis 
grade II-IV 

O20 
P40 

258 
263 

83 
82 

175 
181 

0.80 0.99 1.21 

27 Reflux 
oesophagitis 
grade II-IV 

O20 
P40 

120 
114 

21 
15 

99 
99 

0.72 0.95 1.26 

28 Reflux 
oesophagitis 
grade II/III 

O20 
P40 

105 
103 

22 
22 

83 
81 

0.70 0.96 1.30 

29 Gastric Ulcer O20 
P40 

80 
163 

24 
35 

56 
128 

0.65 0.89 1.22 

30 Duodenal Ulcer O20 
P40 

93 
193 

10 
16 

83 
177 

0.75 0.97 1.26 

31 Duodenal Ulcer O20 
P40 

135 
135 

18 
17 

117 
118 

0.77 0.99 1.28 

 Pooled result25-31 0.93 0.98 1.02 
32 Reflux 

oesophagitis 
grade I 

O20 
P20 

161 
166 

31 
38 

130 
128 

0.65 1.05 1.68 

33‡ Reflux 
oesophagitis 
grade I 

O40 
P40 

136 
143 

46 
44 

90 
99 

0.63 0.96 1.45 

Abbreviations and symbols: CI = confidence interval; † based on interim results 

 
 
TABLE 2 [17-19,21,24] shows the costs of treatment for short-term therapy with 

omeprazole and pantoprazole for various diagnostic groups based on the 

recommendations of the Summary of Product Characteristics [17,18,19] and the 

reference prices [21,24]. The costs of treatment with omeprazole exceeded those of 

pantoprazole for symptomatic GERD and mild reflux oesophagitis over the 

duration of treatment. Together, these indications represent >60% of PPI utilization 

in the Netherlands [22]. 
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Table 2. Costs of acute treatment regimens in €* based on the Summary Product 
Characteristics [17,18,19] and the Farmacotherapeutisch Kompas [24] 

 
Indication 

 
Treatment Period 

Cost for 
Omeprazole, € 

Cost for 
Pantoprazole, € 

Ulcus duodeni 1 day at recommended dose 
Recommended length of 
treatment 

1.65 
50.96–101.92 

1.59 
49.00–98.00 

Ulcus ventriculi 1 day at recommended dose 
Recommended length of 
treatment 

1.65 
101.92–203.84 

1.59 
98.00–196.00 

Reflux oesophagitis 1 day at recommended dose 
Recommended length of 
treatment 

1.65 
101.92–203.84 

1.01-1.59 
62.16† – 196.00 

Eradication of 
Helicobacter pylori 
(excluding antibiotics) 

1 day at recommended dose 
Recommended length of 
treatment 

3.20-3.30 
49.35–50.96 

3.18 
49.00 

Symptomatic GERD†

 
1 day at recommended dose 
Recommended length of 
treatment 

1.01-1.65 
62.21–101.92 

1.01 
31.08–62.21 

* KNMP price list in €, January 2000 [24].. All prices in this study refer to the original branded 
product. † Recommended for grade 1 reflux oesophagitis. 
 

 

Table 3. Weighted mean cost of proton-pump inhibitors in 1999.
Drug Dosage 

regimen 
No. of Days of 

treatment [22,23] 
% of Total 

Treatment Days 
€/Day [24] Total, € 

Omeprazole 
10 mg 1x10 mg 5,256,845 6.12 1.01 5,295,704 
20 mg 2x10 mg 260,938 0.30 2.02 522,703 

 1x20 mg 55,257,873 64.33 1.65 91,275,226 
40 mg 2x20 mg 10,246,841 11.93 3.30 33,852,322 

 1x40 mg 13,772,945 16.04 3.20 44,060,099 
80 mg 2x40 mg 1,097,505 1.28 6.40 7,022,167 
Total  85,892,947 100.00  182,028,220 

Pantoprazole 
20 mg 1x20 mg 653,186 7.65 1.01 658,014 
40 mg 2x20 mg 42,754 0.50 2.02 85,647 

 1x40 mg 7,591,931 88.91 1.59 12,058,126 
80 mg 2x40 mg 250,871 2.94 3.18 796,882 
Total  8,538,742 100.00  13,598,669 

 

 

Table 4. Cost savings calculated for different % of substitution pantoprazole for 
omeprazole 

Substitution Cost savings in € 
90% 40,8 million 
80% 36,2 million 
50% 22,7 million 
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For maintenance treatment, pantoprazole 20 mg is indicated, whereas for 

omeprazole a step-up schedule of 10 to 20 or 40mg is recommended [21], so that  

the treatment costs of pantoprazole are fixed at €1.01 per day, whereas the 

treatment costs with omeprazole are at least €1.01 per day and may increase to a 

maximum of €3.30 per day. However, patients may relapse on pantoprazole 20 mg 

per day and require higher dosages of pantoprazole [21]. Therefore, it is relevant to 

consider how often patients need higher dosages of PPIs. 

Table III [22-24] shows prescriptions and costs for omeprazole and 

pantoprazole during 1999. Mean daily costs for omeprazole exceeded those for 

pantoprazole by 33.4% during the study period. For omeprazole, the DDD of 20 

mg was doubled or quadrupled on 29.2% of treatment days. In contrast, for 

pantoprazole, the DDD of 40 mg was doubled on 2.9% of treatment days. The 

mean dosage per treatment day was 26 mg for omeprazole and 40 mg for 

pantoprazole. Note that the mean cost per DDD of omeprazole (€1.65) exceeded 

that of pantoprazole (€1.59) by 4%.  

  Assuming that pantoprazole could be substituted for omeprazole on 

90% of treatment days without reducing treatment efficacy, a potential cost 

saving of €40.8 million would be expected for the Netherlands as a whole 

(0.9*85,892,947*[2.12-1.59]). Table IV summarizes the potential cost 

savings for this and 2 other scenarios. 

 

Discussion 

Our comparison of the clinical efficacy of omeprazole and pantoprazole suggests 

that only minimal differences exist between the agents for short-term treatment of 

GERD and peptic ulcer disease. In controlling GERD, PPIs are often used as long-

term medication. It is highly likely that both agents are dosed in such a way that 

GERD is controlled. Therefore, the long-term advantages of controlled GERD are 

expected to be similar for omeprazole and pantoprazole. In practice, pantoprazole 
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is often prescribed at a slightly lower dose than its indicated DDD. Omeprazole, 

however, is often prescribed at a slightly higher dose than its DDD. Costs per day 

of utilization were estimated at € 2.12 and € 1.59 for omeprazole and pantoprazole, 

respectively. Based on these estimates, our study suggest that if a patient was 

treated with a PPI, choosing pantoprazole rather than omeprazole might produce 

cost savings over the long term. These savings are related to the observed 

difference in mean dosage per treatment day (26 mg for omeprazole and 40 mg for 

pantoprazole, respectively) and the assumed possibility of switching 90% of 

patients on omeprazole to pantoprazole. 

 The plausibility of switching from omeprazole to pantoprazole can be 

derived from prescription data showing that switching already occurs [34]. These 

data indicate that over a period of 14 months, approximately 50% fewer patients 

were switched from pantoprazole to omeprazole than vice versa. 

 Some factors in our study should be considered with respect to its potential 

bias and validity, primarily with regard to the prescription data that were used. 

Possibly, omeprazole has been and is still prescribed for patients who have more 

severe disease, such as symptomatic ulcer, than that of patients taking 

pantoprazole. This may be because of developments in time – omeprazole was the 

first registered clinical available PPI – and because physicians may have favoured 

omeprazole as the drug with which they had the most experience. However, further 

analysis of the prescription data for 1999 indicated similar differences in average 

doses of omeprazole and pantoprazole are also seen in less severe indications, such 

as dyspepsia (1.17 versus 0.87 DDD, respectively). Also, these data suggested that 

pantoprazole was most often used in patients with oesophagitis (41% of 

pantoprazole vs. 32% omeprazole prescriptions). In this group, the average dose of 

omeprazole is 1.4 DDD versus 1.1 DDD of pantoprazole. Finally, the prescription 

data show that pantoprazole is used less frequently for functional disorders of the 

stomach: 19% of prescriptions for pantoprazole versus 28% for omeprazole). 

Although all this information can be used as a measure of disease severity, no 
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direct information on severity of disease was available. It is possible that 

omeprazole was used in more severe cases of each separate disease than 

pantoprazole, justifying the higher dosages of omeprazole.  

 In general, lower dosages are recommended for older patients, but double 

dosing of omeprazole for elderly patients was noted in the prescription data. This is 

not the case for pantoprazole, which may explain the observation of higher 

prescribed daily dosages for omeprazole. However, further analysis of the 

prescription data for 1999 indicated that the mean dose of omeprazole in patients 

aged >65 years (1.4 DDD), who accounted for 40% of omeprazole prescriptions, 

was similar to the overall mean dose (1.3 DDD). The dose range for omeprazole in 

the elderly has been questioned previously [35]. Differences in duration of 

treatment between age groups can be expected to be the same for both omeprazole 

and pantoprazole.  

 Some factors may cause underestimation of cost savings in our approach. 

For example, the lower drug-drug interaction potential of pantoprazole may lead to 

additional indirect cost savings [36,37]. Secondly, with more PPIs on the Dutch 

market now than in 1999 and with the introduction of generic omeprazole, prices 

may currently be lower for PPIs, potentially creating greater cost savings than 

those determined in our estimates for switching patients from omeprazole to 

pantoprazole. Finally, the relative efficacies of drugs in randomized clinical trials 

may not always predict their relative effectiveness in the general population in 

everyday practice. 

 Another possible strategy for lowering costs could be to convince 

prescribers to use 20 mg omeprazole (DDD) instead of the mean daily dose of 26 

mg that was observed in this assessment. However, it is not known whether this 

higher dosing of omeprazole may be justified. The relevance of the dosage and 

relative efficacies of different PPIs has been debated previously [8,38,39]. 

Although the evidence of expert opinions can be discussed, the guidelines from the 

National Institute for Clinical Excellence [40] do not differentiate between the 
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available PPIs except on the grounds of price and accepted indications. Concerning 

the accepted indications between omeprazole and pantoprazole there are no major 

differences in most countries [36]. 

In general, independent which PPI is chosen, the use of this class of drugs seems to 

be very cost-effective in the treatment of erosive reflux oesophagitis [41]. Other 

interventions, such as educational intervention for general practitioners, have also 

been effective for reducing community drug costs for PPIs [42].  The introduction 

of on demand use of PPIs in clinical practice (as documented for esomeprazole and 

rabeprazole) can also decrease the costs of PPIs [43].   

 

 
Conclusions 

Based on the available documentation about effectiveness and costs of omeprazole 

and pantoprazole, pantoprazole seems to provide a more favourable 

pharmacoeconomic profile than omeprazole for the treatment of peptic ulcer and 

GERD. However, this is only true if pantoprazole can be substituted for 

omeprazole without loss of efficacy or tolerability. 
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Abstract 

Background: An increase of therapeutic substitution after patent expiry might 

have a negative effect on cost savings generated with newly introduced generic 

drugs. To evaluate influences of patent expiry on therapeutic substitution, switch 

behaviour before and after patent expiry was investigated. 

Aim: 1) To describe proton pum p inhibitor (PPI) use; and 2) To investigate 

substitution patterns from omeprazole before and after patent expiry. 

Methods: Data was obtained from the InterActie DataBase. Proportional PPI use 

was identified per quarter during the study period 2000-2003. For the second part 

two cohorts – one before and one after patent expiry -  were defined. The number 

of switchers was quarterly identified during two year follow-up period. For 

statistical analyses the chi-square test and hazard ratio were used. 

Results: In proportional use, a downward trend for omeprazole was found. After 

patent expiry, significantly more patients switched to other PPIs (p<0.001). The 

hazard ratio of 0.62 (95%CI: 0.57-0.69), indicates that for every 6 patients 

switching before patent expiry, 10 patients switch after patent expiry. 

Conclusion: After patent expiry more patients switch to another PPI. To what 

extent this negative impact on total cost-savings on PPIs is important in light of the 

total savings achieved with generic omeprazole is unclear.
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Introduction 

In most developed countries, pharmaceutical expenditures are the fastest rising 

costs within the healthcare budget [1]. Therefore, controlling drug expenditures is 

an important topic for governments in these countries [2]. In European countries 

pharmaceutical expenditures account for approximately 10% of health care 

expenditures, of whom 75-84% originate from the outpatient prescription market. 

Public insurance systems cover more than halve of these prescription through 

reimbursement, which involves a large cost burden caused by pharmaceutical care 

[3,4]. 

Generic substitution after patent expiry is one of the most important 

opportunities to control drug prices. The Dutch government has therefore 

encouraged generic substitution for several years. In the Netherlands next to the 

government incentives, insurance companies also encourage the use of generic 

drugs [5]. Generics can be offered at lower prices than branded products, as 

generic drug companies have less money invested in research and development. 

Also, there is less invested in expensive marketing campaigns as this is already 

done for the branded product. Furthermore, with introduction of multiple generic 

products, prices could logically be lowered even more due to price competition. 

Next to the obvious reason for the bill-payer to advocate the use of generic drugs, 

there is also an incentive for pharmacists to dispense genercis instead of branded 

products. Dispensing generic drugs instead of branded products will result in 

financial profits for most drugs [5]. Despite large scale availability of generic drugs 

in the Netherlands, pharmaceutical expenditures keep increasing. Next to 

explanations of ageing and the introduction of expensive new drugs, the Dutch 

government suggested another possible phenomenon which might be responsible 

for increasing pharmaceutical expenditures: therapeutic substitution. Therapeutic 

substitution is the phenomenon where patients switch from one to another entity in 

the same therapeutic class. 
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In this paper, therapeutic substitution is investigated for omeprazole. For 

this purpose we first describe the use of proton pump inhibitors (PPIs) during the 

study period and with specific attention for the market share of omeprazole divided 

in branded and generic omeprazole. Furthermore we investigate therapeutic 

substitution patterns from omeprazole to other PPIs before and after patent expiry 

(April 2002). 

 

 

Methods 

Database 

Data for the study was obtained from the InterActie DataBase (IADB) [6]. The 

IADB comprises prescription data of approximately 50 pharmacies in the Northern 

and Eastern part of the Netherlands. Data contains patient specific information on 

all drugs dispensed to the population covered, independent of reimbursement 

status. Next to information on drugs dispensed, this database also contains 

information on patient characteristics. Currently, this database comprises records 

of approximately 500.000 patients. 

 

Patient selection 

For general description of trends in PPI and omeprazole use, prevalent use was 

calculated for all PPIs as well as for omeprazole alone. Prevalent use is defined as 

receiving at least one PPI prescription per quarter. Prevalence is determined as 

users per 1000 of the population [7]. 

In addition, the proportional use of omeprazole (brand and generic) among 

PPI users was identified in every quarter during the study period 2000-2003. 

Next, two cohorts of patients were selected. The first cohort was selected 

before patent expiry of omeprazole (C1), whereas the second cohort was selected 

after patent expiry (C2).  
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To be included in C1, the last PPI-prescription in the last quarter of 1999 

had to be an omeprazole prescription, for C2 this was the last PPI-prescription in 

the last quarter of 2001. Both cohorts were followed for two years: C1 from 1st of 

January 2000 up to, and including 31st of December 2001, and C2 from 1st of 

January 2002 up to, and including 31st of December 2003. Patients with less than 

four PPI-prescriptions during the 2 years study period were excluded to avoid 

inclusion of occasional PPI users.  

Patient specific switch dates were determined as the first date a patient 

receives a PPI-prescription other than omeprazole after the inclusion date. Patients 

switching from omeprazole to another PPI were indicated as switchers for the 

remaining study period, which implies that only the first switch was counted. 

Patients who did not receive a PPI other than omeprazole were considered 

‘survivors’ on omeprazole. Based on these data, a survival curve was constructed.  

For further clarification of switch patterns we also considered proportional 

use of different PPIs per quarter, for the C1 and C2 as defined previously. For 

proportional use in the two cohorts, only the last prescription of an individual 

patient per quarter was counted. A moving average was used to adjust for random 

patterns in different quarters. 

 

Statistical analyses 

For statistical analyses of the difference in the survival curve the chi-square test (2-

sided) was used. The hazard ratio was used to show the magnitude of the 

difference 

 

 

Results 

Overall PPI use 

During the study period there was an increase in the prevalence of PPI use, which 

holds also true for omeprazole although less pronounced than for the whole group 
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of PPIs (FIGURE 1). The proportion of omeprazole users among the total group of 

PPI users shows a downward trend. Among all omeprazole users, approximately 

80% received a generic product after patent expiry.  

 

Omeprazole 

In TABLE 1 the characteristics of both cohorts are shown. A total number of 5913 

patients fulfilled the criteria for C1, for C2 this was 7369. In the study period 495 

(8.4%) patients of C1 and 998 (13.5%) patients in C2 switched from omeprazole to 

another PPI. 

FIGURE 2 shows the survival curve constructed for both cohorts. After 

patent expiry, significantly more patients switched to another PPI (χ2 = 85.6; 

p<0.001). This is also shown by the hazard ratio of 0.62 (95%CI: 0.57 - 0.69), 

indicating that for every 6 patients switching under conditions in cohort 1, 10 

patients switch under the conditions in cohort 2. 

FIGURES 3 and 4 show proportional use of the different PPIs over the 

different quarters. It can be seen that most people remain on omeprazole during the 

study period. Furthermore, before patent expiry most patients switch to 

pantoprazole (2.3%), whereas after patent expiry most patients switch to the most 

recently introduced PPI, esomeprazole (4.3%).  

 
 
 
Table 1. Cohort characteristics 

 Cohort 1 Cohort 2 
Number of patients 5913 7369 
In both cohorts (%)  4276 (58.0) 
Switchers (%) 495 (8.4) 998 (13.5) 
Sex   
Number of men (%) 2469 (41.8) 3110 (42.2) 
Average age    
Men 59.1 59.2 
Women 64.9 64.4 
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Figure 1. Proportional use of omeprazole (divided in generic and branded) and other PPIs over 
the study period (bars and left y-axis). Number of patients per 1000 population for omeprazole 
and all PPIs (lines and right y-axis). Vertical dashed line shows patent expiry of omeprazole. 
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Figure 2. Survival curve for patients on omeprazole, where the solid line represents cohort 1 
(2000-2001) and the dashed line cohort 2 (2002-2003). Numbers under the quarters show people 
at risk; top = cohort 1, bottom = cohort 2. 
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Figure 3. Proportional use of PPIs in cohort 1 (time period 2000-2001). 
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Discussion 

It was found that the prevalence of PPI use increased over time, which is in line 

with what others found for the Netherlands [8]. It can also be seen that since the 

introduction of other PPIs next to omeprazole a gradual decline in proportional 

omeprazole use was found. This is not surprising as with the introduction of other 

drugs in a therapeutic class, for all kind of reasons, specialists and GPs will 

prescribe some of their patients the newly developed drugs.  

For omeprazole, it was shown that after patent expiry more patients 

switched from omeprazole to another PPI as compared to the years before patent 

expiry. This implies that after patent expiry more therapeutic substitution occurs. 

In the Netherlands there was discussion on the differences in invitro dissolution 

profile and kinetic properties of branded omeprazole compared to generic products 

[9,10]. Whether this invitro differences influence effectiveness and therefore 

therapeutic substitution is yet unclear. However, also the experience and trust in 

the agents used can be a complicating factor. The generic products are omeprazole 

capsules, whereas the losec MUPS are tablets. This difference in dosage form can 

play a role in the kinetic differences found, and may also play a role in the 

confidence of the patients. 

Furthermore, in 2001 esomeprazole, the s-isomer of omeprazole was 

introduced. In the results it can be seen that in the second cohort most patients 

switch from omeprazole to esomeprazole, whereas in the first cohort patients 

switched was primarily to pantoprazole. This suggests that the increase in switch 

behaviour might be due to the introduction of esomeprazole and could also have 

occurred irrespective of the patent expiry of omeprazole.  

In this study we used two cohorts of prevalent omeprazole users, which 

followed each other in time. This implicates that patients who are in C2 may also 

be in C1. As is shown in table 1 this was the case for almost 60% of the patients. 

Including these patients in C2 was done, as the history of each patient was also not 

taken into account in C1. There might be a difference in terms of patients’ history, 
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however as omeprazole is already used for more than a decade and all patients in 

both cohorts were investigated, this has probably limited influence. Further 

investigation of patients in C2 who were not in C1, showed a slight increase in the 

number of patients switching from omeprazole to another PPI. This may be due to 

the fact that these patients used omeprazole for a shorter period and are thus more 

likely to switch therapy. The most ideal study design would be to compare starters 

on omeprazole before and after patent expiry, as both cohorts would not influence 

each other and all patients would have had the same history in PPI use. However 

when using this approach we could not include sufficient patients.  

In 2004 the average price of generic omeprazole was lowest in the group 

of PPIs [11]. This price difference implies that the increase in therapeutic 

substitution results in lower than the potential maximum savings by the 

introduction of generic omeprazole. Obviously, every other option than generic 

omeprazole is a more expensive option. The potential budget impact of these 

increasing number of patients who switch from omeprazole to another PPI is 

difficult to assess, because the introduction of generic omeprazole caused a 

decrease in total costs for omeprazole from €251.5 million in 2001 to €111.1 

million in 2004 (-56%) [11], while the total number of defined daily doses used 

increased from 144.9 million to 155.0 million in the same period (+7%) [11]. The 

total costs for PPIs decreased from €315.2 million in 2001 to €263.4 million in 

2004 (-16%). Again the total number of DDDs prescribed increased, this was 185.6 

million in 2001 and 254.6 million in 2004 (+37%) [11]. In light of the presented 

numbers it is debatable whether the 5% increase of patients switching from 

omeprazole to other PPIs, still under patent protection, is relevant on a total 

decrease in costs of €140 million for omeprazole with the introduction of generic 

products [11].  
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Conclusion 

After patent expiry more patients switch from omeprazole to another PPI. With 

lower prices for generic omeprazole in 2004 the increasing amount of switchers 

will probably have had a negative impact on the total savings on PPIs, through the 

introduction of generic omeprazole. However, it is debatable whether this negative 

effect on the expenditures is relevant compared to the positive effect on the 

healthcare budget achieved with the introduction of generic omeprazole.
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Abstract 
Introduction: One of the conclusions reached at the National Institutes of Health 

conference in 1994, was that Helicobacter pylori should be eradicated in patients 

with peptic ulcer disease to prevent recurrences and enhance better health 

outcomes and potential cost savings on gastrointestinal drugs. Before the role of 

Helicobacter pylori in peptic ulcer was established, the main treatment strategy to 

prevent ulcer recurrence was maintenance therapy with indicated acid-suppressing 

agents, such as histamine-2-receptor-antagonists (H2RAs) and – more recently – 

proton pump inhibitors (PPIs). This paper reviews the available studies on the 

pharmacoeconomics of eradication versus H2RA-maintenace therapy in controlling 

peptic ulcer disease.  

Methods: An electronic search in Medline and EMBASE for papers comparing 

Helicobacter pylori eradication and H2RA-maintenance therapy in peptic ulcer was 

performed. For comparison, the relative cost-effectieness ratio was calculated for 

the different studies. The relative cost-effectiveness ratio is defined by dividing the 

cost-effectiveness ratios of both treatment options. 

Results: The majority of the studies reached a relative cost-effectiveness ratio 

between 1.2 and 3.0. Inclusion of indirect costs and a relative big difference in 

effectiveness lead to a relative cost-effectiveness ratio of more than 10 in two 

studies. All studies indicate that more money should be spend on H2RA-

maintenance therapy to achieve the same results as with Helicobacter pylori 

eradication. 

Conclusion: Treatment to eradicate Helicobacter pylori in patients with proven 

ulcer has a favourable cost-effectiveness compared to maintenance therapy, 

resulting in both benefits for the patients and society. In most studies, it was 

assumed that gastrointestinal drugs were not needed after eradication. Additional 

research is needed to provide empirical evidence on gastrointestinal utilisation after 

eradication of Helicobacter pylori. The development of a vaccine against 

Helicobacter pylori remains however the ultimate goal.
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Introduction 

In 1994, a consensus conference was held by the National Institutes of Health 

(NIH) to discuss the role of Helicobacter pylori in peptic ulcer disease (ulcus 

duodeni and ulcus ventriculi). One of the conclusions reached was that 

Helicobacter pylori should be eradicated in patients with peptic ulcer disease to 

prevent recurrences and enhance better health outcomes and potential cost savings 

on gastrointestinal drugs. At the time of this conference, the pharmacoeconomic 

impact of Helicobacter pylori eradication was not yet fully elaborated [1]. Since 

then, cost-effectiveness has become an issue as well. 

Before the role of Helicobacter pylori in peptic ulcer was established, the main 

treatment strategy to prevent ulcer recurrence was maintenance therapy with 

indicated acid-suppressing agents, such as histamine-2-receptor- antagonists 

(H2RAs) and – more recently – proton pump inhibitors (PPIs). It has been proven 

that H2RA-maintenace therapy decreases the number of ulcer recurrences 

compared with no therapy [2]. Obvious disadvantages of maintenance therapy 

relate to potential side-effects, drug-drug interactions, discomfort for the patient 

and healthcare costs. Eradication of Helicobacter pylori decreases ulcer 

recurrences further and may be expected to reduce the use and costs of 

gastrointestinal drugs [3].  

To clarify the evidence for this believed favourable pharmacoeconomic impact 

of Helicobacter pylori eradication; this paper reviews the available studies on the 

pharmacoeconomics of eradication versus H2RA-maintenace therapy in controlling 

peptic ulcer disease.  

 

Data and Methods 

Study selection 

We searched Medline and EMBASE using the following keywords: Helicobacter 

pylori and ulcer in combination with cost(-)benefit, cost(-)effectiveness and 
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pharmacoeconomics. This resulted in approximately 150 articles. Further selection 

was done using the following criteria:  

 

• A study should be published in the English language and address the situation 

in developed nations (Europe, North America or Japan). Work representing the 

situation in other parts of the world, for example work of Bhatia and Kulkarni 

for India, was not considered here [4];  

• A study should be a cost-effectiveness (or cost-utility) analysis as defined by 

Drummond et al. [5] This implies that cost-analysis, were excluded [6];  

• A study should present original and new work. A previous review was used to 

compare and confirm findings [7];  

• A study should address the comparison of an eradication therapy and 

maintenance therapy; for example studies, such as Duggan et al. comparing 

different Helicobacter pylori eradication strategies were not evaluated [8]; and  

• Only studies considering ulcer disease were included, those directed at reflux 

disease and nonulcer dyspepsia were not considered in this review. 

 

Application of these criteria resulted in a final selection of 8 studies [9-16].  Of 

these studies only the comparison of eradication therapy and maintenance therapy 

were considered. If different eradication therapies were compared with 

maintenance therapy, the best and the worst cost-effectiveness estimates were 

taken.  

All 8 studies were cost-effectiveness analyses. Four studies refer to the USA 

[9,12,14,16], one to Canada [11], one to Sweden [15], one to Japan [10] and one to 

Scotland [13]. All studies were published between 1995 and 2000. 

 

Relative cost of eradication 

For our analytic framework, we defined the relative cost of eradication as the cost 

for eradication therapy divided by the costs for 1-year maintenance therapy with 
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H2RA. This ratio was used to compare the potential impact of such costing figures 

between studies. A high relative cost of eradication obviously favours any cost-

effectiveness outcome for H2RA-maintenance, whereas the opposite favours cost-

effectiveness of Helicobacter pylori eradication. 

 

Relative cost-effectiveness ratio 

Cost-effectiveness represents the net costs required to obtain a desired effect. The 

most common way of expressing cost-effectiveness is cost per life year gained. As 

peptic ulcer is often not a direct life-threatening disease, cost-effectiveness in 

controlling peptic ulcer is expressed differently: net cost per patient without ulcer-

related symptoms, per patient without recurrence or cost per symptom-free day.  

For comparing cost-effectiveness of Helicobacter pylori eradication and H2RA-

maintenance therapy, cost-effectiveness ratios for both interventions were divided, 

rendering a relative cost-effectiveness. Relative cost-effectiveness expresses net 

costs to be spent on eradication therapy to get the same effect, for example, per 

recurrence averted. A relative cost-effectiveness of 1 indicates that the both options 

have the same cost-effectiveness, relative cost-effectiveness below 1 means that 

H2RA-maintenance therapy is the more cost-effective option and relative cost-

effectiveness surpassing 1 indicates that eradication therapy is the more cost-

effective option. By comparing studies using the relative cost-effectiveness, we 

compensated for various price-related differences in the studies, such as price year 

and currency used. 

 

Results 

Description of selected studies 

Sonnenberg and Towsend were among the first to investigate the cost-effectiveness 

of Helicobacter pylori eradication therapy [12]. They compared four different 

strategies; acute intermittent pharmacotherapy, H2RA-maintenance therapy, 

Helicobacter pylori eradication therapy and surgery. Cost-effectiveness analysis 
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was performed for the USA, using a Markov chain model. Direct and indirect costs 

were simulated during a 15-year simulation period. The clinical probabilities used 

in the model were derived from published clinical trials. Effectiveness was 

expressed as time spend free of symptoms. One of the major conclusions reached 

was that Helicobacter pylori eradication therapy shows better cost-effectiveness 

than H2RA-maintenance therapy.  

 O'Brien et al. [11] studied the economic implications of the Helicobacter 

pylori eradication therapy in Canada in response to the 1994 NIH recommendation, 

suggesting eradication as first line therapy for peptic ulcer patients [1]. IN the 

comparison of maintenance therapy and Helicobacter pylori eradication therapy, a 

decision analytic model was used. Data concerning ulcer recurrence were derived 

from available medical literature. Health care resource use for ulcer recurrence was 

estimated by an expert panel of physicians. The major conclusion was that a 

pharmacoeconomic rationale exists for supporting the NIH recommendation to 

eradicate Helicobacter pylori for peptic ulcer. 

Another study that was inspired by the NIH recommendation was performed 

by Vakil et al. [16] In this study, three different eradication regimes were 

compared with H2RA-maintenance therapy for peptic ulcer patients in the USA. A 

decision analytic model was used and values for model parameters were derived 

from available published data. Effectiveness was defined as the percentage of 

recurrence. The main costs driver in the model involved the costs of ulcer 

recurrence. It was concluded that all eradication regimens considered have a better 

cost-effectiveness than H2RA-maintenance therapy. 

Unge et al. evaluated Helicobacter pylori eradication versus H2RA-

maintenance therapy and versus episodic treatment in Sweden [15]. For this review 

the results for the latter comparison were not considered. A Markov chain model 

was used for the comparison of the different strategies. Effectiveness was 

measured as number of days free of symptoms and number of non-relapsing 

patients. The time horizon was extended to five years, only direct costs were 
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considered and the probabilities used in the model were derived from published 

clinical trials. Again it was concluded that eradication therapy provides better cost-

effectiveness than H2RA-maintenance therapy. 

Taylor et al. compared eight different eradication regimes with H2RA-

maintenance therapy in a decision analytic framework [14]. Again probabilities 

were derived from the medical literature. All eight eradication regimens resulted in 

lower annual costs and only two regimens were slightly less effective in preventing 

ulcer recurrence compared with maintenance therapy. All eradication regimens 

were estimated to provide better cost-effectiveness than maintenance therapy. 

Fendrick et al. studied the USA situation [9]. The economics of eradication 

and H2RA-therapy were estimated in a Markov simulation model during a 1-year 

time frame. Effectiveness was expressed in ulcer months per 100 patient-years, 

months with ulcer symptoms per 100 patient-years and months with any 

gastrointestinal symptom per 100 patients-years. All the costs studied were direct 

costs. Immediate Helicobacter pylori eradication was estimated to have better cost-

effectiveness than H2RA-maintenance therapy. 

Habu et al. evaluated the Japanese situation [10]. The study was inspired by 

the outcomes of cost-effectiveness studies in the USA and Europe. A Markov 

chain model was used to compare the different strategies and only direct costs were 

included. Effectiveness was measured in terms of percentage of relapsed patients, 

number of days with ulcer-related problems, number of days with ulcer-related 

medication and number of hospital visits. Over a 5-year time horizon, eradication 

therapy was estimated to have better cost-effectiveness than H2RA-maintenance 

therapy, as for the studies in Europe and the USA. 

Tavakoli et al. used a decision analysis model to analyse pharmacoeconomic 

impact in Scotland [13]. The assumptions used in the model were derived of a 

nonblind, prospective, randomised study with a 1-year follow-up. With respect to 

effectiveness, the model allows implicit assessment of number of patients without 
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symptoms during the follow-up period. The costs were calculated per patient for a 

time horizon of 1,2 and 5-years. Reporting of the study does not allow 

specification of the individual assumptions for different years in the time horizon. 

Tavakoli et al. concluded that Helicobacter pylori eradication is more cost-

effective than H2RA-maintenance therapy over a 1-year period of analysis; 

however after 5 years, maintenance therapy is better from an economic 

perspective. This shift occurs as patients who still use gastrointestinal drugs after 

eradication are generally more expensive patients, in terms of drug costs that are 

significantly higher than those of maintenance therapy. TABLE 1 summarises all 

study characteristics.  

 

Relative cost-effectiveness 

All the studies show a relative cost-effectiveness exceeding 1, with the majority of 

the studies showing a relative cost-effectiveness between 1.2 and 3.0 (TABLE 2). 

This implies that H2RA-maintenance therapy requires a spending of 120-300% of 

the net cost for Helicobacter pylori eradication to achieve a similar effect. 

The studies by Sonnenberg and Towsend and Vakil et al. have a relative 

cost-effectiveness of more than 10 [12,16].  In case of Sonnenberg and Towsend 

this is primarily caused by the inclusion of indirect costs in the model [12]. Vakil et 

al. presume the largest difference of all selected studies in the effectiveness 

outcomes of eradication and H2RA-maintenance therapy [16]. In particular, H2RA-

maintenance therapy had a recurrence rate of 86% while eradication therapy had a 

recurrence rate of 10.4 - 39.8%. In most other studies the recurrence rates of 

eradication and H2RA-maintenance therapy do not differ more than 17%. 

Unge et al. found a relative cost-effectiveness of between 5 and 10 [15]. Again the 

large difference in effect between H2RA-maintenance therapy and eradication 

compared with the other studies was the main reason for this finding. The 

effectiveness of Helicobacter pylori eradication is comparable with that of other 
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studies, however the effectiveness of H2RA-maintenance therapy is extremely low. 

The difference in recurrence rate was 47-52%. 

Tavakoli et al. [13] found a relatively low cost-effectiveness ratio of 1.2. 

This is also the only study in which the effectiveness of H2RA-maintenance 

therapy is higher than that of eradication therapy (98% of patients symptom free 

for H2RA-maintenance therapy compared with 87.7% for eradication therapy). 

All studies found higher costs for maintenance therapy per patient compared with 

eradication. H2RA-maintenance therapy involves constant drug use, Helicobacter 

pylori eradication in combination with acid suppression may heal and prevent 

recurrence of peptic ulcer and in most studies discontinuation of gastrointestinal 

drug utilisation is presumed. Also, in most studies the presumed relapse rate was 

higher for H2RA-maintenance therapy and therefore more drug costs were involved 

in controlling recurrences with H2RA-maintenance therapy than with eradication.  

A striking result was found in the study of Tavakoli et al., in estimating 

higher costs for eradication therapy compared with H2RA-maintenance therapy 

after a period of 5 years. [13] This was caused by the cost profile of patients 

remaining symptomatic after eradication therapy: they were assumed to be much 

more costly than patients with maintenance therapy. 

 

Relative cost of eradication 

The relative cost of eradication varies from 0.53 to 7.7. However, relative cost of 

eradication does not show a crucial impact on relative cost-effectiveness. 

Differences in relative cost-effectiveness ratios are primarily explained by the 

difference in effectiveness. This implies that the initial drug costs for the 

eradication therapy has a less profound impact on the cost-effectiveness than the 

eradication rate achieved.  
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Discussion & Conclusion 

Main findings 

In this review, eradication therapy of Helicobacter pylori is found to be more cost-

effective than the alternative pharmacotherapy for peptic ulcer management, 

H2RA-maintenance therapy. Most studies found lower cost for eradication therapy 

and lower rates of (symptomatic) recurrence. This result justifies Helicobacter 

pylori eradication therapy as the primary means to control peptic ulcer disease 

from a pharmacoeconomic point of view. 

Our review suggests that in choosing an eradication regimen, a high efficacy in 

eradicating Helicobacter pylori is more important than a low price of the regimen. 

Initial drug costs for an eradication regimen have less impact on the cost-

effectiveness ratio than the efficacy/effectiveness of the regimen has. Factors 

affecting the effectiveness of the drug regimen, such as local drug resistance 

profiles are therefore crucial. Only when eradication rates are similar initial drug 

costs can be taken into account when choosing the optimal regimen. 

Tavakoli et al. was the only study in which Helicobacter pylori eradication 

therapy was more costly [13]. This phenomenon took place after a period of 5 

years and was mainly caused by the development of symptoms of reflux disease in 

some of the patients with Helicobacter pylori eradication. Possibly, reflux disease 

has a higher chance to develop in the absence of Helicobacter pylori and reflux 

disease presents a more serious condition than peptic ulcer disease with higher 

associated costs (in particular, of PPIs. However, there is still no definite answer to 

the real connection between peptic ulcer disease, Helicobacter pylori and reflux 

disease [17-19].  

 

Study limitations 

Most studies did not include indirect costs of production losses. Inclusion of these 

costs are very likely to further improve cost-effectiveness of Helicobacter pylori 

eradication in peptic ulcer patients. Studies did not consider second, or even third 
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attempts to eradicate Helicobacter pylori after initial treatment failure of 

eradication. Inclusion of next attempts to eradicate is also likely to improve cost-

effectiveness, as it will improve eradication rates.  

All studies reviewed assume that if Helicobacter pylori is eradicated, ulcer 

recurrence is low [20,21]. A crucial assumption made by most of the models is that 

no gastrointestinal drugs are used absence of recurrences. However, some patients 

may continue to use gastrointestinal drugs even after successful eradication, due to 

other reasons than ulcer recurrence. In some patients reflux disease may develop 

[17] or dyspepsia may persist [13]. Current theoretical simulation models often fail 

to include these possibilities. If continued use of gastrointestinal drugs exists after 

eradication, the benefits found in the studied literature will be less pronounced or 

even absent. To find out whether or not there is a continued use of gastrointestinal 

drugs, controlled clinical trials and observational research is required, in which all 

monetary and health effects are registered. 

Our review was restricted to Helicobacter pylori eradication and ulcer 

disease. Recently Moayyedi et al. suggested that in nonulcer dyspepsia patients, 

Helicobacter pylori eradication also may be cost-effective [22]. Finally, recent 

findings from a randomised controlled trial indicate prolongation of disease-free 

time for reflux patients after eradication [23].  

 

 

Conclusion 

It can be concluded that, considering the available evidence, Helicobacter pylori 

eradication seems to have better cost-effectiveness than maintenance therapy in 

controlling peptic ulcer disease. In most studies, it was however assumed that no 

gastrointestinal drugs were needed after eradication. To assess whether this is true, 

additional research is needed to provide clarity on gastrointestinal drug utilisation 

after successful eradication of Helicobacter pylori. 
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Expert opinion 

Treatment to eradicate Helicobacter pylori in patients with a proven ulcer is cost-

effective as compared with H2RA maintenance therapy and therefore benefits both 

the patient and the society. In current peptic ulcer treatments PPIs are increasing in 

importance, both as maintenance and on-demand therapies. Formal cost-

effectiveness analyses comparing eradication and PPI therapy are not available at 

this time, but are also likely to indicate favourable cost-effectiveness for 

Helicobacter pylori eradication. 

 Eradication of Helicobacter pylori with a combination of anti-microbial 

agents and acid-suppressive drug therapy cures 85-95% from recurrence of peptic 

ulcer disease. Related research shows that failure of eradication of Helicobacter 

pylori is associated with low patient compliance and antibiotic resistance for 

metronidazole or clarithromycin and CYP2C19 genotype status. 

After successful Helicobacter pylori eradication, about 50% of the patients 

still use acid-suppressing therapy and corresponding costs are incurred. The role of 

Helicobacter pylori eradication in patients with dyspepsia, reflux disease and those 

requiring chronic NSAID therapy remains controversial.   

 

Five-year view 

The development of a single bismuth-based triple therapy mono-capsule ensures a 

better patient compliance in the near future. 

 The incidence of Helicobacter pylori declines in the western world, which 

will result in fewer Helicobacter pylori-related peptic ulcers and decreased need 

for eradication. 

The development of a vaccine against Helicobacter pylori is the ultimate 

goal in the fight against peptic ulcer disease: therapeutic vaccines are expected to 

be available within 5-10 years; development of a preventive vaccine is expected to 

take longer. 
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Abstract 
Introduction: Eradication of Helicobacter pylori has been proven to prevent 

recurrence of peptic ulcer, potentially resulting in increased quality-of-life and less 

money spent on gastrointestinal drugs. Pharmacoeconomic analyses of 

Helicobacter pylori eradication often presume this favourable monetary effect on 

drug costs. We investigated the presumed beneficial effect of Helicobacter pylori 

eradication on the use of gastrointestinal drugs before and after Helicobacter pylori 

eradication in two separate databases. The first database consists of pharmacy data 

on dispensed gastrointestinal drugs, whereas the second database consists of 

general practitioners (GP) data on prescribed gastrointestinal drugs. 

Methods: For pharmacy data, the drug dispensing data were extracted from the 

InterActie-database. This database comprises prescription information of 

approximately 150,000 patients. These patients are registered with more than 20 

pharmacies in the north and east of the Netherlands. Data on Helicobacter pylori 

eradications from 1995 to 1998 were used in this study. To enable inclusion of 

prior and post eradication periods additional information was also taken from 1994 

and 1999. For GP data, the drug prescribing data was extracted from the RNG-

database. This database comprises prescription information of approximately 

30.000 patients. These patients are registered with 17 GPs in the north of the 

Netherlands. Data on Helicobacter pylori eradications from 1997 to 2000 were 

used in this study. To enable inclusion of prior and post eradication periods 

additional information was also taken from 1996 and 2001. We identified patients 

with a Helicobacter pylori eradication as patients with a prescription for a 

gastrointestinal drug (ATC=A02*) and at least two prescriptions for antibiotics 

(ATC=J*) on the same day. For clarity, only patients with an eradication regimen 

that was not preceded or followed by another eradication regimen within one year 

of eradication were analysed. Gastrointestinal drug costs were based on acquisition 

prices for Dutch public pharmacies (excluding value added tax) set by the Royal 

Dutch Association for the Advancement of Pharmacy for May 2002. Drug 
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utilisation and costs were calculated for 4-monthly periods prior to eradication 

(months 4-0 before) and one year later (9-12 months post eradication). For 

comparison costs in all periods were expressed per patient per month. For 

statistical analysis the STUDENT’s t-test was used. 

Results: Pharmacy data; Generally the percentage of patients on gastrointestinal 

drugs after eradication decreases with time elapsed since eradication. In 40% of the 

cases, persons became non-users post eradication. Costs for gastrointestinal drugs 

are €34 per patient per month prior to eradication. A significant decline in this 

variable is observed post eradication, one year later. Costs for PPIs show an 

opposite trend: costs per patient per month are 25% higher post eradication 

compared to prior. Also, more than half of the gastrointestinal drug costs in the 

pre-eradication period relate to non-PPIs whereas post eradication 83% of the drug 

costs is for PPIs.  

GP data; Generally the percentage of patients on gastrointestinal drugs decreased 

with time elapsed after eradication. The costs per patient per period for all 

gastrointestinal drugs decrease after eradication. However, the costs for PPIs do 

not differ significantly. Post eradication 40% of the patients continued using 

gastrointestinal drugs, of which 60% used a PPI. Before eradication 29% on 

gastrointestinal drugs used a PPI. In the non-ulcer group the percentage of people 

on PPIs after Helicobacter pylori eradication is higher compared to the ulcer 

group. The cost in non-ulcer group is also higher compared to the ulcer group. This 

is the case prior and post eradication. The difference in PPI cost before and after 

eradication is non-significant in both groups, indicating no difference in PPI costs 

before and after eradication.  

Conclusion: In practice continued use and costs of PPIs exist after Helicobacter 

pylori eradication. Costs post eradication are mainly due to PPIs. There may be a 

great pharmacoeconomical advantage when it is possible to predict which patients 

are more likely to ‘fail’ eradication therapy. 
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6.1 Introduction 

Eradication of Helicobacter pylori has been proven to prevent recurrence of peptic 

ulcer, potentially resulting in increased quality-of-life and less money spent on 

gastrointestinal drugs [1]. Pharmacoeconomic analyses of Helicobacter pylori 

eradication often presume this favourable monetary effect on drug costs [2-4].   

Helicobacter pylori eradication regimens comprise combinations of proton 

pump inhibitors (PPIs) and two antibiotics. Effectiveness in eradicating 

Helicobacter pylori may exceed 80% [5]. The currently preferred regimen 

internationally and in the Netherlands is triple therapy with a PPI, clarithromycin 

and amoxicillin twice daily during 7-10 days [6].  

We investigated the presumed beneficial effect of Helicobacter pylori 

eradication on the use of gastrointestinal drugs before and after Helicobacter pylori 

eradication in two separate databases. The first database consists of pharmacy data 

on dispensed gastrointestinal drugs, whereas the second database consists of 

general practitioners (GP) data on prescribed gastrointestinal drugs. 

 

 

6.2 Pharmacy data 

Data and Methods 

Drug dispensing data were extracted from the InterAction-database [7]. This 

database comprises prescription information of approximately 150,000 patients. 

These patients are registered with more than 20 pharmacies in the north and east of 

the Netherlands. In the Netherlands all pharmacies have computer systems in 

which patient history with dispensing records are stored. Data on Helicobacter 

pylori eradications from 1995 to 1998 were used in this study. To enable inclusion 

of prior and post eradication periods additional information was also taken from 

1994 and 1999. 

We identified patients with a Helicobacter pylori eradication as patients 

with a prescription for a gastrointestinal drug (ATC=A02*) and at least two 
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prescriptions for antibiotics (ATC=J*) on the same day. For clarity, only patients 

with an eradication regimen that was not preceeded or followed by another 

eradication regimen within one year of eradication were analysed.  

 Chronic utilisation of gastrointestinal drugs was defined as more than 0.5 

DDD per day on average during the 4 months prior to eradication of Helicobacter 

pylori. To exclude NSAID-induced gastrointestinal drug utilisation, patients with 

an NSAID-prescription during at least one month in the year prior to or in the year 

after eradication were excluded (N=11). 

Gastrointestinal drug costs were based on acquisition prices for Dutch 

public pharmacies (excluding value added tax) set by the Royal Dutch Association 

for the Advancement of Pharmacy for May 2002 [8]. Drug utilisation and costs 

were calculated for 4-monthly periods prior to eradication (months 4-0 before) and 

one year later (9-12 months post eradication). 

 For comparison costs in all periods were expressed per patient per month. 

For statistical analysis the STUDENT’s t-test was used. 

 

 

Results 

We identified 161 Helicobacter pylori eradications, all used the preferred regimen. 

Of the eradications 58% were among men. The comprised age range was 24-85 

years (average of 56 years). Over the years analysed there was a shift in prescriber 

of the eradication regimen, in 1995 40% of the eradication regimens was 

prescribed by the GP, whereas in 1998 this was almost 60%, the remainder was 

prescribed by the gastroenterologists (FIGURE 1). 

Generally the percentage of patients on gastrointestinal drugs after 

eradication decreases with time elapsed since eradication (TABLE 1). In 40% of the 

cases, persons became non-users post eradication. 
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Figure 1: The prescriber of the eradication regimen per year and combined. GP = general 
practitioner, GE = gastroenterologist 
 
 
 
Costs for gastrointestinal drugs are €34 per patient per month prior to eradication. 

A significant decline in this variable is observed post eradication, one year later. 

Costs for PPIs show an opposite trend: costs per patient per month are 25% higher 

post eradication compared to prior. Also, more than half of the gastrointestinal 

drug costs in the pre-eradication period relate to non-PPIs whereas post eradication 

83% of the drug costs is for PPIs. 

Of the persons on PPIs prior to eradication only 30% became a non-user of 

gastrointestinal drugs one year later. Users of gastrointestinal drugs are primarily 

PPI-users: 83% of the users and 90% of the costs post eradication. Of those 

persons without PPIs 60% became PPI-user post eradication and PPIs account for 

75% of their gastrointestinal drug costs in this period. 
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Table 1. Cost of gastrointestinal (GI) drugs per person per month prior to and post 
Helicobacter pylori eradication therapy for chronic GI-drug users (N=161) in € 
(cost level 1999) and percentages on GI-drugs; based on pharmacy data. 

Users Period Prior Post 
All GI-drug costs € 34 € 24 (p=0.002) 
 PPI-costs € 16 € 20 (p=0.17) 
 % on GI-drugs (PPI) 100 (42) 60 (71) 
PPI GI-drug costs € 44 € 24 (p=0.008) 
 PPI-costs € 38 € 20 (p=0.06) 
 % on GI-drugs (PPI) 100 (100) 70 (83) 
Non-PPI GI-drug costs € 26 € 20 (p=0.003) 
 PPI-costs € 0 € 15 (p<0.0001) 
 % on GI-drugs (PPI) 100 (0) 53 (60) 

Periods are: prior; 4 months prior to eradication, post; 9-12 months post eradication. Between 
brackets percentages for users of proton pump inhibitors (PPI) of those still on GI-drugs. For 
statistical inference the paired t-test was used, between brackets p-values for the t-test on the 
difference with Prior are shown for costs. Results are specified for all chronic users, those on 
PPI prior to eradication and those without a PPI (non-PPI) prior to eradication.   
 

 

6.3 GP data 

Data and Methods 

Drug prescribing data was extracted from the RNG-database [9,10]. This database 

comprises prescription information of approximately 30.000 patients. These 

patients are registered with 17 GPs in the north of the Netherlands. GPs in the 

Netherlands have a constant population registered within their practice for which 

they provide care. GPs account for more than 90% of the referrals to specialists. 

Approximately 80% of the population of the GPs participating in the RNG-

database stay with the same GP over a 4 year time period. The other 20% 

disappears or appears through movement, birth or dead. The participating GPs 

have meetings to discuss diagnostic classifications. As guidance the Dutch General 

Practitioners guideline is used [11]. The guideline concerning stomach complaints 

advises not to treat stomach complaints with ‘blind’ eradication therapy without 

gastroscopy. All the participating GPs had free access to gastroscopy. Data on 

Helicobacter pylori eradications from 1997 to 2000 were used in this study. To 
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enable inclusion of prior and post eradication periods additional information was 

also taken from 1996 and 2001. 

We identified patients with a Helicobacter pylori eradication as patients 

with a prescription for a gastrointestinal drug (ATC=A02*) and at least two 

prescriptions for antibiotics (ATC=J*) on the same day. For clarity, only patients 

with an eradication regimen that was not preceeded or followed by another 

eradication regimen within one year of eradication were analysed. Patients with 

eradication within one year of eradication were therefore excluded. Patients with 

incomplete data post or prior eradication were excluded.  

Further selection was done using the registered diagnosis for the 

Helicobacter pylori eradication. Diagnose was registered using the internationally 

accepted ICPC-code [12]. Patients were assigned either to a group with diagnosed 

ulcers (ICPC D85 and D86) or a group without diagnosed ulcers (ICPC D02, D03, 

D84 and D87). Chronic utilisation of gastrointestinal drugs was defined as 

utilization of a gastrointestinal drug during the 4 months prior to eradication of 

Helicobacter pylori.   

 Gastrointestinal drug costs were based on acquisition prices for Dutch 

public pharmacies (excluding value added tax) set by the Royal Dutch Association 

for the Advancement of Pharmacy for may 2002 [8]. Drug utilisation and costs 

were calculated for 4-monthly periods prior to eradication (months 4-0 before) and 

one year later (9-12 months post eradication). 

 For comparison costs in both periods were expressed per patient per 

month. For statistical analyses a paired t-test was used. 

 

 

Results 

We identified 110 patients with a prescription for a Helicobacter pylori 

eradication. Of these patients 2 had an eradication within one year of the first 

eradication and 6 patients were excluded because of incomplete data prior or post 
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eradication, which leaves 102 patients for evaluation. Of these 102 patients 63 

(62%) were identified as chronic GI-drug users. Of these 63 patients who were 

prescribed a Helicobacter pylori eradication regime, 19 (30%) were diagnosed 

with peptic ulcer disease and 44 (70%) had not.  

Generally the percentage of patients on gastrointestinal drugs decreased 

with time elapsed after eradication (TABLE 2). The costs per patient per period for 

all gastrointestinal drugs decrease after eradication. However, the costs for PPIs do 

not differ significantly. Post eradication 40% of the patients continued using 

gastrointestinal drugs, of which 60% used a PPI. Before eradication 29% on 

gastrointestinal drugs used a PPI. 

In the non-ulcer group the percentage of people on PPIs after Helicobacter 

pylori eradication is higher compared to the ulcer group. The cost in non-ulcer 

group is also higher compared to the ulcer group. This is the case prior and post 

eradication. The difference in PPI cost before and after eradication is non-

significant in both groups, indicating no difference in PPI costs before and after 

eradication.  

 

 

6.4 Discussion & Conclusion 

Overall the triple therapy for eradication of Helicobacter pylori is prescribed 

primarily by the GP. However, in the beginning of the study period 

gastroenterologists were the primary prescriber of the triple therapy. Reason for 

this shift is probably the fact that triple therapy was relatively new in 1995 and GPs 

generally follow specialists (in this case the gastroenterologists) in new strategies.  

Both the pharmacy data and the GP data show a decrease in total 

gastrointestinal drug costs. In both groups this is significant for all patients. 

However in both databases continued use and costs of PPIs after Helicobacter 

pylori eradication is shown. This is contrary to the assumption in most  

 89



Chapter 6 

Table 2. Cost of all gastrointestinal (GI) drugs and proton pump inhibitors (PPIs) 
per patient per 4-monthly period prior and post Helicobacter pylori eradication in € 
(price year: 2002) and percentages on GI-drugs for 63 Helicobacter pylori 
eradications; based on GP data  

Group Period Prior Post 
Ulcer chronic (n=19) GI-drug costs € 42 € 18 (p<0.05) 
 PPI costs € 11 € 12 (p=0.84 
 % on GI-drugs (PPI) 100% (21%) 37% (43%) 
Non-Ulcer chronic (n=44) GI-drug costs € 58 € 29 (p<0.01) 
 PPI costs € 27 € 23 (p=0.58) 
 % on GI-drugs (PPI) 100% (32%) 41% (67%) 
All chronic (n=63) GI-drug costs € 53 € 26 (p<0.01) 
 PPI costs € 22 € 20 (p=0.62) 
 % on GI-drugs (PPI) 100% (29%) 40% (60%) 

Periods are: prior; 4 months prior to eradication, post; 9-12 months post eradication. Between 
brackets percentages for users of proton pump inhibitors (PPI) of those (still) using GI-drugs are 
shown. Distinguished groups refer to all ulcer patients (ICPC D85 and D86) and to all non-ulcer 
patients (ICPC D02, D03, D84 and D87) which were chronic GI-drug users. For statistical 
inference the paired t-test was used. 
 
 

 

pharmacoeconomic models that Helicobacter pylori eradication results in lower 

PPI use and costs. 

Several explanations present themselves for gastrointestinal drug use after 

eradication. Firstly, eradication therapy was successful but the Helicobacter pylori 

infection was not responsible for the gastrointestinal problems. This could also 

explain the PPI use and costs, as Helicobacter pylori infection potentates the 

inhibition of acid secretion by omeprazole [13]. When Helicobacter pylori is 

eradicated a higher dose of PPIs would be necessary to reach the same acid 

inhibitory effect. This could explain part of the users in the ulcer group, as 

Helicobacter pylori may not be responsible for all ulcers found. In a meta-analysis 

concerning the situation in the US, Laine et al. [14] found that 20% of ulcer 

recurrence was neither NSAID nor Helicobacter pylori induced. The findings of 

Laine et al. are not necessarily true for the Netherlands; nevertheless it could 

explain some of the post eradication users. For the non-ulcer group this could be 

the case for a majority of the users. Moayyedi et al. [15] found that 15 patients had 
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to be treated to cure 1 patient of non-ulcer dyspepsia, which indicates that 

Helicobacter pylori eradication is not an effective treatment in a majority of 

patients with non-ulcer dyspepsia. Both these arguments are also applicable to the 

pharmacy data used in this study.  

Furthermore NSAID-use was not considered in the selection of the patients 

in the GP-data used in this study. It is possible that post eradication GI-drug use is 

caused by NSAID related ulcers and not Helicobacter pylori related ulcers. In the 

group identified by pharmacy data we found similar figures, with exclusion of 

NSAID users. As we had no information concerning over the counter NSAID use, 

there is not a complete overview of NSAID use prior and post Helicobacter pylori 

eradication. The NSAID use prescribed by the GPs, in the RNG database, was 

constant over the study period.  

It can also be that eradication therapy has failed. Factors associated with an 

adverse treatment outcome are high intragastric bacterial load before treatment, 

bacterial genotype and host genetic polymorphisms of the cytochrome-P450 

isoenzymes that are involved in the metabolisms of PPIs [16]. Another reason for 

failure of an eradication regime is antibiotic resistance [17,18]. In this study the 

main eradication regimen used consisted of amoxicillin and clarithromycin for 

which the antibiotic resistance in the Netherlands is low [19]. Next to these 

arguments, accordance to therapy may influence success of eradication. We 

excluded patients who had another Helicobacter pylori eradication within one year 

of the studied eradication, this makes the possibility of failed Helicobacter pylori 

therapy unlikely. Another possibility is that patients are re-infected with 

Helicobacter pylori; this is however also unlikely because the rate of re-infection is 

considered to be low [20,21]. 

Although we have information on the diagnosis made by the GP in the GP 

database, we do not have any information on Helicobacter pylori testing. Therefore 

we can not be sure that Helicobacter pylori is present prior to the prescribed 

eradication regimen. When Helicobacter pylori is not present an eradication 
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therapy is unlikely to benefit the patient. In a recent survey, Weijnen et al.[22] 

found that not all GPs test for Helicobacter pylori infection before prescribing an 

eradication regimen. Therefore with the decreasing prevalence of Helicobacter 

pylori in the Netherlands [23] there is an increasing possibility that patients with 

gastrointestinal problems have no Helicobacter pylori infection. In a study 

concerning the adherence to formulary guidelines by the participating GPs. It was 

found that the GPs had a global adherence which varied from 76-89% [10]. In the 

Dutch General Practitioners guidelines, ‘blind’ Helicobacter pylori therapy is only 

recommended in case of proven ulcus duodeni [10]. In case of a ulcus ventriculi 

Helicobacter pylori diagnostics is necessary. For the eradication therapies 

prescribed by the GPs in the GP database it is therefore likely that Helicobacter 

pylori testing is done prior to eradication. 

It is argued that after eradication therapy patients have a higher risk of 

developing gastroesophageal reflux disease (GERD) [24]. Development of GERD 

could potentially lead to an increase in the use of PPIs. In the GP-database we did 

not find any indications that patients developed GERD after eradication therapy. 

Only 2 patients were prescribed PPIs because of GERD after eradication therapy.  

Another argument for the use of PPIs is rebound hypersecretion which 

occurs when gastric acid inhibition therapy is stopped [25,26]. When rebound 

hypersecretion occurs gastrointestinal problems will reappear and the need for PPIs 

will return. It is unclear to what extend this is the case in both populations studied.  

There was no suggestion in our data that the diagnosis by the general 

practitioner for which the Helicobacter pylori eradication was prescribed had any 

influence on the success of the eradication in terms of costs and use of 

gastrointestinal drugs. The costs of gastrointestinal drugs appear to be higher in the 

non-ulcer group but the use and costs of gastrointestinal drugs follow the same 

trend.  

As is shown the results of Helicobacter pylori eradication in terms of 

utilization and cost for PPIs and all gastrointestinal drugs is comparable in both 
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databases used. Both databases used have their own specific advantages. For the 

pharmacy database it is certain that the prescriptions are delivered to the patients, 

for the GP database this is not the case. However, the information on receiving the 

medication does not guarantee that the medication is used properly. For the GP 

database the advantage is that there is an indication why medications are 

prescribed. However in this study the indication for why Helicobacter pylori 

eradication was prescribed did not make a difference for the final conclusions. 

Another advantage of the pharmacy data is that next to GP prescriptions also 

prescriptions by specialists are included. 

 

In practice continued use and costs of PPIs exist after Helicobacter pylori 

eradication. Costs post eradication are mainly due to PPIs. There may be a great 

pharmacoeconomical advantage when it is possible to predict which patients are 

more likely to ‘fail’ eradication therapy in terms of continued gastrointestinal drug 

use.

 93



Chapter 6 

References 

 

1. Axon ATR, O’Morain CA, et al. Randomised double blind controlled 
study of recurrence of gastric ulcer after treatment for eradication of 
Helicobacter pylori infection. British Medical Journal 1997; 314:565 

 
2. O'Brien B, Goeree R, Mohamed H, Hunt RH. Cost effectiveness of 

Helicobacter pylori Eradication for the Long-term Management of 
Duodenal Ulcer in Canada. Archives of Internal Medicine 1995; 155:1958-
1965 

 
3. Vakil N, Fennerty MB. Cost-effectiveness of treatment regimens for the 

eradication of Helicobacter pylori in duodenal ulcer. American Journal of 
Gastroenterology 1996; 91:239-245 

 
4. Klok RM, Brouwers JRBJ, Postma MJ. Pharmacoeconomics of 

Helicobacter pylori: eradication versus maintenance therapy in controlling 
peptic ulcer disease. Expert Review of Pharmacoeconomics & Outcomes 
Research 2001; 1(1):19-24 

 
5. de Boer WA, Tytgat GNJ. Treatment of Helicobacter pylori infection. 

British Medical Journal 2000; 320:31-34 
 
6. Calvet X, Garcia N, Lopez T, Gisbert JP, Gené E, Roque M. A meta-

analysis of short versus long therapy with a proton pump inhibitor, 
clarithromycin and either metronidazole or amoxicillin for treating 
Helicobacter pylori infection. Alimentary Pharmacology & Therapeutics  
2000; 14:603-609 

 
7. Tobi H, van den Berg P, de Jong-van den Berg LTW. The Inter Action 

Database: Synergy of Science and Practice in Pharmacy. In: Brause RW 
and Hanisch E, eds. Medical Data Analysis. Berlin: Springer-Verlag, 
2000:206-211 

 
8. KNMP Taxe Drug Prices in the Netherlands. Royal Dutch Association for 

the Advancement of Pharmacy; 2002. The Hague, The Netherlands 
 

9. Hiddema-van den Wal A, Smith RJA, van der Werf GTh, Meyboom-de 
Jong B. Towards improvement of the accuracy and completeness of 
medication registration with the use of an electronic medical record 
(EMR). Family Practice 2001; 18(3):288-291 

 

 94



Gastrointestinal drug utilization prior and post Helicobacter pylori eradication 

10. Kamps GB, Stewart RE, van der Werf GTh, Schuling, Meyboom-de Jong 
B. Adherence to the guidelines of a regional formulary. Family Practice 
2000; 17(3):254-260 

 
11. Numans ME, de Wit NJ, Geerdes RHM, Muris JWM, Starmans R, 

Postema PhJ, Jager AJ, Rosmalen CFH, van der Laan JR. NHG-standard 
gastric complaints (In Dutch: NHG-standaard maagklachten). Huisarts & 
Wetenschap 1996; 39(12):565-577 

 
12. WONCA International Classification Committee. ICPC-2. International 

Classification of Primary Care, 2nd edn. Oxford: Oxford University Press, 
1998 

 
13. Gillen D, Wirz AA, Neithercut D, Ardil JES, McColl KEL. Helicobacter 

pylori infection potentates the inhibition of gastric acid secretion by 
omeprazole. Gut 1999; 44(4):468-475 

 
14. Laine L, Hopkins RJ, Girardi LS. Has the Impact of Helicobacter pylori 

Therapy on Ulcer Recurrence in the United States Been Overstated? A 
Meta-Analysis of Rigorously Designed Trials. American Journal of 
Gastroenterology1998; 93(9):1409-1415 

 
15. Moayyedi P, Soo S, Deeks J, Forman D, Mason J, Innes M et al. 

Systematic review and economic evaluation of Helicobacter pylori 
eradication treatment for non-ulcer dyspepsia. Dyspepsia Review Group. 
British Medical Journal 2000; 321(7262):659-664 

 
16. Qasim A, O’Morain CA. Review article: treatment of Helicobacter pylori 

infection and factors influencing eradication. Alimentary Pharmacology & 
Therapeutics  2002; 16(suppl 1):24-30 

 
17. Houben MHMG, Van De Beek D, Hensen EF, De Craen AJM, Rauws 

EAJ, Tytgat GNJ. A systematic review of Helicobacter pylori eradication 
therapy - the impact of antimicrobial resistance on eradication rates. 
Alimentary Pharmacology & Therapeutics 1999; 13(8):1047-1055 

 
18. Megraud F. Resistance of Helicobacter pylori to antibiotics: the main 

limitation of current proton-pump inhibitor triple therapy. European 
Journal of Gastroenterology and Hepatology 1999; 11(Suppl 2):S35-S37 

 
19. Debets-Ossenkopp YJ, Herscheid AJ, Pot RGJ, Kuipers EJ, Kusters JG, 

Vandenbroucke-Grauls CM. Prevalence of Helicobacter pylori resistance 
to metronidazole, clarithromycin, amoxycillin, tetracycline and trofloxacin 

 95



Chapter 6 

in The Netherlands. Journal of Antimicrobial Chemotherapy 1999; 
43(4):511-515 

 
20. Abu-Mahfouz MZ, Prasad VM, Santogarde P, Cutler AF. Helicobacter 

pylori Recurrence after Successful eradication: 5-Year Follow-Up in the 
United States. American Journal of Gastroenterology 1997; 92(11):2025-
2028 

 
21. van der Hulst RW, Rauws EA, Koycu B, Keller JJ, ten Kate FJ, Dankert J 

et al. Helicobacter pylori reinfection is virtually absent after successful 
eradication. Journal of Infectious Diseases 1997; 176(1):196-200 

 
22. Weijnen CF, de Wit NJ, Numans ME, Quartero AO, Verheij TJ. Dyspepsia 

Management in Primary Care in The Netherlands: To What Extent Is 
Helicobacter pylori Diagnosis and Treatment Incorporated?. results from a 
survey among general practitioners in the Netherlands. Digestion 2001; 
64(1):40-45 

 
23. Roosendaal R, Kuipers EJ, Buitenwerf J, van Uffelen C, Meuwissen SG, 

van Kamp GJ et al. Helicobacter pylori and the birth cohort effect: 
evidence of a continuous decrease of infection rates in childhood. 
American Journal of Gastroenterology1997; 92(9):1480-1482 

 
24. Cremonini F, Di Caro S, Delgado-Aros S, Sepulveda A, Gasbarrini G, 

Gasbarrini A, Camilleri M. Meta-analysis: the relationship between 
Helicobacter pylori infection and gastroesophageal reflux disease. 
Alimentary Pharmacology & Therapeutics  2003; 18(3): 279-289 

 
25. Kuipers EJ, Klinkenberg-Knol EC. Helicobacter pylori, Acid, and 

Omeprazole Revisited: Bacterial Eradication and Rebound Hypersecretion. 
Gastroenterology 1999; 116(2): 479-492 

 
26. Gillen D,  Wirz AA, Ardill JE, McColl KEL. Rebound Hypersectretion 

After Omeprazole and Its Relation to On-Treatment Acid Suppression and 
Helicobacter pylori status. Gastroenterology 1999; 116(2): 239-247 

 

 96



 

Chapter 7 

 

 

Economic evaluation of a randomized trial 
comparing Helicobacter pylori test-and-
treat with prompt endoscopy in primary 
care  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Published as: 
Klok RM, Arents NLA, de Vries R, Thijs JC, Brouwers JRBJ, Kleibeuker JH, 
Postma MJ. Economic evaluation of a randomized trial comparing Helicobacter 
test-and-treat and prompt endoscopy strategies for managing dyspepsia in a 
primary care setting. Clinical Therapeutics 2005;27:1647-1657



Chapter 7 

Abstract 
Introduction: In Western European countries most dyspeptic patients are initially 

managed by their General Practitioner (GP), who use a range of strategies to 

manage dyspepsia. An economic analysis was performed of a Helicobacter pylori 

test-and-treat strategy versus a prompt endoscopy approach in a primary care 

setting. 

Methods: Data were used from the ‘Strategy: ENdoscopy versus SErology’ 

(SENSE)-study, performed in the Netherlands from 1998 to 2001. Patients were 

randomized to a prompt endoscopy (n=105) and a test-and-treat (n=118) group. 

Follow-up lasted one year. Healthcare cost used were on: the total amount of 

dyspepsia-related drugs used, the number of dyspepsia-related GP visits, the 

number of diagnostic tests and the number of dyspepsia-related referrals to 

specialists. The use of medical resources was calculated as standardized costs for 

1999. Quality of life was measured at inclusion and one year later, using the 

RAND-36 questionnaire. To calculate quality adjusted life years (QALYs), we 

transformed the individual scores of the RAND-36 into 1 overall score, the Health 

Utilities Index Mark 2. An incremental cost-effectiveness ratio (ICER) was 

calculated. The 95% confidence intervals were calculated using a parametric 

bootstrap method with angular transformation. All cost data collected was from a 

third party payer perspective 

Results: The total costs per patient were €511 with 0.037 QALY gained per 

patient, in the test-and-treat group, and €748, with 0.032 QALY gained per patient 

in the endoscopy group (between groups, P<0.001 and P=NS, respectively). The 

point estimate of the ICER indicated that the test-and-treat strategy yielded cost 

savings and QALYs gained. Parametric bootstrap confidence limits indicate cost-

savings and QALYs gained in 75.7% of the bootstrap simulations. 

Conclusions: This analysis suggests that the Helicobacter pylori test-and-treat 

strategy was more cost-effective than prompt endoscopy in the initial management 

of dyspepsia in general practice, from the perspective of a third-party payer. 
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Introduction 

Dyspepsia refers to a complex of symptoms originating from the upper alimentary 

tract. Dyspepsia related symptoms are very common [1] and have large socio-

economic impact [2]. In most western European countries, dyspeptic patients are 

typically managed by their general practitioners (GPs), who generally treat their 

patients empirically with acid-suppressing agents before considering endoscopy. In 

1985, the American College of Physicians determined this to be the most cost-

effective method for treating dyspepsia [3].  

Over the past 2 decades new data have become available indicating that 

alternative strategies for the initial management of dyspepsia may be more (cost-) 

effective. First of all, it has been shown that the majority of the patients with 

dyspeptic complaints consulting their GP have functional dyspepsia [4]. In these 

patients, no sound evidence for the use of acid suppressive drugs is available [5,6]. 

Secondly, when peptic ulcer disease (PUD) or gastroesophageal reflux disease 

(GERD) is diagnosed, acid suppressive therapy will relieve the symptoms 

temporarily but both diseases are likely to relapse after discontinuation of the drug 

[7-10]. Finally with the discovery of the role of Helicobacter pylori in PUD, 

antibacterial eradication therapy was introduced. Eradication therapy was shown to 

be more cost-effective than chronic acid suppressive therapy in PUD patients [11]. 

For the evidence-based initial management of dyspepsia the Cochrane 

collaboration group identified four different strategies [12]: acid suppressive 

therapy; prompt endoscopy; testing for Helicobacter pylori and endoscope only 

those positive (the test-and-scope approach); and Helicobacter pylori eradication 

therapy with prior testing or without prior testing (the test-and-treat and treat 

approaches) 

The reviewers collected 20 papers which reported 23 comparisons. All studies 

included were controlled trials of dyspeptic patients presenting in primary care. 

Results of comparable papers were pooled. Results concerning dyspeptic 

symptoms, quality of life (QoL) and use of resources were collected. The reviewers 
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concluded that prompt endoscopy resulted in a larger reduction in dyspeptic 

symptoms as compared to acid suppressive therapy, relative risk (RR) at 0.89 (95% 

confidence interval (CI); 0.77 – 1.02). The test-and-treat strategy was also shown 

to be more effective than acid suppressive therapy, RR 0.59 (95% CI; 0.42 – 0.83), 

whereas the test-and-scope strategy does not increase effectiveness but does 

increase costs [12]. According to this review, both promp endoscopy and the test-

and-treat strategy were more effective than acid-suppresive therapy for symptom 

reduction.  

Therefore, we conducted an economic comparison of the prompt endoscopy 

and the test-and-treat strategy in the Netherlands, using data from a recently 

published clinical trial comparing both strategies in a primary care setting, which is 

the setting in which most Dutch dyspeptic patients are managed [13].  

 

 

Methods 

The SENSE Study 

Patients and Methods 

To calculate the cost-effectiveness of the test-and-treat and the prompt endoscopy 

strategies, data were used from the “Strategy: ENdoscopy versus SErology” 

(SENSE) study [13]. The SENSE-study was a randomized clinical trial in a 

primary care setting. In this study 56 general practitioners (GP’s) participated. 

Patients were considered for inclusion in the study if they presented with 

symptoms of dyspepsia that were severe enough to warrant endoscopy or the 

prescription of acid-suppressive medication. This decision was left to the dicretion 

of the GP. Exclusion criteria for the GP’s were; patients with symptoms suggestive 

to GERD; age younger than 18 years; and presence of high-risk symptoms (ie, first 

appearance of dyspeptic symptoms after the age of 55; previously documented 

PUD or GERD; previous surgery of the upper alimentary tract, other than 

uncomplicated cholystectomy; previous anti Helicobacter pylori treatment; the use 
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of proton pump inhibitors (PPIs), bismuth compounds or antibiotics in the month 

before inclusion; the use of non-steroidal anti-inflammatory drugs (NSAIDs) other 

than low-dose acetyl salicylic acid in the preceding two weeks; known allergy for 

drugs used in the study; suspected poor compliance; pregnancy or lactation; and 

participating in any other study. Patients were withdrawn from the study if any 

malignancy was diagnosed or if the patient got pregnant.  

After given written informed consent, patients were randomized by their 

GP. Randomization was stratified by supplying four sealed envelopes to each GP, 

ensuring two patients each randomized to the test-and-treat and prompt endoscopy 

groups. 

Patients in the endoscopy group were referred to open-access endoscopy, 

which was performed within two weeks after inclusion. If PUD was detected at 

endoscopy, patients were directly prescribed ranitidine until the next GP visit. At 

the second visit, the GP decided on further treatment. When reflux oesophagitis 

was detected, patients were prescribed lansoprazole for three months. Dosages of 

these prescribed drugs were left at the discretion of the endoscopist. All other 

patients were referred back to their GP awaiting culture and histology results. 

Patients infected with Helicobacter pylori were treated with a one-week 

eradication regime which was guided by susceptibility testing: lansoprazole (30 mg 

bid), amoxicillin (1000 mg bid), and either metronidazole (500 mg bid) (LAM) or 

clarithromycin (500 mg bid) (LAC). Patients with normal endoscopic findings and 

Helicobacter pylori negative were prescribed cisapride (20 mg bid) for four weeks. 

Patients Helicobacter pylori negative, but with peptic ulcers, erosive gastritis and 

erosive duodenitis were usually treated with acid suppressive agents, after 

conferring with the gastroenterologist 

Of patients in the test-and-treat group a venous blood sample was drawn 

for Helicobacter pylori serology. For these patients no susceptibility testing was 

available; in such cases, the organism was considered to be metronidazole 

resistant. In another study in the same region at the same time, Clarithromycin 
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resistance was shown to be very rare (~2%). Those with positive results were 

therefore prescribed LAC by the GP. If negative the GPs were encouraged to 

prescribe cisapride (20 mg bid) for four weeks. After initial four week treatment 

according to protocol, GPs were free to manage the patient according to his or her 

own insights. This could include either a change in treatment, referral for 

diagnostic tests (including endoscopy) or referral to a gastroenterologist or other 

specialist. All patients were followed for 12 months.  

For a more detailed description of this study we refer to the paper by 

Arents et al. [13]. 

 

Data  

In FIGURE 1 the flow diagram of the study is presented. Two hundred and eighty 

one patients consented to participate in the study. Eleven Patients were excluded 

for the following reasons: failed to return the first questionnaire (n=2), no show at 

endoscopy (n=4), no biopsies taken at endoscopy (n=2), suspected poor 

compliance (alcohol abuse (n=1)), shortly staying foreigner (n=1) and presence of 

sinister symptoms (n=1). Therefore 270 patients were eventually enrolled at the 

beginning of the study, 141 in the test-and-treat group and 129 in the endoscopy 

group. At evaluation one year after enrolment follow-up data were not available for 

23 patients (16.3%) in the test-and-treat group and for 24 patients (18.6%) in the 

endoscopy group due to the following reasons: failed to return the follow-up 

questionnaire (n=22), incomplete initial or follow-up questionnaire (n=21), 

pregnancy (n=2) or malignancy  diagnosed during follow-up (n=2). For final 

analysis, 118 patients remained in the test-and-treat group and 105 patients in the 

endoscopy group.  

The baseline characteristics of these two groups are presented in TABLE 1. 

Differences in Helicobacter pylori status and sex were compared by the Fisher’s 

exact test. Differences in age were studied using an independent samples t-test. All 

tests were two-sided with a level of significance of p<0.05. 
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281 patients consented 
to participate

 
Figure 1. Flow diagram of the SENSE-study patients 
 

 

Costs 

To calculate the healthcare costs used, the total amount of dyspepsia related drugs 

used, the number of dyspepsia related GP visits, the number of diagnostic tests, and 

the number of dyspepsia related referrals to specialists were recorded for each 

patient.  

The unit costs used to calculate treatment costs are presented in the TABLE 

2. The costs for gastrointestinal drugs prescribed were obtained from the 

‘Farmacotherapeutisch Kompas’ [14]. Costs for diagnostic tests and procedures 

were approximated using Dutch tariffs [15,16]. Costs for GP visits and specialist 

visits were taken from Oostenbrink et al. [17]. In the Netherlands the tariffs for a  

specialist visit differ between university hospitals and general hospitals. If 

information about the location of a specialist visit was absent (university- or 

general hospital), the weighted average of both costs was used [17]. All prices are 

expressed in euros and 1999 price levels. 

11 patients excluded 

270 patients randomized

141 assigned to 129 assigned to 
“test-and-treat” prompt endoscopy

118 patients included
in final analysis

Follow-up data not Follow-up data not available in 23 patients available in 24 patients 

105 patients included
in final analysis
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Table 1. Patient characteristics 
 Test-and-Treat 

(n=118) 
Endoscopy 

(n=105) 
p-value 

Mean age (SD) 47.3 (13.8) 44 (12.9) 0.07 
Male 49.2% 45.7% 0.69 
Helicobacter pylori positive 38.1% 39.0% 0.89 

 

 

 

Table 2. Unit costs determined for healthcare resource use [14-17] 
Procedure/Drug Cost (€) Drug Cost (€) 
Diagnostic tests and procedures  Domperidone  
Gastroscopy 322.03   10 mg 0.29 
Sigmoidoscopy  284.12   60 mg suppository 1.40 
Coloscopy 330.12 Famotidine 20 mg 0.46 
Ultrasound of upper abdomen 61.07 Hydrotalcite 500 mg 0.10 
X-ray stomach 95.24 Lansoprazole  
H. pylori serology 33.98   15 mg 0.94 
H.  pylori biopsy-based tests 22.33   30 mg 1.56 
Physician visits  Magnesium hydroxide   
  Specialist 45.60 724 mg chewable tablet 0.04 
  General practitioner 17.00 Metoclopramide  
    10 mg 0.10 
Gastrointestinal drugs    20 mg 0.29 
Al2O3 40 mg/mL or  0.026     10 mg suppository 0.15 
MgOH 20 mg/mL suspension   Omeprazole  
Al-Mg      10 mg 0.97 
    Generic 500 mg tablet 0.05     20 mg 1.62 
    Gaviscon®      40 mg 3.24 
      10 mL suspension 0.20  Pantoprazole  
      500 mg 0.18     20 mg 0.78 
    Maalox® 500 mg 0.15     40 mg 1.55 
Cimetidine   Rabeprazole 10 mg 1.15 
    400 mg 0.42  Ranitidine  
     800 mg 0.82     150 mg 0.49 
Cisapride      300 mg 0.98 
    5 mg 0.21  Sucralfate  
    10 mg 0.42     1000 mg 0.36 
    20 mg 0.84     200 mg/mL suspension 0.72 
    1 mg/mL suspension 0. 50  
Bismuth subcitrate 120 mg 0.44 Helicobacter pylori eradication therapies 
    LAM combination 35.19 
    LAC combination 67.37 

Al2O3 = aluminium oxide; MgOH = magnesium monohydroxide; Al-Mg = aluminium 
hydroxide and magnesium carbonate; L = lansoprazole 30 mg BID; A = amoxicillin 1000 mg 
BID; M = metronidazole 500 mg BID; C = clarithromycin 500 BID. 
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We used a third party payer perspective, with all costs according to official 

declaration prices (excluding value added tax). Over the counter use of antacids 

and histamine-2-receptor antagonists was not taken into account as this use is not 

reimbursed. All prices were expressed in euros and 1999 price levels as this year 

indicates the midpoint of the SENSE-study.  

 Differences in costs were studied using an independent samples t-test. All 

tests were two-sided with a level of significance of p<0.05. 

 

Effects 

As a measure for treatment effect we used quality adjusted life years (QALYs). To 

detect changes in quality of life, the validated Dutch translation of the RAND-36 

questionnaire, filled out by the patients at inclusion and after 12-months follow-up, 

were compared [18]. The RAND-36 questionnaire measures quality of life (QoL) 

in eight categories. These categories are: general health, bodily pain, social 

functioning, emotional well-being, vitality, role limitations due to emotional 

problems, role limitations due to physical health and physical functioning. These 

eight categories are scored on a scale ranging from 0 to 100, where a 100 score 

means perfect health. For the cost-effectiveness analysis the individual scores of 

these eight categories were transformed into one overall score, the Health Utilities 

Index Mark 2 (HUI2) [19-21].  

We assumed that a change in quality of life could be detected by 

comparing the HUI2-score at the beginning and at the end of the study. As we do 

not have any information regarding QoL during the study period, we assumed that 

change in QoL took place halfway during the year. Half the difference between the 

HUI2 scores was therefore considered to reflect the QALYs gained or lost during 

the year of follow up. 
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Cost-effectiveness 

For the comparison of both interventions, we used the incremental cost-

effectiveness ratio (ICER), which is given by 

 

E
C

EE
CCICER

AB

AB

∆
∆

=
−
−

=  

 

Where 

AC = sample estimate of the mean costs in the test-and-treat group 

BC = sample estimate of the mean costs in the endoscopy group 

AE  = sample estimate of the mean QALYs gained in the test-and-treat 

group 

BE  = sample estimate of the mean QALYs gained in the endoscopy group 

 

For estimating the uncertainty of the cost-effectiveness we used parametric 

bootstrap with angular transformation [22].  

 

Parametric bootstrap  

In non-parametric bootstrap methods [23] the uncertainty limits are calculated 

through a large number of simulations, based on sampling with replacement from 

the original data. In the parametric bootstrap method it is assumed that the 

differences in costs and effects follow a bivariate normal distribution [24]. The 

joint probability density function of a bivariate normal distribution is given by 

[25;26]: 
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Where 

∆E  = difference in effect 

∆C = difference in costs 

µ∆E = mean of the difference in effect 

σ∆E = standard deviation of the difference in effect 

µ∆C = mean of the difference in costs 

σ∆C = standard deviation of the difference in costs 

ρ = correlation coefficient of ∆E and ∆C 

 

The parameters µ∆E, σ∆E, µ∆C, σ∆C and ρ in formula 2 were estimated directly from 

the data of the SENSE-study. For example C∆  was used as estimation for µ∆C.. 

Using this function different ∆E and ∆C couples could be estimated. The 

confidence limits were calculated based on 10,000 simulations from the estimated 

bivarate normal distribution.  

In the Netherlands € 20,000 is considered the accepted limit per QALY 

gained [27]. Correspondingly, a savings of € 20,000 may be considered worth the 

loss of one QALY. In the literature, there has been some debate about whether a 

consumer’s willingness to pay a given amount to gain one unit of health is the 

same as the amount that person would be willing to accept for forgoing one unit of 

health; for a more deatailed discussion concerning these issues, we refer to the 

appendix [28]. 
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Results 

TABLE 3 represents the costs and effects for both the test-and-treat and the 

endoscopy group. The total costs were € 60,301 for the test-and-treat group and € 

78,549 for the endoscopy group. Per patient the costs were € 511and € 748 in the 

test-and-treat group and the endoscopy group, respectively (p<0.001). For 

individual costs, only the differences in Helicobacter pylori testing, visits to the GP 

and endoscopy were statistically significant. 

The total number of QALYs gained was 4.38 in the test-and-treat group, 

compared with 3.37 in the prompt endoscopy group. These results correspond to 

0.037 QALYs gained per patient in the test-and-treat group and 0.032 QALYs 

gained per patient in the endoscopy group.  

FIGURE 2 shows the point estimate of the ICER for the test-and-treat group 

compared with the endoscopy group, as well as the 95% uncertainty limits. The 

point estimate suggests cost savings and health gained with the test-and-treat 

approach. All the points to the right of the €20,000/QALY limit represent 

acceptable ICERs for the replacement of prompt endoscopy with the test-and-treat 

strategy.  

In 98.7% of the bootstrap simulations the Helicobacter pylori test-and-treat 

strategy was cost and health saving or saved more than € 20,000 per QALY lost as 

compared with the prompt endoscopy group. Cost savings and health gains were 

reached in 75.7% of the bootstrap simulations. 

 
 
Discussion 

Previous pharmacoeconomic studies addressing the pharmacoeconomics of the 

initial management of dyspepsia were based on models or involved a mixed 

primary/secondary care setting [29-38]. Our study, which was entirely in a primary 

care setting, shows that the prompt endoscopy and the Helicobacter pylori test-

and-treat approach have only slightly different effects on patients’ quality of life.  
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Table 3. Average costs and effects per patient for the test-and-treat group versus 
the endoscopy group  

 Test-and-Treat 
n=118 

Endoscopy 
n=105 

Difference P 

Costs     
GI-drugs € 154.64 € 190.53 € -35.89 0.19 
Visit to specialist € 2.70 € 2.61 € 0.09 0.95 
Visit to GP € 52.15 € 37.56 € 14.59 0.02 
Endoscopy € 106.43 € 346.56 € -240.13 <0.001 
Sigmoidscopy  € 7.22 € 10.82 € -3.60 0.59 
Colonscopy € 8.39 € 0.00 € 8.39 0.08 
Ultrasound of the upper  
abdomen 

€ 8.28 € 5.24 € 3.04 0.24 

X-ray stomach € 137.21 € 132.43 € 4.78 0.68 
Helicobacter pylori testing €33.98 €22.33 € 11.65 <0.001 
Total costs € 511.02 € 748.08 € -237.06 <0.001 
Effects     
QALY 0.037 0.032 0.005 0.49 
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Figure 2. Graphical display of the results of the parametric bootstrap method for incremental 
costs (∆Costs) and incremental health effects (∆Effects), including 95% confidence limits 
(dotted lines) and the point estimate (line) for the ICER. €20.000 per QALY (dashed line) 
reflects the threshold for one program to replace another in the Netherlands. All the points on 
the right side of the €20.000 limit (98.7%) therefore represent acceptable ICERs for the 
replacement of prompt endoscopy with the Helicobacter test-and-treat strategy. Numbering I-IV 
reflects quadrant numbers. 
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The costs in the prompt endoscopy group are higher, however, due to the larger 

number of endoscopies performed in this group. The point estimate of the ICER 

shows that the Helicobacter pylori test-and-treat strategy is both slightly more 

effective in terms of QALYs gained (0.005 QALYs) and was less costly €237). 

The bootstrap simulations indicate that in 75.7% of the simulations the test-and-

treat strategy was cost saving and provided health gains. When including the 

results with negative health gain, an additional 23.0% of the simulations save € 

20,000 or more per QALY lost, with 98.7% of the simulations yielding a 

favourable result for the test-and-treat strategy. The acceptability of using the same 

cut-off point in the plane with negative health gains is still under debate [39,40].  

 The difference in quality of life in this study is small and may fall in the 

measurement error of the method used. The error in the quality of life instrument 

used may be amplified by the use of a conversion of RAND-36 data to HUI2 

estimates. To fully show this inherent uncertainty we used a bootstrap method. In 

the bootstrap replicates the differences in effects are all close to zero, the 

differences in costs however are always in favour of the test-and-treat regime. It is 

possible that in clinical practice the assessed differences in effectiveness are not 

meaningful, in which case the choice for the least expensive approach is warranted. 

Furthermore it may be that patients consider endoscopy unpleasant, which could 

also influence patients’ QoL. We do however not believe that this is an issue, as 

QoL measurements were not made close to the administration of endoscopies. 

This study did not assess adverse events related to either treatment 

regimen. Endoscopies are invasive procedures and can produce the rare but serious 

event of esophagus perforation (occurring in 0.0002% to 0.001% of procedures 

[4]). Drawbacks of eradication therapies are related to the use of antibiotics and 

mainly comprise gastrointestinal complaints, allergic reactions, and development 

of bacterial resistance to the antibiotics used. These side-effects are usually no 

reason to terminate the use of these antibiotics.  
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Unexpected findings such as gastric cancer and Barrett's esophagus may be 

detected during endoscopy, whereas such conditions would not be identified with 

the test-and-treat strategy. During the SENSE study only 1 malignancy was found 

in the test-and-treat group, 3 weeks after inclusion. No problems were identified in 

~60% of SENSE participants, followed by GERD in ~30%. The low incidence of 

gastric cancer and Barrett’s oesophagus is related to the inclusion criteria, which 

comprised suspected malignicies.  

The results of this study suggest that the Helicobacter pylori test-and-treat 

strategy was more cost-effective than prompt endoscopy, based on SENSE data. It 

should be noted that this analysis did not assess the test-and-scope and or acid-

suppressive treatments for dyspepsia. However, a previous analysis reported that 

the test-and-scope strategy did not increase effectiveness but did increase costs 

[12]. Therefore, this strategy would not be attractive for further economic 

evaluation. An economic comparison with acid-suppressive therapy, on the other 

hand, would be interesting. In the present analysis, the cost of endoscopy was the 

most influential variable related to costs per patient. If one were to compare the 

test-and-treat strategy with acid-suppressive therapy, the 2 main cost parameters 

would probably be the costs of acid suppressors (eg, PPIs) and the number of 

endoscopies in both groups. In our analysis of SENSE data, 60% fewer 

endoscopies were performed in the test-and-treat group than the prompt endoscopy 

group, which supports the reduction in endoscopies reported by Lassen et al. [41] 

For acid-suppressive therapy to be less costly, it would have to produce a 

comparable reduction in the number of endoscopies. In 1994, Bytzer et al. [42] 

reported that in a GP setting, acid-suppressive therapy with histamine-2-receptor 

antagonists reduced the need for endoscopy by 34%. Delaney et al. [43] compared 

initial endoscopy with empirical prescribing of PPIs, finding a 60% reduction in 

the number of endoscopies. This is close to the reduction in endoscopies found in 

this study. It remains to be determined, preferably in a primary care setting, 

whether the test-and-treat strategy has a favorable cost-effectiveness profile 
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compared with empiric acid-suppressive therapy. It is likely that results for the two 

interventions would be comparable, given that both significantly reduce the 

number of endoscopies needed 

We used a validated Dutch version of the RAND-36 questionnaire. The 

method we used for transforming the RAND-36 scores to the HUI2 scores by was 

developed Nichol et al. [19] for use with the SF-36 questionnaire. The questions 

used in the RAND-36 and the SF-36 are equivalent. However, for 2 of the 8 

categories, the RAND-36 uses a different scoring algorithm, namely bodily pain 

and general health [44]. Although these differences are present and noteworthy, we 

believe that the transformation of the RAND-36 with the method developed for the 

SF-36 is acceptable. 

Because this trial was not designed as a health economic trial, there are 

some limitations. In health economic research, it is preferable to use questionnaires 

that estimate utilities directly, such as the HUI or the EuroQol-5D measure. 

Because the RAND-36 was used in the present analysis of data from the SENSE 

study, it was necessary to convert these results into a single utility measure. The 

conversion formula and the uncertainties of the RAND-36 may have affected the 

results. However, because the same method was applied to the analyses of both 

treatment regimens, we anticipate that both would have been affected similarly.  

In this economic analysis, only costs and QALYs were considered, but 

symptom management and patient satisfaction are also important. These factors 

were not taken into account in this analysis, however, they were addressed in the 

original SENSE study. In the SENSE study, it was found that there were no 

significant differences in mean symptom-score between the test-and-treat and the 

prompt endoscopy groups. There was also no significant difference in patient-

satisfaction scores between the 2 groups [13]. Therefore, when taking these 2 

factors into account, there is no reason to favor one treatment option over the other 

for reasons of effectiveness. 
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The usefulness of the test-and-treat strategy is dependent on the prevalence 

of PUD and Helicobacter pylori. In the Netherlands, investigators who studied the 

outcome of upper gastrointestinal endoscopies reported that the proportion of 

peptic ulcers found in GP-referred open-access endoscopy decreased from 12.8% 

in 1992 to 4.8% in 2001 [45]. Another study concerning the birth cohort effect of 

Helicobacter pylori infection showed a decrease in incidence among young 

adolescents, falling from 23% in 1978 to 11% in 1993 [46]. A reduction in the 

prevalence of Helicobacter pylori infection and underlying PUD would diminish 

the effectiveness of a test-and-treat strategy. In ethnic groups with higher rates of 

Helicobacter pylori infection, the usefulness of a test-and-treat strategy would be 

sustained over a longer period of time. In the Netherlands, it was found that 

immigrants had a significantly higher prevalence rate compared with the native 

Dutch population (ie, 75% vs 33%) [47]. 

 

 

Conclusion  

This analysis of data from the SENSE study suggests that the Helicobacter pylori 

test-and-treat strategy was more cost-effective than prompt endoscopy in the initial 

management of dyspepsia in general practice, from the perspective of a third-party 

payer.
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Appendix 7 

Introduction 
In recent literature, the concept of the cost-effectiveness plane has attracted much 

attention. The results of any cost-effectiveness analysis can easily be displayed in 

this manner, directly showing the incremental cost-effectiveness ratio (ICER) of 

the new over the old treatment option, with a quick overview of additional costs 

and effects of the new treatment. In addition, it allows a clear graphical 

presentation of the results if the analysis is stochastic, for example, using bootstrap 

methods. The cost-effectiveness plane comprises four quadrants, all with their own 

specific interpretation (FIGURE 1). 

 

 

 

∆E

∆C

 Figure 1. Incremental costs (∆C) and effects (∆E) of a new technology over an old one and the 
maximum acceptable ICER without ‘kink’ (solid line) and with a ‘kink’ (dotted line) 
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Four quadrants of the cost-effectiveness plane 

South-east & north-west quadrant 

ICERs with a negative value are in the south-east (SE) or the north-west (NW) 

quadrant. These two quadrants are relatively easy to interpret. In the SE quadrant 

the new treatment is more effective and saves money compared to the old 

treatment. When this is the case the new treatment dominates the old treatment. In 

the NW quadrant it is the other way around – the new treatment is less effective 

and will also increase cost. Again the decision is relatively easy – the old treatment 

dominates the new treatment, and no added value of adopting the new treatment 

exists. What is also illustrated here is that simply giving the ICER has no meaning 

when it is not clear in which quadrant the ICER falls. Two extreme options are that 

a negative ICER may both be dominating as well as a dominated alternative. 

 

 

North-east & south-west quadrant 

ICERs in the north-east (NE) or the south-west (SW) quadrants are positive. As 

most new treatments are thought to be more effective and more costly, the main 

focus of the literature is on this NE quadrant. The maximum acceptable ICER has 

often been defined for this quadrant. This maximum may differ per country – for 

the US this is US$50,000 per quality adjusted life year (QALY), in the UK this is 

₤30,000 per QALY and in the Netherlands it is €20,000 per life year gained 

(LYG). Given its background in the NE quadrant, the basis of these maximum 

ICERS would ideally be the willingness to pay (WTP) for the gain of one unit of 

health (either a QALY or a LYG).  

In the SW quadrant the new treatment saves money compared with the old, 

however this time at the cost of health; the ICER is positive as in the NE quadrant. 

As previously mentioned the maximum acceptable ICER used in the literature is 

based on WTP and developed for the NE quadrant [1]. Published studies usually 

concern a new method which improves effectiveness, however with recent 

confidence intervals more results end up in a mix of the SE and SW quadrant [2]. 
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In this case, often the threshold representing the maximum acceptable ICER in the 

NE quadrant is symmetrically extended into the SW quadrants and the points 

below that line are considered acceptable irrespective of the quadrant.  Until 

recently, there was no discussion concerning the assumed symmetry of the cost-

effectiveness threshold. The discussion has been started with the article by O’Brien 

and colleagues [3]. In this study it was argued that willingness to accept (WTA) is 

about twice the WTP if related to health. This means that people demand twice the 

amount of money to relinquish one unit of health compared to the amount they 

want to pay to receive one extra unit of health. 

In presenting cost-effectiveness results more and more use is made of cost-

effectiveness acceptability curves [4,5]. We note that introducing the kink in the 

cost-effectiveness threshold will also influence the shape of cost-effectiveness 

acceptability curves when parts of the confidence intervals end up in the SW 

quadrant. In fact, this may give rise to new graphical forms of such curves than 

have been currently investigated [5]. 

 

 

Willingness to pay-willingness to accept disparity 

In their paper, O’Brien and colleagues raised three explanations for the WTP-WTA 

disparity [3]. 

1. Measurement artefact; 

2. Substitute commodities; and 

3. Endowment effect. 

 

The measurement artefact reflects that all contingent valuation studies may 

suffer from measurement bias. In WTA studies this is particularly true as people 

are asked to assume property rights over the commodity being valued, whereas it is 

unlikely they will ever obtain these rights (e.g., over life years). Furthermore, next 

to this possible bias, strategic bias may exist. In this case a respondent may bid up 
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WTA compensation when they are concerned about the true intentions of those 

who are compensating for the loss (distrust).  

Hanemann proposed that the difference in WTA and WTP depends upon 

the availability of substitute commodities [6]. When no substitute commodities 

exist it is difficult, if not impossible to assign a monetary value to the loss of the 

commodity. Health has obviously few (or no) comparable substitute commodities, 

making it difficult to assign a monetary value to a unit of health.  

The endowment effect is based on the original work of Kahneman and 

Tversky on loss aversion and framing effects [7]. This is a psychological theory to 

explain the disparity which assumes that the utility of a loss is greater than the 

utility of an equivalent gain. The theory emphasizes that the point of reference or 

initial endowment is important in relation to the change. In short this means that 

the utility of a health change varies depending on whether you gain or loose health 

units. If the utility value of health units change with a constant monetary value of 

utility, it is implied that the gain of one health unit represents less monetary value 

than the loss of the same unit of health. 

 

 

Societal level 

These issues concerning the disparity of WTP and WTA are all on the individual 

level, whereas pharmacoeconomic research is almost always undertaken from a 

societal point of view. Considering the three issues raised above, it is clear that it is 

almost impossible to derive a valid number for WTA, or WTP for that matter, by 

asking individuals to express societal preferences. Note that the goal of 

pharmacoeconomics is to gain as much health as possible for society as a whole 

with the resources or budget at hand. Then it would be inconsistent to consider two 

different thresholds in the NE and SW quadrant [8].  Such a kink in the threshold 

would result in non-optimal budget allocation in terms of achieved health gains. In 

particular, interventions between solid and dotted lines in the SE quadrant in 
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FIGURE 1 would not be adopted, whereas potentials exist to buy more health for the 

associated savings in the NW quadrant if they would be adopted. 

 

 

Summary and Conclusion 

In summary, there is no discussion about the consequences of ICERs falling in the 

SE and NW quadrants. However, there may be a disparity in the way programmes 

are dealt with in the SW and the NE quadrants. When considering the disparity 

found in WTA and WTP in health studies one might say it is valid to use different 

thresholds in the SW and the NE quadrant. However, it is our opinion that from the 

societal perspective there can be no difference in thresholds between the SW and 

the NE quadrants. In order to maximize the total health gain for society with the 

given budget, the threshold can only be depicted as a line with its pivot point in the 

origin.  

The discussion on disparity can be brought back to an essential aspect in 

pharmacoeconomics (i.e., the choice of the societal vs. the individual or empiric 

viewpoint). This choice has caused discussions in the pharmacoeconomic science 

field as well as others, in particular, the discussions on uniform or deviating 

discount rates for money and health may also be explained by this [9]. As the 

theory and measurement of WTP and WTA is primarily based on individual data 

and pharmacoeconomics is based on a societal viewpoint, further research should 

be aimed to reflect more closely the societal viewpoint in assessments of WTP and 

WTA thresholds for healthcare technologies.  
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Chapter 8 

Abstract 

Introduction: The two most important clinical conditions, which are associated 

with Helicobacter pylori infection, both in numbers and costs are peptic ulcer 

disease and gastric cancer. In 1999 these two conditions were responsible for more 

than 2000 deaths and €94,9 million in the Netherlands In this paper the cost-

effectiveness is calculated of a potential Helicobacter pylori vaccine. Additionally, 

the impact of changing the discount rate for health, as is now suggested for the 

Netherlands, is shown.  

Methods: The birth cohort of 1999 was chosen as the vaccinated population to be 

in line with the cost estimates underlying the analysis. Plausible assumptions of 

doses for a full vaccination and the vaccine price per dose (including 

administration) were made. The percentage of peptic ulcers and gastric cancers 

attributable to Helicobacter pylori infection were estimated using Attributive Risks. 

For peptic ulcer disease and gastric cancer the number of deaths per age group in 

1999 was taken. The corresponding estimation of the total number of life years lost 

was discounted using the current discount rate of 4% and the currently discussed 

discount rate of 1.5%. To calculate life years gained and financial savings a 

vaccine effectiveness at 80% was assumed (base case analysis). In the model 

different distributions for the estimation of uncertainty for the different variabeles 

were used. A second order Monte-Carlo simulation was performed. The 10,000 

sampled cost-effectiveness ratios of the Monte-Carlo simulation were used to 

construct cost-effectiveness acceptability curves. 

Results: In the base case scenario the cost-effectiveness ratio for the 4% discount 

rate is €14,300 compared to €2,600 for the 1.5% discount rate for health. For the 

different scenarios investigated all median cost-effectiveness ratios for the 4% 

discount rate are relevantly below the median cost-effectiveness ratios obtained 

with a 1.5% discount rate for health. 

Conclusion: Using the current prescribed discount rate for health effects the cost-

effectiveness ratio for a potential newly developed Helicobacter pylori vaccine is 
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below the Dutch threshold of €20,000 per life year gained. Introducing a new, 

lower discount rate for health will greatly benefit the cost-effectiveness ratio for 

vaccines as is shown here for the Helicobacter pylori vaccine. This benefit will be 

true for all programs (e.g. screening programs) which have their benefits in the 

future and cost in present time. 
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Introduction 

Prevalence of Helicobacter pylori in the western world has decreased over the last 

decades in following birth cohorts. Also, in the Netherlands the prevalence of 

infection in young adults decreased from 23% in 1978 to 11% in 1993 [1]. The 

overall prevalence of Helicobacter pylori in the Netherlands at that time was 

probably around 30%. In developing nations the prevalence of infection could be 

as high as 80% to 90% [2]. Despite this decrease, Helicobacter pylori is still one of 

the most common bacterial pathogens in humans. 

Infection with Helicobacter pylori is associated with several clinical 

conditions, including gastritis, peptic ulcer disease, gastric cancer, and mucosa-

associated lymphoid tissue (MALT) lymphoma. This association is clearly 

described for gastritis and peptic ulcer disease, in which eradication of 

Helicobacter pylori cured the condition [3]. For gastric cancer and MALT-

lymphoma the association is mainly based on retrospective epidemiologic research 

[4]. However the results of these studies had such strength that the working group 

of the International Agency for Research on Cancer concluded that infection with 

Helicobacter pylori is a definite cause of cancer in humans [2]. 

The two most important clinical conditions in both numbers and costs are 

peptic ulcer disease and gastric cancer. In 1999 these two conditions were 

responsible for more than 2000 deaths and € 94.9 million of direct medical costs in 

the Netherlands [5,6]. As infection with Helicobacter pylori is usually acquired at 

childhood [7] and the exact timeline in pathofysiology of Helicobacter pylori is 

still uncertain, the only sure way of preventing these two conditions attributable to 

Helicobacter pylori would be a preventive vaccine.  

Currently for accepting any program, and thus also vaccination 

programmes, next to effectiveness and safety also the economics are taken into 

account. Before a program is accepted it has to show its value for money in a cost-

effectiveness or cost-utility analysis. In particular, the Dutch Health Council seems 

to accept programs which show a cost-effectiveness ratio below €20,000 per life 
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year gained [8]. One important factor in cost-effectiveness analyses concerning 

vaccines is the discount factor used. Discounting is a technique that reflects 

existing time preference: preferring future costs over current costs and current 

benefits and gains over those in the future. For vaccination programmes, generally 

benefits are gained at a later point in time than the costs are made. For a 

Helicobacter pylori vaccine this is also the case, with the first benefits are expected 

to be gained at least 20 years after vaccination. In the first Dutch guidelines 

concerning pharmacoeconomic research, which were introduced in 1999, a 

discount rate of 4% for money and health outcomes was advocated [9]. In this 

period it was widely accepted that using the same discount rate for health and 

money was the sound choice [10,11]. During recent years this insight has been 

changed and the committee designing Dutch guidelines on pharmacoeconomic 

research is considering a discount rate of 1.5% for health, where the discount rate 

for money stays 4% [12,13]. For the background on these differential discount 

rates we refer to appendix 8.1 at the end of this paper. 

In the development of a Helicobacter pylori vaccine a few issues arise. 

Firstly, Helicobacter pylori infection persists even after a vigorous host immune 

response. A future vaccine must therefore generate a response that is differently 

from natural response. This can be achieved by generating a stronger response or a 

response through other means. Secondly, Helicobacter pylori antigens may induce 

hypersensitivity or autoreactive responses. These two arguments argue against the 

use of attenuated vaccines or crude whole-cell preparations [14]. Furthermore, 

Helicobacter pylori strains differ markedly. Vaccines under development must 

therefore focus on antigen(s) which are highly conserved and expressed in vivo. 

Urease and cytotoxin are two of the potential candidates investigated. The urease-

based prophylactic vaccine is currently the most likely candidate for a prophylactic 

vaccine [14]. 

In this paper the cost-effectiveness is calculated of a potential Helicobacter 

pylori vaccine with respect to preventing peptic ulcer disease and gastric cancer. 
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Furthermore, as indicated above, the impact of using a lower discount rate for 

health is shown.  

 

 

Data & Methods 

Model 

A Markov model [15] with a time frame of 85 years was constructed with 

“TreeAge Data ProTM 2005 for healthcare”. In FIGURE 1 the Markov model is 

shown. There are 4 stages in the model of which 3 are absorbing states. For each 

Markov cycle the transition probabilities were estimated. Each Markov cycle has a 

length of 5 years. Half cycle correction was applied.  

 Transition probabilities were derived from stomach cancer deaths, peptic 

ulcer deaths and all deaths in 1999 divided by the total number of persons in the 

population for each age group [5]. These yearly probabilities were used to derive 

the 5 year probabilities for each Markov cycle. All probabilities used are shown in 

TABLE 1. In the model these probabilities were adjusted using the attributive risks 

(ARs) and vaccine efficacy. 

For vaccination costs we used the birth cohort of 1999 as the vaccinated 

population. The birth cohort of 1999 was chosen as the costs used in this analysis 

were also reported for 1999. In TABLE 2 all model inputs used are given. The birth 

cohort of 1999 consisted of 200,445 children. For simplicity, it was assumed that 

all children were vaccinated (100% coverage). This maybe justified by the fact that 

the vaccination coverage in the Netherlands is high, for the national vaccination 

programme this is approximately 95%. The vaccine is assumed to consist of 3 

doses given in the first year of life, with an estimated cost of €50 (additional 

scenarios for €30, €40, €60, €70) per dose [16]. The ARs for peptic ulcer and 

gastric cancer were 70% (95% CI; 62-77) and 60% (95% CI; 47-71) respectively. 

These ARs were used together with the expected efficacy of the vaccine, at 80% 

(range; 50-100), to estimate the expected percentage of preventable cases of peptic  
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Figure 1. Markov model used. a, b and c reflect Markov cycle specific transition probabilities. 
States indicated with * are absorbing states. 
 

Table 1. Transition probabilities for each Markov cycle 
Markov Age Peptic ulcer death Gastric cancer death Other death 
Cycle  Male Female Male Female Male Female 

1 0-4 0.000000 0.000000 0.000000 0.000000 0.006946 0.006022 
2 5-9 0.000000 0.000000 0.000000 0.000000 0.000787 0.000566 
3 10-14 0.000000 0.000000 0.000000 0.000000 0.000869 0.000736 
4 15-19 0.000000 0.000000 0.000000 0.000000 0.002233 0.001074 
5 20-24 0.000010 0.000000 0.000000 0.000000 0.003269 0.001381 
6 25-29 0.000000 0.000000 0.000000 0.000000 0.003274 0.001587 
7 30-34 0.000007 0.000008 0.000030 0.000016 0.003651 0.002294 
8 35-39 0.000008 0.000008 0.000061 0.000039 0.005323 0.003926 
9 40-44 0.000008 0.000008 0.000124 0.000093 0.008504 0.006669 

10 45-49 0.000017 0.000018 0.000278 0.000161 0.013477 0.010575 
11 50-54 0.000062 0.000009 0.000414 0.000201 0.022936 0.016344 
12 55-59 0.000095 0.000024 0.000798 0.000379 0.038222 0.023761 
13 60-64 0.000100 0.000070 0.001384 0.000459 0.064871 0.036304 
14 65-69 0.000265 0.000177 0.002318 0.000840 0.115271 0.058290 
15 70-74 0.000459 0.000275 0.003797 0.001261 0.193243 0.099029 
16 75-79 0.000970 0.000464 0.005590 0.002320 0.340903 0.177606 
17 80-84 0.000151 0.00121 0.007020 0.003121 0.559119 0.325701 

 

Ulcer  
Death*

 
Alive

Other  
Death* 

Cancer 
Death*

1-(a+b+c) 

b ca
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Table 2. Input variables used in model 
ase Distribution  Input variable Base c

Birth cohort    
Male 102,896 - [5] 
Female 97,549 - [5] 
Vaccine inputs    
Efficacy % (ran
Doses per course

ge) 80 (5 triangula  0-100) r [16]
 3

€5
 - [14,16] 

Cost per dose* 0 - [14,16] 
Helicobacter pylori risks   
AR Ulcer (range) 70 (62 Implicitly define-77) d [Appendix 8.2, 17] 
AR Carcinoma (range) 60 (47-71) Implicitly defined [Appendix 8.2, 17] 
*Additional to the base case scenario, nar o

lcer disease and gastric cancer. These preventable cases were used to estimate 

accination and Costs 

n as the vaccinated population as vaccination for 

 we 

me 

ave  

ted as 

 gastric 

different sce ios for the cost per d se (at €30, €40, €60 
and €70) were evaluated 
 

 

 

u

costs and life years lost through Helicobacter pylori infection. 

 

V

A birth cohort was chose

Helicobacter pylori is assumed to be best done in infants; in particular here

assume vaccination is done in the first year of life [14,16]. Furthermore we assu

that vaccination in children will provide a lifelong protection for Helicobacter 

pylori associated illness, because infection in adults is low and a vaccine may h

a lifelong effect. Plausable assumptions for the number of doses for a full 

vaccination and the vaccine price were made. These costs were not discoun

they were made on t=0. Costs associated with gastric cancer en peptic ulcer in 

1999 were divided by the total number of deaths in that year. The costs per 

diseased patient were used to estimate costs associated with peptic ulcer and

cancer in the 1999 birth cohort. Future costs averted were estimated using the 

number of gastric cancers and peptic ulcers attributable to Helicobacter pylori. 

These direct healthcare costs were discounted using a 4% discount rate. 
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Life Years Gained (LYG) 

In the model the number of life years lived by the 1999 birth cohort was estimated 

for the scenario without Helicobacter pylori vaccination and for the one with 

Helicobacter pylori vaccination. In the latter case the transition probabilities of 

death due to gastric cancer and peptic ulcer were decreased through the ARs and  

vaccination effectiveness. The transition probabilities of death due to other causes 

were equal both cases. The difference in total number of live years lived between 

these scenario’s was considered to be the total number of LYG by Helicobacter 

pylori vaccination. This implies that the transition probabilities of death due to 

gastric cancer or peptic ulcer are decreased; the transition probabilities for other 

causes of death are not. 

This estimation of the total number of LYG compared to no vaccination 

was discounted using the current discount rate of 4% [9] and the currently 

discussed discount rate of 1.5% [12,13]. 

  

Statistical methods 

In the model different distributions for the approximation of uncertainty for the 

different variabels were used. In TABLE 2 the variables and distributions used are 

presented. For the number of doses only one number is taken as this is the most 

likely number of doses that will be used. As no information on effectiveness is 

available, the estimates given by manufacturers as reported by Rupnow et al. [16] 

were used, distributed according to the triangular distribution. For cost per dose we 

performed different scenario analyses. The distribution for the ARs is implicitly 

defined as for the natural logarithm of the RR (LnRR), which was used to construct 

the ARs, the normal distribution may be assumed to apply [18]. 

A second order Monte-Carlo simulation was performed to take the 

uncertainty into account associated with the parameters used in the model [19]. 

The 10,000 sampled cost-effectiveness ratios of the Monte-Carlo simulation were 

used to construct a cost-effectiveness acceptability curve [20,21]. 
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Results 

In TABLE 3 the total number of LYG and the total costs are presented as well as the 

incremental cost-effectiveness ratio for both the 4% discount rate as for the 1.5

discount rate in the base case scenario. In the base case scenario the cost-

effectiveness ratio for the 4% discount rate is €14,300/LYG compared to 

% 

 In 

 

n 

,000 threshold which is currently used in the Netherlands. 

 of 0.5 

0.5) is mostly used by decision makers. 

owever when a more stringent criterium is choosen, a probability of 0.95 can be 

the values given it can be seen that the acceptable thresholds 

 

 

t 

Discuss

, 

 currently used 

€2,600/LYG for the 1.5% discount rate. 

In FIGURE 2 the cost-effectiveness acceptability curves for the 

Helicobacter pylori vaccine using a 4% discount rate for health effects is shown.

FIGURE 3 this is done with a 1.5% discount rate for health effects. It can be seen

that in FIGURE 2, 4 of the 5 vaccine price scenarios have a probability of more tha

0.5 to stay under the €20

In FIGURE 2 all vaccine price scenarios have a probability of 1 to to stay 

under the €20,000 threshold. In TABLE 4 the thresholds for the probabilities

and 0.95 are given. The median value (p=

H

applied. Considering 

of the 1.5% discount rate are consistantly lower than the acceptable thresholds of

the 4% discount rate variant. At a discount rate of 1.5% for health all cost per dose

scenarios are acceptable. However with the currently used threshold in the 

Netherlands of €20,000, one of the median values of the 4% discount rate varian

would not be accepted. For the probability of 0.95 two out of five vaccine price 

scenarios would not be accepted with the current threshold of €20,000 if health is 

discounted at 4%. 

 

 
ion 

It was found, using the current Dutch guidelines on pharmacoeconomic research

that in the base case scenario the cost-effectiveness ratio of a Helicobacter pylori 

vaccine is €14,300/LYG. This cost-effectiveness ratio is below the
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Table 3. Base case incremental cost-effectiveness ratio for a preventive 

-ratio 

Helicobacter pylori vaccine presented for a  4% discount rate and a 1.5% discount 

rate for effects compared to doing nothing 
Discount 

rate 
Total 
LYG 

Vaccination cost 
(million €) 

Total costs prevented 
(million €) 

CE
(€/LYG) 

4% 1,489 30.07 8.83 14,300 
1.5% 8,112 30.07 8.83 2,600 

 
 
 
Table 4. Median cost-effectiveness ratio and cost-effectiveness ratio for 95% 
probability of acceptance. Presented for the different cost/dose scenarios and 
discount rates used. 

 Median CE ratio p=0.5 (€/LYG) Threshold value for p=0.95 (€/LYG) 
Cost/dose 4% 1.5% 4% 1.5% 

€30 6,300 1,200 9,200 1,500 
€40 10,400 1,900 13,000 2,500 
€50 14,400 2,700 17,900 3,200 
€60 18,600 3,400 23,000 4,200 
€70 22,800 4,200 27,400 4,900 
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Figure 1. Cost-effectiveness acceptability curve for the five different cost/dose 
scenarios using a 4% discount rate for costs and health effects: probability of 
favourable cost-effectiveness for a given threshold for net costs per LYG (λ)
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reshold of €20,000 in the Netherlands. Increasing the vaccine price in different 

cenarios, the median cost-effectiveness ratio comes closer to the €20,000 treshold, 

and in the last vaccine price scenario it is over the €20,000 threshold. If the 0.95 p-

value is taken as the decisive cut off, the vaccine price should be between €50 en 

€60 to yield a cost-effective result. The cost-effectiveness ratios for the 1.5% 

discount rate for health are all below the €20,000 for p=0.5 and p=0.95. In the 

United States, a cost-effectivenes study concerning Helicobacter pylori vaccination 

has already been done. In the study by Rupnow et al. [16] it was concluded that 

Helicobacter pylori vaccination is cost-effective for development in the United 

States. In this study a discount rate of 5% was used, in the sensitivity analysis they 

varied the discount rate from 2-10% and estimated cost saving per infant mortality 

equivalence prevented. This more positive result compared to the results found in 

igu . Cre 2 fective ability e five st/dose
 4% dis or cos

 a give  for net YG (λ

 

th

s

this study depend probably on the inclusion of diminished quality of life due to 
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Helicobacter pylori associated illness instead of death through peptic ulcer disease 

and gastric cancer alone.  

There can be criticism on the model used to estimate the cost-effectiveness 

ratio of Helicobacter pylori vaccination. The natural decline in Helicobacter pylori 

prevalence of Dutch native inhabitants [1] and the decline in death rate by peptic 

ulcer and stomach cancer [5] were not taken into account. For immigrants in the 

Netherlands a higher prevalence of Helicobacter pylori infection is shown [22], 

which can be a possible subgroup in which the current figures used may be 

applicable for a longer period of time. Furthermore the estimated effectiveness and 

vaccine price used are important factors for cost-effectiveness. As no vaccine is 

ew Helicobacter pylori vaccine. Also the use of the attributable risk can lead to an 

ptimistic estimate of the cost-effectiveness. This issue is discussed in appendix 

 

 into 

 

of 

the different vaccine price scenarios are consistently much higher than the cost-

currently available these figures can be only crude estimates. However a new 

vaccine with effectiveness less than 50% will probably not be marketed and a 

accine price of €70 per dose is probably a maximum estimate for the price of a v

n

o

8.2. In this appendix it is shown that although there might be concern of 

overestimation of the role of Helicobacter pylori in peptic ulcer disease and gastric 

cancer, there are also arguments which might lead to an underestimation of the 

effect of a Helicobacter pylori vaccine. These arguments include other diseases in

which Helicobacter pylori infection has a part. And only life years were taken

account, whereas gastric cancer and peptic ulcer disease also influence quality of

life. A pharmacoeconomic study with incorporating of the influence on quality of 

life of Helicobacter pylori infection will likely yield greater benefits for a 

Helicobacter pylori vaccine. 

It is clear that preventive programmes benefit from a lowering in discount 

rate as is advocated by some authors [13,23-26]. In this study concerning a 

Helicobacter pylori vaccine this beneficial effect of a change in discount rate is 

clearly shown. When using a 4% discount rate all of thecost-effectiveness ratios 
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effectiveness ratios when using a 1.5% discount rate for health. In case of a 

Helicobacter pylori vaccine this relevant beneficial effect of a lower discount rate 

for heal

 

alth 

th was expected as most of the health benefits are gained after a long period 

of time. In general, prevention programmes might become more increasingly 

introduced when the discount rate for health effects will be lowered compared to 

the discount rate for monetary effects. 

 

 

Conclusion 

Using the current prescribed discount rate for health effects the cost-effectiveness

ratio for a potential newly developed Helicobacter pylori vaccine is below the 

Dutch threshold of €20,000/LYG. Introducing a new, lower discount rate for he

will greatly benefit the cost-effectiveness ratio for vaccines as is shown here for the 

Helicobacter pylori vaccine. This benefit will be seen for all programs (e.g. 

screening programs) which have their benefits in the future and cost in present 

time. 

 142 



Cost-effectiveness of a potential Helicobacter pylori vaccine 

References 

 

1. Roosendaal R, Kuipers EJ, Buitenwerf J, van Uffelen C, Meuwissen SG, 
van Kamp GJ et al. Helicobacter pylori and the birth cohort effect: 
evidence of a continuous decrease of infection rates in childhood. 
American Journal of Gastroenterology 1997; 92(9):1480-1482 

 
2. IARC Working Group on the Evaluation of carcinogenic Risks to Humans. 

Infections with Helicobacter pylori. In: Schistosomes, Liver Flukes and 
Helicobacter pylori. Lyon: IARC, 1994: 177-240 

 
A, Delaney B, Forman D, Moayyedi P. Eradication therapy for peptic 3. Ford 

ulcer disease in Helicobacter pylori positive patients. Cochrane Database 
of Systematic Reviews 2004; 18(4):CD003840 

 
4. Danesh J. Helicobacter pylori infection and gastric cancer: systematic 

review of the epidemiological studies. Alimentary Pharmacology & 
Therapeutics 1999; 13:851-856 

 
5. Statistics Netherlands. 

http://statline.cbs.nl/StatWeb/start.asp?lp=Search/Search (accessed July

 

 
2005)  

6. Polder JJ, Takken J, Meerding WJ, Kommer GJ, Stokx LJ. Cost of illness 
in the Netherlands. RIVM rapport nr. 270751005. Bilthoven: Rijksinstituut 
voor Volksgezondheid en Milieu, Erasmus MC, Instituut Maatschappelijke 
Gezondheidszorg, Bohn Stafleu Van Loghum, 2002 

 
7. Malaty HM, Nyren O. Epidemiology of Helicobacter pylori infection. 

Helicobacter 2003; 8 (Suppl. 1): 8-12 
 
8. Welte R, van den Dobbelsteen G, Bos JM, de Melker H, van Alphen L, 

Spanjaard L, Rumke HC, Postma MJ. Economic evaluation of 
meningococcal serogroup C conjugate vaccination programmes in The 
Netherlands and its impact on decision-making. Vaccine 2004; 23(4):470-
479. 

 
9. Riteco JA, De Heij LJM, van Luijn JCF, Wolff I. Guidelines for 

pharmacoeconomic research. Amstelveen. College voor 
Zorgverzekeringen 1999 

 

 143



Chapter 8 

10. EB Keeler, S Cretin. Discounting of life-saving and other non-monetary 
effects. Management Science 1983; 29(3):300-306 

  
7; 

 
2. Personal communication with Dr. MJ Postma, member committee on 

 
13. , Postma MJ. Towards a 

healthier discount procedure. Expert Review of Pharmacoeconomics & 

 
14. ionmaking. Kathleen R. 

Stratton, Jane S. Durch, and Robert S. Lawrence, Editors. Committee to 
n 

ss 

 
 n introduction to Markov models for economic 

 
6. Rupnow MFT, Owens DK, Shachter R, Parsonett J. Helicobacter pylori 

 
17. derschat. 

Infectieziekten Bulletin juni 2003; 14(6):201-202 
 

18. ndslagen der epidemiologie). 6 ed. 
Elsevier/Bunge: Maarssen 1999 

 
19. . 

 
20. out BA, Al MJ, Gordon GS, Rutten FF. Costs, effects and C/E-ratios 

alongside a clinical trial. Health Economis 1994; 3(5):309-19  
 

21. eptability curves--
tly asked questions. Health Economics 2004; 

13(5):405-15 
 

 
11. Weinstein MC, Stason WB. Foundations of cost-effectiveness analysis for

health and medical practices. New England Journal of Medicine. 197
296(13):716-21  

1
updating the pharmacoeconomic guidelines 

Klok RM, Brouwer WBF, Annemans LA, Bos JM

Outcomes Research 2005; 5(1):59-63 

Vaccines for the 21st Century: A Tool for Decis

Study Priorities for Vaccine Development. Division of Health Promotio
and Disease Prevention Institute of Medicine. National Academy Pre
Washington, D.C. 2000  

15. Briggs A, Sculpher M. A
evaluation. Pharmacoeconomics 1998; 13(4): 397-409 

1
vaccine development and use: A cost-effectiveness analysis using the 
Institute of Medicine methodology. Helicobacter 1999; 4(4):272-280 

Klok RM, Postma MJ. Kosten van infectieziekten on

Basics of epidemiology (In Dutch; Gro

Briggs AH. Handling Uncertainty in Cost-Effectiveness Models
Pharmacoeconomics 2000; 17(5):479-500 

van H

Fenwick E, O'Brien BJ, Briggs A. Cost-effectiveness acc
facts, fallacies and frequen

 144 



Cost-effectiveness of a potential Helicobacter pylori vaccine 

22. Loffeld RJ. Helicobacter pylori and reflux esophagitis in Turkish patients
living in the Zaanstreek region in the Netherlands. D

 
igestive Diseases and 

Sciences 2003; 48(9):1846-9 
 

23.  
s Analysis. Health Economics 2001; 10:587-599 

 
al 

t effectiveness analyses. 
British Medical Journal 2005;331(7514):446-448 

 
25. 

t controversies. 
Pharmacoeconomics 2005; 23(7):639-49 

 
26. 

 

; 22(18):1171-9 

Gravelle H, Smith D. Discounting for Health Effects in Cost-Benefit and
Cost-Effectivenes

24. Brouwer WB, Niessen LW, Postma MJ, Rutten FF. Need for differenti
discounting of costs and health effects in cos

Bos JM, Postma MJ, Annemans LA. Discounting health effects in 
pharmacoeconomic evaluations: curren

Bos JM, Beutels P, Annemans LA, Postma MJ. Valuing prevention 
through economic evaluation: some considerations regarding the choice of
discount model for health effects with focus on infectious diseases. 
Pharmacoeconomics 2004

 

 145



 



 

APPENDIX 8.1 

 

 

Towards a healthier discount procedure 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Published as: 
Klok RM, Brouwer WBF, Annemans LA, Bos JM, Postma MJ. Towards a healthier 
discount procedure. Expert Review of Pharmacoeconomics & Outcomes Research 
2005;5(1):59-63



Appendix 8.1 

Abstract 
Most national guidelines for pharmacoeconomic research prescribe discounting, 

ostly of money and health against the same rate. Theoretically there is much 

bate on whether this is adequate. Two theoretical arguments, the consistency 

gument of Weinstein and Stason and the paralyzing paradox of Keeler and 

Cretin, are mostly responsible for current standards. However, more recently 

h practically and theoretically. In terms of finding 

oney and, in 

 important suggestion arguing that the 

on the expected growth in life expectancy 

inishing marginal utility related to such additional health. Similarly, 

mith argue that if the value of health is assumed to grow over time, 

y be applied to effects, but 

be adjusted downwards. 

The recent theoretical literature in this area indicates that it would be 

 a societal perspective to choose discount rates for health that are 

ose for money. Our suggestion is to allow a lower discount rate for 

oney and change guidelines accordingly if appropriate. 

m

de

ar

several authors have indicated that the basis to claim the necessity of using similar 

discount rates is rather weak, bot

a new theoretical basis on which to base discount rates for m

particular, health, Van Hout has made an

discount rate for health should be based 

and the dim

Gravelle and S

discount rates that are used for costs cannot directl

should 

appropriate from

lower than th

health than for m
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Introduction 

 

f 

r of 

ed 

ains 

ific discount rate to use in calculus should reflect 

the soci  to 

ime 

preference. Time preference is a complex composite of ‘pure’ time preference 

(impatience and uncertainty about the future) and decreasing marginal utilities of 

different utility arguments over time (such as income, health, etcetera). This 

decreasing marginal utility assumes a growth of the different utility arguments over 

time [2]. With, for example, two drugs compared, in mathematical terms 

discounting is as follows: 

 

ICER = Σ (∆Ct/(1+rm)t) / Σ (∆Et/(1+rh)t) 

 

Guidelines for pharmacoeconomic research exist for a number of years now in an

increasing number of countries. These guidelines have the obvious advantage o

increasing the comparability and transferability of studies, and have greatly 

increased the relevance of pharmacoeconomics for policy making. In a numbe

countries, these guidelines for pharmacoeconomic research have been introduc

in the 1990s, and these guidelines will soon be (or are already in the process of 

being) updated. This is also the case for the Netherlands, where guidelines for 

pharmacoeconomic research were introduced in 1999. One of the most 

prominently debated issues in these guidelines is on the symmetric discounting of 

health and money. 

As in regular economics, future costs, benefits and health gains are 

discounted in pharmacoeconomic research. This technique reflects existing time 

preference, preferring future costs over current costs and current benefits and g

over those in the future. The spec

etal time preference [1]. This rate generally is assumed to range from 2

7% annually, indicating that €x now equals between € x * (1.02) and x * (1.07) 

next year. 

Basically, discounting is applied to correct for different types of t
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With ICER representing the incremental cost-effectiveness ratio, t the 

, 

, and we 

 

s that it would be appropriate from a societal perspective to 

choose 

 

for this purpose. 

 

or 

ey was 

es on the real rates of return on investment and 

econom  growth by the Ministry of Finance. A same rate for health was also 

hat time.  

However, despite a broad practical consensus and standard practice (both 

reflected in current guidelines) to discount both costs and health effects with an 

time, ∆Ct the difference in costs and benefits in year t, ∆Et the difference in health 

effects, rm the discount rate for money and rh the discount rate for health. As such

the ICER is the ratio of the net present values of downstream monetary 

consequences and health effects. 

The current country specific guidelines for pharmacoeconomic research, 

(except the guideline that was applied for some time in the UK) is to discount 

health and money at the same rate. It is increasingly becoming clear that these 

current standards for discounting are not based on plausible assumptions

appear to be in the phase of finding new standards. The recent theoretical literature

in this area indicate

discount rates for health that are lower than those for money. This 

discrepancy between current guidelines and recent theoretical literature is the 

primary reason for the current debate. In this short review, the use of a lower 

discount rate for health will be advocated and an overview of the main issues wil 

be provided. Also, it will be shown how to derive country specific differential 

discount rates for health and money using one particular framework specifically

developed 

Guidelines 

Most national guidelines for pharmacoeconomic research indeed prescribe 

discounting, mostly of money and health against the same rate, or rm = rh [2]. F

example, also the Dutch guideline has up to now prescribed a similar rate for 

money and health, in this case 4% [3]. The exact rate for discounting mon

derived in 1995 from figur

ic

adopted as this was standard practice at t
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equal ra es 

underpin 

 basically argues that programs with an equal 

cost-eff  

. 

ates that 

 

ays 

-

However, more recently several authors have indicated that the basis to 

essity of using similar discount rates is rather weak, both practically 

 may 

 

nt rates 

n 

ased on the expected growth in 

life exp

r 

te, there is much debate on theoretical grounds whether current guidelin

are adequate. Looking at the foundation of this standard practice, it appears that 

two theoretical arguments, the consistency argument of Weinstein and Stason [4] 

and the paralyzing paradox of Keeler and Cretin [5], are mostly cited to 

current standards. The first theory

ectiveness ratio at different points in time should receive equal priority and

this can only be achieved by using the same discount rates for costs and effects

The crucial assumption underlying the reasoning of Weinstein and Stason is that 

“life years are valued the same in relation to dollars in the present as in the future”, 

the value of health is not assumed to grow over time. However this assumption is 

highly questionable [6-8].  

The paralyzing paradox, as formulated by Keeler and Cretin, indic

if health gains are discounted at a lower rate than money the cost-effectiveness

ratio of a health-care intervention with investment prior to health gains will alw

improve by delaying the implementation as delay lowers the nominator of the cost

effectiveness ratio more than the denominator. In fact, theoretically this would 

result in the endless postponing of health interventions (thus paralyzing decision 

making). 

claim the nec

(endless delay is not an option in real life) and theoretically (value of health

grow over time). Moreover, there are ethical problems with using high discount 

rates for future health, especially in the context of intergenerational equity and

preventive pharmaceuticals (i.e., inclusive vaccines) for newborns [9]. 

In terms of finding a new theoretical basis on which to base discou

for money and in particular health, Van Hout has made an important suggestio

arguing that the discount rate for health should be b

ectancy and the diminishing marginal utility related to such additional 

health [7]. The resulting discount rate for health can obviously differ from that fo
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money. Similarly, Gravelle and Smith argue that if the value of health is assumed 

to grow over time, discount rates that are used for money cannot directly be 

applied to effects as expressed in QALYs or life-years gained, but should be 

adjusted downwards [6]. These matters are discussed below using the approaches 

suggested by van Hout, and Gravelle and Smith explicitly as the basis [6,7]. 

 

General Mathematical Formulations 

The discount rate for money, rm is implicitly defined by the amount of money in 

the next period of time (1+ rm) which society requires to compensate for the loss of 

one unit of current money. For health the same holds true; rh is implicitly defined 

as the number of future health units (1+ rh) society requires to compensate for the 

loss of o

 

 

itive mathematics, with the discount rate of money and health conceived 

as the c

 

ne current health unit. To make decisions about investments which change 

future health requires an explicit (as in cost-benefit analysis) or an implicit (as in

cost-effectiveness analysis) valuation of health in terms of amount of money in that 

period which is required to compensate for a unit reduction in health. Growth in 

the value of health is the reason for any difference between the discount rate for

money and the discount rate for health. This relationship can be formalized by 

simple add

omposite of pure time preference and diminishing marginal utility due to 

growth in health and income [6].  The discount rates for money and health, and the 

valuation of health can now be formulated as follows:  

 

rm = ρ + εm * gm  (1) 

 

rh = ρ + εh * gh  (2) 

 

and 
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vh = rm - rh = (ρ + εm * gm) – (ρ + εh * gh) = εm * gm - εh * gh  (3) 

 

Typically, here ρ reflects the pure time preference; the ε’s reflect elasticities o

marginal utility of money and health, respectively; and the g’s the growth in mone

and health. Note that generally the societal perspective is advocated in econo

f the 

y 

mic 

evaluations [9]. This means that the discount rates should be formulated from this 

 should be concerned with societal pure 

igure 1. Illustration of utility (U) as a function of income (I). For utility (U) as a 
nction of health (L) a similar graphical illustration can be presented. 

perspective so that equations (1) and (2)

time preference (whereas it is normally assumed to reflect individual impatience 

and the uncertainty about the future, for example risk of death) [10]. Pure time 

preference may then reflect the uncertainty about the bare existence of a future 

society at societal level, which may be of a different magnitude than pure time 

preference at an individual level. Also, the elasticities and the growth rates should 

relate to social welfare and societal growth rates for income and health.  

 

 

I

U

F
fu
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FIGURE  1 illustrates the decreasing marginal utility of income (U : with rising 

ational income the utility of the individual extra € decreases and at any point I=I, 

 

The εm may be estimated to be constant over a limited frame for I 

vailable estimates range from 0.8 to 1.5 [11-13]).  

’’<0)

n

U’(I) reflects this marginal utility value. The elasticity εm typically transforms the 

growth in income to the corresponding change in marginal utility. When U is 

reflecting utility (as a function of I or L); I reflects national income; L reflects life

expectancy (in terms of life years); and U’ is the first derivative of U to I (U’>0),  

we could estimate ε’s and g’s as follows:  

 

εm = - dU’/U’ / dI/I (4)

εh = - dU /U  / dL/L (5) 

g

’ ’

m = dI/I  (6) 

gh = dL/L  (7) 

 

(a

With increasing life expectancy a similar reasoning as money may hold for 

εh, transforming this growth in life expectancy to the corresponding change in 

marginal utility. As the growth in life expectancy is relatively small (only few 

promille per year; i.g., 3‰ for life expectancy at birth in the Netherlands during 

recent years [14]) it can be expected that the change in the value of health in 

equation 3 is positive 

 

vh = εm * gm –εh * gh >0  (8) 

 

 and equation (2) to potentially grossly reduce to 

 

rh = ρ  (9) 
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With the only available (but perhaps not truly societal) estimates for ρ ranging 

from 1-1.5% [6]. Typically, therefore equations (1) and (2) would indicate an rh at 

1-1.5% and an rm at rh with grossly a function of the economic growth added to it 

(usually this value for economic growth lies somewhere between 1.5% and 3%

many western economies, although in case of a stagnating economy this value may

even be negative). 

 

 for 

 

mplications 

 ch s over time, this may not be properly reflected in a 

aly ith similar discount rates for health and money. 

in a cost-benefit analysis, changes in the value in health can be 

ated by adapting the benefit measure directly, in a cost-effectiveness 

nalysis, correcting the discount rate for health seems the adequate approach. In the 

latter ca same 

ever, with a correction for the 

changin

d to income and utility of health is constant in time 

 health and income are related, potentially causing vh to equal gm (in other 

he value attached to health is equal to the growth of 

welfare).   

nd (3): 

ρ gm) – (εm * gm - εh * gh)  (10) 

I

If the value in health ange

cost-effectiveness an sis w

Whereas, 

accommod

a

se you can use the equations above. Implicitly, this means that the 

discount rate for health as for money is adopted, how

g value that is attached to health [7], which recognizes that the elasticities 

and growth rates of health and money may differ [6].  

In order to give an indication of the range in which the appropriate 

discount rate for health effects might be expected to lie, Gravelle and Smith use 

two separate cases:  

• health is not relate

•

words, the growth in t

Both cases may be elaborated using formula (2) a

 

rh = rm - vh = ( + εm * 
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In the first case εh equals zero (as the value/utility of health does not 

change) and the only reason to discount future health effects is pure time 

preference related to future utility: rh = ρ (reproducing equation 9). In the second 

case, where vh possibly equals to gm the equation can be rewritten as rh = ρ + (εm-

1)*gm. Both cases are obviously leading to rh < rm.  

As an illustration for the UK, Gravelle and Smith have estimated ρ at 1-

.5%, εm at 1-2%, gm at 2-2.5% and thus εm*gm at 2-5% and rm at 3-6.5% [6]. As a 

h (rh = ρ) follows 1% and as a maximum 4%. One appealing feature 

box 

nt standards for discounting 

are not is area 

lth that are lower than those for money. This contradicts 

t the 

hea n for 

mon ge guidelines accordingly if appropriate. For example, using the 

nds, discount rates of 4% 

r money and 1.5% for health were estimated in the Dutch context. 

ave mith is 

articularly appealing in its logical approach, research should continue the efforts 

to elucidate all aspects that are relevant to the time preference of health effects. 

1

minimum for r

of Gravelle and Smith their approach is that extrapolation to other countries is 

relatively straightforward using plausible assumptions and local data (see the 

for the application of the method using Dutch data). 

 

 

Conclusion  

This brief review summarizes recent developments in the theoretical thinking on 

discounting money and health in pharmacoeconomic research. With these new 

insights it is becoming increasingly clear that the curre

based on plausible assumptions. The recent theoretical literature in th

indicates that it would be appropriate from a societal perspective to choose 

discount rates for hea

current country-specific guidelines for pharmacoeconomic research, excep

guideline that was applied for some time in the UK (6% for money, 1.5% for 

lth). The authors’ suggestion is to allow a lower discount rate for health tha

ey and chan

method developed by Gravelle and Smith for the Netherla

fo

However, while the method developed by Gr lle and S

p
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For instance, pure societal time preference is a concept that is extrem

Box: 

 of income was needed. To 

es

. 

ing this would be a 

reasonable proxy for the Dutch situation. 

• For the elasticity of the marginal utility of income different estimates have 

de. These estimates range from 0.8 [11] to 1.5 [12,13] for the UK. 

 

Illustration for the Netherlands 

 

• The method described by Gravelle and Smith was applied [6]. For the 

calcualtions Dutch information regarding the growth of income, time 

preference and elasticity of the marginal utility

timate the growth of income in the Netherlands the authors used the 

numbers of Statistics Netherlands (Centraal Bureau voor de Statistiek, The 

Hague). The average economic growth (growth of the gross national 

product) for the Netherlands in the years 1998-2002 was estimated at 2.6%

For the estimate of time preference, the authors used the usual range 

mentioned in the literature of 1-1.5% [6], assum

been ma

It was assumed that there are no marked differences for the two countries 

and the authors used these UK estimates for the Netherlands. 

• Using these figures the discount rate for money in the Netherlands was 

estimated between 3.1% and 5.4%, whereas the discount rate for health was 

estimated between 0.5% and 2.3%. These calculations imply that the 

discount rate for money currently used in pharmacoeconomic research in

the Netherlands could remain at 4%, whereas the discount rate for health 

should be lowered to approximately 1.5%. 

ely difficult to 

measure ons made 

 

e 

 and might even be a purely academic concept. Yet, the assumpti

for this parameter greatly influence the discount rate. In time, research will provide

further insight in the appropriate ways to measure time preference and to redefin
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th e, pending appropriate updating of national 

guidelines, the authors suggest analysts to perform extensive analyses including 

dif s to 

gain a ve for 

differ  

pharm

health  

gener

raised

disco ould well 

be all earch will gain further insight in 

the

proce

 

e discount procedure. In the meantim

ferent discount rates for health and money. The authors urge policy maker

 thorough understanding of the effects of discounting and to be recepti

ential discount rates. In this way, we can both fulfil the descriptive value of

acoeconomics for policy making, make more appropriate choices in 

care resource allocations and provide a healthier future for us and our future

ations. 

Thus, to conclude we can state that the theoretical issues that have been 

 over the last few years show that the current standard of applying equal 

unt rates can be considered inappropriate and lower rates for health c

owed and should be advocated. In time, res

 appropriate ways to measure time preference and to redefine the discounting 

dure.  
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Appendix 8.2 

Introduction 
Gastric malignancies such as gastric cancer and peptic ulcer disease have a 

gnificant pharmacoeconomical impact on the Dutch healthcare budget [1]. The 

stric bacterium Helicobacter pylori is believed to be an important aetiological 

ctor in the development of these diseases. Since its discovery by Warren and 

Marshall there has been much debate on the role of Helicobacter pylori in gastric 

ic during 

elicobacter 

 diseases such 

mucosa- associated lymphoid tissue lymphoma (MALT-

mphoma), duodenal ulcer and gastric ulcer has since then been recognised [4]. In 

ontrolling peptic ulcer disease, eradication of Helicobacter pylori has proven to be 

ost-effective compared to maintenance therapy with acid suppressing drugs [5]. In 

arly MALT-lymphoma, eradication of Helicobacter pylori can lead to complete 

istological regression [6,7]. The role of Helicobacter pylori in dyspepsia and 

astroesophageal reflux disease remains controversial, although recently some 

onsensus has been reached and European guidelines have been published [8]. In 

cent years a preventive Helicobacter pylori vaccine is under development. This 

evelopment may reduce the prevalence of Helicobacter pylori infection and thus 

ield significant pharmacoeconomic benefits [9]. In this study the economic 

urden of Helicobacter pylori infection in the Netherlands is estimated using the 

ttributable risk of Helicobacter pylori for peptic ulcer disease and gastric cancer.  

ethods 

tudy design 

he objective of this study was to estimate the economic burden of Helicobacter 

etherlands. For this estimation we investigated gastric 

r pylori infection. Although it is also accepted 

si

ga

fa

diseases [2]. In 1994 Helicobacter pylori was mentioned to be carcinogen

the National Institute of Health-conference concerning the role of H

pylori in peptic ulcer disease [3]. The role of Helicobacter pylori in

as gastritis, gastric cancer, 

ly

c

c

e

h

g

c

re

d

y

b

a

 

M

S

T

pylori infection in the N

cancer and peptic ulcer disease, as of these diseases there is evidence that they are 

(in part) attributable to Helicobacte
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that MALT-lymphoma is (in part) attributable to Helicobacter pylori infection, the 

se this 

ptic 

osts of Illness in the Netherlands’ [1]. In this report all healthcare costs for 1999 

cted.  

 

 

 

impact of Helicobacter pylori on MALT-lymphoma is not considered becau

is a relatively rare disease. For gastritis no information on direct costs was 

available, for this reason the costs attributed to Helicobacter pylori in gastritits 

were not taken into account. 

The attributable risk score was used to estimate which part of gastric 

cancers and peptic ulcers can be attributed to Helicobacter pylori infection. The 

attributable risk is derived from relative risk (RR) scores using the formula. 

 

AR = (RR-1)/RR 

 

Where 

AR = Attributive risk 

RR = Relative risk 

 

The RR scores were derived from meta-analyses in literature. For peptic ulcer 

disease the RR was derived form the paper of Kurata et al. [10] for gastric cancer 

the RR was taken form the paper by Danesh [11]. The calculated AR was then 

multiplied by the total annual direct medical costs for gastric cancers and peptic 

ulcer disease to derive the total direct medical costs for gastric cancers and pe

ulcer disease attributable to Helicobacter pylori infection. The total annual direct 

medical costs for gastric cancer and peptic ulcer disease were taken from the report 

‘C

were colle

 

Results 

For gastic ulcers the total costs in the Netherlands in 1999 were € 61.6 million.

Helicobacter pylori infection was estimated to be responsible for 70% (62-77%) of

the total number of gastric ulcers. These 70% of ulcers attributable to Helicobacter

 163



Appendix 8.2 

pylori infection amounts to € 43.1 (38.0-47.8) million (TABLE 1). For gastric 

cancer the total costs in the Netherlands in 1999 were € 32.9 million. In gastric 

cancers, Helicobacter pylori infection was estimated to be responsible for 6

(47-71) of the cases, which amounts to a total cost of €19.7 (15.6-23.2) million 

(TABLE 1). The total amount o

0% 

f costs related to Helicobacter pylori infection in 

gastric u . 

able 1. Total cost of peptic ulcers and gastric carcinoma’s attributable to 
 infection 

l costs in 
the 

Netherlands* 

RR** 
(95%CI) 

AR*** 
(95%CI) 

Costs attributable to 
Helicobacter pylori 

infection 

lcers and gastric cancers add up to a total of € 62.8 (53.6-71.0) million
 

 

T
Helicobacter pylori
Disease Tota

Ulcers € 61.8 3.3  
(2.6-4.4) 

70  
(62-77) 

€ 43.1 (38.0-47.8) 

Carcinoma € 32.9 2.5  
(1.9-3.4) 

60  
(47-71) 

€ 19.7 (15.6-23.2) 

Totaal    62.8 (53.6-71.0) 
*
re

Costs are in millions and taken from the report cost of illness in the Netherlands [1], ** RR = 
lative risk and 95%CI = 95% confidence interval, both can be found in the original studies 

t 

, 

 

able 2. Distribution of costs over different sectors 
 Hospital 

care 
General 

practitioner 
Drug 
costs 

Nursing 
(home) care 

Other Total 

[10,11], ***AR = attributive risk, which represents the percentage of cases attributable to 
Helicobacter pylori infection 
 

 

In TABLE 2 the distribution of costs over different healthcare sections is shown. I

can be seen that costs for cacinoma’s are primarily in a hospital care setting (81%)

whereas the costs for ulcers are generated in hospital care (39%), drug costs (38%)

and also in (nursing)home care (17%). (TABLE 2) 

 

 

T

Ulcers 24.2 0.9 23.4 10.4 3.0 61.8* 
Carcinoma 26.6 0.4 1.2 3.1 1.7 32.9* 
Total 50.8 1.3 24.6 13.5 4.7  

*The total costs may differ from the sum of the different sector costs due to rounding of sector 
costs 
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Discussion 

In our study we have estimated that the economical burden of Helicobacter pylo

infection is € 62.8 million. This estimation of total costs caused by the 

complications of Helicobacter pylori infection in the Netherlands is probably an

underestimation.  

First, only cost attributable to Helicobacter pylori infection in peptic ulce

ri 

 

r 

isease and gastric cancer is taken into account. Helicobacter pylori is also known 

 play a role in the aetiology of gastritis and MALT-lymphoma. Furthermore 

tion [  dyspep nts are

high number o ctitio  and utillization of gastrointestinal drugs 

], the total costs for Helicobacter pylori infection in the Netherlands will 

e highe

Secondly, only direct medical costs are t to acco tion 

, 

 lost 

mphoma and gastric cancers. 

We do note that further uncertainties in the method used exists. At the time 

st. This may lead to an 

nderestimation in RRs found and also to an underestimation of total costs. Next to 

ese arguments which argue that there might even be a larger underestimation, 

earch 

the effects of eradicating r p t yo er 

e Heli ter pylo  sufficient in preventing peptic ulcer diseas

 

nce points towards a beneficial effect. The real life effect can 

d

to

recently it is shown that some patients with dyspepsia also benefit from 

acter pHelicob ylori eradica

f general pra

12]. As

ner visits

tic patie  responsible for a 

[13-16

probably b r. 

ak  inen unt. Hospitalisa

through peptic ulcers leads to days lost of work, and correspondingly indirect costs

attributable to Helicobacter pylori infection. This holds also true for workdays

ue to gastritis, dyspepsia, MALT-lyd

gastric malignicies are diagnosed testing for Helicobacter pylori maybe negative, 

also when the patient was Helicobacter pylori positive for a long period of his life. 

This may be because of antibiotics used, however it is known that gastric 

malignicies itself may cause a negative serology te

u

th

one argument argues for a possible overestimation. As no res

ung age, it is uncertain wheth

is known about 

Helicobacte ylori a

radication cobac ri is e and 

gastric cancer. A gh ther  not be y formal pective rch in this

way, all evide

lthou e has en an  pros resea
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probably only be seen if there is a vaccine available, which is adopted by a large 

 to 

e 

ation of all ARs in gastric ulcers and gastric cancers may add up 

to abov

f 

 

Conclu

erlands these 

direct c

population. 

There is one further methodological issue which probably leads

overestimation of the costs attributable to Helicobacter pylori infection. This is th

fact that the summ

e 100%. It can’t be said to what extent this is a problem in this study. Again 

to be sure to what extent Helicobacter pylori is responsible for costs of illness in 

the Netherlands a direct comparison should be made. 

Furthermore next to these direct medical costs, the eradication o

Helicobacter pylori will also save life years and will improve quality of life. 

Therefore with the prevention of Helicobacter pylori infection there will be 

monetary gains and also benefits in terms of quality of life and life years gained.

 

sion 

The total direct costs of Helicobacter pylori infection in the Netherlands is 

estimated at € 62.8 million for 1999 in the Netherlands. With the prevention of 

Helicobacter pylori infection –for example vaccination- in the Neth

osts and indirect costs, next to beneficial health effects, can be saved.  
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Chapter 9 

In the first part of th

of proton pump inhibitors were investigated. The second part of t

is thesis the clinical and pharmacoeconomic aspects of the use 

his thesis was 

dicated to pharmacoeconomic aspects of Helicobacter pylori eradication. 

Thirdly the pharmacoeconomics of Helicobacter pylori vaccination was discussed. 

the following section.  

 

9.1.1 Proton pump inhibitors 

The first part of this thesis was concerned with the differences in clinical 

effectiveness between the 5 PPIs currently available in the Netherlands. Currently 

there are 5 different PPIs are available in the Netherlands: omeprazole, 

pantoprazole, lansoprazole, rabeprazole, and esomeprazole (the s-isomer of 

omeprazole). This difference in clinical effectiveness is then translated into the 

potential consequences on the use and the costs of the PPIs. Not only are the five 

branded products of importance, but also the newly introduced generic, 

omeprazole, which was launched in April of 2002 following the patent expiry of 

Losec®. 

 

Omeprazole was the first available drug in this class and therefore most of the 

comparisons between the PPIs include omeprazole. There are differences in the 

mechanism of action in terms of specific binding sites on the proton pump for the 

different PPIs. All PPIs bind to the proton pump at the cysteine site 813. In 

addition, pantoprazole also binds on the adjacent cysteine site 822, whereas 

omeprazole binds to cysteine 892. The newer PPIs lansoprazole and rabeprazole 

bind to two additional sites, cysteine 892 and 321 [1]. PPIs bind only to the 

activated proton pumps and should therefore be administered 30-60 minutes before 

a meal for optimal effectiveness [2]. The differences in the pharmacokinetics of the 

various PPIs do not seem to influence the overall clinical effectiveness. Most of the 

PPIs are eliminated renally (70-90%) with the exception of lansoprazole, which is 

predominately excreted through the bile [3].  

de

All 3 parts are discussed separately in 
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The onset of action for all PPIs is between 1-2 hours, in particular, 

lansoprazole 30mg having the most rapid onset of action (1.0 hour), wheras 

pantoprazole 40mg and rabeprazole 20mg are slowest (1.75 hour) [4]. Althou

rabeprazole has the longest time to onset, it reaches the highest 24-h median pH 

(3.4) within the first day. This indicates that rabeprazole reach

gh 

es the maximum 

ffect before the other investigasted PPIs. This strong first-day effect of 

d in the literature [5]. An important factor for 

even 

razole 

 

e 

razole 

 

H>4 [6].  In these studies different dosages of PPIs were used. It is 

nclear how the dosages used affect the results found. Although there is a defined 

 for 

ole, 

e 

ched 

 and the isoenzymatic CYP2C19 

e

rabeprazole has been documente

clinical effectiveness of PPIs is the duration of intragastric pH above 3 or 

better 4. This time is called the “holding time” for PPIs. Generally the longer this 

“holding time” the better. In a study where 5 PPIs were compared: omep

capsule, omeprazole MUPS, pantoprazole, lansoprazole and rabeprazole, the

holding time for the first day dosing was shown. Rabeprazole was superior to th

other PPIs used [4]. However in a recent five-way crossover study where 

omeprazole MUPS, pantoprazole, lansoprazole, rabeprazole and esomep

were compared it was shown that on day 5 esomeprazole had the superior holding

time for p

u

daily dose for all PPIs, it is debatable whether this dosage is the optimal dosage

a maximum effect. 

Another difference can be found in the different enzymes which are 

involved in the metabolism of the different PPIs. For omeprazole, pantopraz

lansoprazole and esomeprazole the most important metabolic pathway is the 

cytochrome P450 2C19 (CYP2C19) enzyme. Fast metabolizers (with highly activ

CYP2C19) will yield lower plasma levels and thus lower efficacy will be rea

in those patients [7,8]. The CYP3A4 pathway, an isoenzyme, is also an important 

pathway in the PPI metabolism. Lansoprazole is mainly metabolised by the 

CYP3A4 isoenzymes [9]. Esomeprazole is metabolised more slowly and more 

predicatively than the R-isomer of omeprazole. Rabeprazole is unique as it is 

metabolised through a non-enzymatic pathway
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and CY ng a 

 

interaction 

 

 on 

t the time 

on 

 pharmacists, government and insurance 

compan ed 

tity 

ely to 

 first 

P3A4 pathways are secondary [10,11]. Genetic testing prior to starti

PPI might be useful in the future to optimize PPI therapy [12]. 

The difference in metabolic pathways also impacts the potential for drug 

interactions. Many medications are metabolised through the CYP450 pathways, 

and the potential for interaction is therefore dependent on the extent in which the

PPI is metabolised via the CYP450 system. Omeprazole has the greatest 

potential, whereas rabeprazole due to its alternative pathway has the least 

interaction potential. 

 

The existence of limited differences between the various PPIs raises the question

whether switching patients from one PPI to another, results in a positive effect

the budget. This question has been addressed in chapter 3 with a 

pharmacoeconomic comparison between omeprazole and pantoprazole. A

of the study, omeprazole was still under patent protection. A total of €40.8 milli

could be saved if 90% of the patients of omeprazole switched to pantoprazole. 

During the study, omeprazole was still under patent protection, the recent 

introduction of generic omeprazole is likely to result in even greater savings.  

 

The current agreement between industry,

ies, generic prices are 40% lower compared to the prices of the brand

products [13]. A potential danger for this cost-savings with the introduction of 

generics is therapeutic substitution, which is the switching of one chemical en

in a given therapeutic class to another (e.g., a switch from omeprazole to 

pantaprazole). Therepeutic substitution is a phenomonen which is not uncommon 

in daily practice. There are many reasons for therapeutic substitution, including an 

advererse reaction to one of the drugs in the therapeutic group, which is unlik

occur with one of the alternatives in that therapeutic class (e.g., reactions to 

adjuvant components in a tablet) or it may result from a lack of effect with the

drug used in that therapeutic class. After the patent expiry of omeprazole more 
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patients switched from omeprazole to another PPI. Many explanations for this 

change in switching behaviour may exist, next to the introduction of generic 

omepra  

t used. 

e reasons for the increase in switching from omeprazole to 

nother PPI is necessary, to possibly prevent an increase of therapeutic 

een 

c) To evaluate the impact of patent expiry of omeprazole on switching 

mparable 

hen 

zole. First of all, there was the introduction of esomeprazole, a new drug in

the class of PPIs. This introduction may cause more people to switch from 

omeprazole. Another possible reason may be the differences in pharmacokinetics 

of the capsules of generic omeprazole [14]. Patients have complained of lack of 

effect of the generic compounds compared to the branded product they firs

Further research on th

a

substitution, after patent expiry, in other therapeutic groups.  

 

9.1.2 Objectives achieved 

In this part of the thesis 3 objectives were investigated: 

a) To evaluate the clinical relevance of the differences between the currently 

available PPIs 

b) To evaluate the pharmacoeconomic implications of switching betw

PPIs 

behaviour and costs 

 

The first objective relates to the clinical impact of the differences in the PPIs 

currently used. In clinical practice the differences mentioned above seem to be of 

limited importance, as most studies, including our own review indicate co

efficacy in clinical trials between the different PPIs. However, for particular 

patients these small differences may have great impact. 

Secondly, the economic impact of switching from omeprazole to 

pantoprazole is investigated. A potential saving of €40.8 million was found w

switching 90% of the patients on omeprazole to pantoprazole. However, with 
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changing prices in branded PPIs and the introduction of generic products this 

figure will constantly change.  

Thirdly, it was found that after patent expiry more patients switch from 

omeprazole to another PPI. This switching has a negative effect on the pote

savings on PPIs with the introduction of generic omeprazole. 

 

 

9.2.1 Helicobacter pylori eradication 

The second part of this thesis comprises the economic aspects surroundi

Helicobacter pylori eradication. The aspects of Helicobacter p

ntial 

ng 

ylori eradication 

ersus acid suppression in peptic ulcer disease were investigated. Also, the use of 

Helicobacter pylori eradication, an important 

bacter pylori eradication 

strategy

practitio tic complaints. Here a so called Helicobacter pylori test-

and

 

In c as 

more co tenance therapy with histamine-2-receptor 

ntagonists (H2RAs). Nowadays, maintenance therapy with acid suppressive drugs 

studies. In modelling 

studies  input 

 

review disputed this assumption and incorporated gastrointestinal drug use after 

v

acid suppressive therapy following 

factor in cost-effectiveness analysis, was studied. Helico

 is also involved in the initial approach of patients consulting their general 

ner with dyspep

-treat approach is compared to a prompt endoscopy approach.  

hapter 5 a literature review revealed that Helicobacter pylori eradication w

st-effective than main

a

will probably comprise of PPIs and not H2Ras, because of their superior 

effectiveness [15,16]. This will positively influence the effectiveness of 

maintenance therapy and thus decrease the difference with eradication therapy in 

terms of effectiveness, it will however increase costs.  

The studies examined chapter 5 were modelling 

the results depend on the assumptions made concerning the various

parameters. One of the assumptions made was that no gastrointestinal drugs were 

used after successful Helicobacter pylori eradication. One of the studies in this
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Helicobacter pylori eradication. In their model they used clinical trial data in 

which gastrointestinal drug use after eradication was seen [17]. There are several 

explana

e 

 increase complaints 

s Helicobacter pylori produces urease which decreases the acidity of the stomach. 

econdly Helicobacter pylori eradication might fail, and peptic ulcer disease is not 

ages found are high [19] and even if 

a 

this debate can 

e made [21-24].  

e. It was 

after 

l drugs 

s, it can be argued that 

eradicat that 

not 

tions for continued gastrointestinal drug use after eradication. Firstly 

Helicobacter pylori infection is not always responsible for the peptic ulcer diseas

[18]. In this case eradication of Helicobacter pylori might even

a

S

resolved. However, eradication percent

eradication fails it is possible to use a second line treatment (e.g., including 

bismuth containing compound) [20]. Furthermore, it is possible that other 

gastrointestinal diseases are present and eradication of Helicobacter pylori will 

resolve the peptic ulcer disease, but not the other disease. There has been much 

debate concerning the role of Helicobacter pylori in gastroesophageal disease. 

Some studies state that Helicobacter pylori has no influence on gastroesophageal 

disease, whereas other state that eradication of Helicobacter pylori will increase 

the risk on gastroesophageal reflux disease. No definite answer on 

b

In chapter 6, pharmacy- and GP-data were used to investigate the use of 

gastrointestinal drugs after Helicobacter pylori eradication in daily practic

found that after Helicobacter pylori eradication there were still patients who used 

gastrointestinal drugs. Overal the use of gastrointestinal drugs decreased 

Helicobacter pylori eradication, the patients who stil used gastrointestina

were, however, more expensive users and predominantly used PPIs. When 

prescription data were used, as is with pharmacy record

ion therapy was prescribed to patients without peptic ulcer disease and 

these patients would therefore not always benefit from Helicobacter pylori. 

Therefore, further research was done using GP data and it was found that the 

indication for which Helicobacter pylori eradication therapy was prescribed did 

influence the outcome. Also, the possiblility excists that no Helicobacter pylori 
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was present. For both studies no data were available on testing of Helicobacter

pylori infection, which probably explains why some patients did not benefit from 

Helicobacter pylori eradication. 

 

The role of Helicobacter pylori eradication in patients presenting with dyspeptic 

symptoms in primary care is also debated. The GP can choose between (1) 

symptom guided empirical treatment, (2) prompt referral for endoscopy and (3) test 

for Helicobacter pylori infection and treat positive patients (test-and-treat) fo

patients with dyspeptic symptoms. In chapter 7 the test-and-treat approach was

compared to the ‘golden standard’ of prompt endoscopy. It was found that,

terms of quality adjusted life years, no significant differences were present betw

the prompt endoscopy approach and the Helicobacter pylori test-and-treat strateg

however, the Helicobacter pylori test-and-treat approach was less costly. This 

indicates that a Helicobacter pylori test-and-treat approach is more cost-effective 

than prompt endoscopy as an initial approach in patients presenting with dyspepti

complaints in general practice. This positive result for Helicobacter pylori 

eradication is depe

 

r 

 

 in 

een 

y; 

c 

ndent on the prevalence of Helicobacter pylori infection. With 

diminis

 

cter 

e 

s to be 

is 

-treat 

 

hing prevalence of Helicobacter pylori [25] the percentage of positive 

patients will decrease, and the number needed to test will increase. In the 

Netherlands however, immigrants from areas with high prevalence of Helicobacter

pylori infection will probably benefit to an even greater extent from a Helicoba

pylori test-and-treat approach [26]. Endoscopy has the advantage of visualizing th

oesophagus, stomach and upper duodenum and allows possible malignancie

identified. Unfortunately, when the Helicobacter pylori test-and-treat approach 

used, the opportunity to exclude malignancies through visual inspection is delayed. 

The discussion remains whether or not a Helicobacter pylori test-and

strategy will be more cost-effective compared to empirical treatment with acid

inhibitors. The number of endoscopies prevented was the most important reason 

for the cost advantage for the Helicobacter pylori test-and-treat approach. The 
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number of endoscopies prevented by empirical treatment with acid inhibitors is 

likely to be comparable. In patients where Helicobacter pylori is responsible for 

this dyspeptic complaints, acid inhibitors will reduce or ameliorate the symptoms, 

ut in long-term the cause is not addressed. The advantage of acid suppressive 

een 

or 

l 

n 

 

manage

 

b

therapy over Helicobacter pylori eradication is the diminished risk of antibiotic 

resistance, which is associated with a reduction in eradication rates. It has b

shown that an increase in resistance impacts the cure rate of PPI-amoxicillin-

clarithromycin and PPI-amoxicillin-metronidazol eradication regimes [27]. 

However, because Helicobacter pylori has been shown to be partly responsible f

peptic ulcers and gastric cancers [28,29], a Helicobacter pylori eradication wil

have an additional positive health effect which was not incorporated in the short 

term analysis. 

 

9.2.2 Objectives achieved 

In this part of the thesis 3 objectives were investigated: 

a) To estimate the cost-effectiveness of Helicobacter pylori eradicatio

therapy compared to acid suppressive therapy in the management of peptic

ulcer disease 

b) To evaluate the effect on gastrointestinal drug costs and use of 

Helicobacter pylori eradication in patients with gastrointestinal problems 

c) To estimate the cost-effectiveness of a Helicobacter pylori test-and-treat 

strategy as the initial management strategy of dyspeptic patients compared 

to a prompt endoscopy approach 

 

Helicobacter pylori eradication was considered to be more cost-effective in the 

ment of peptic ulcer disease compared to acid suppresive therapy. 

However, the comparisons made were with H2RAs. Effectiveness obtained with

the use of PPIs might be higher; however, higher costs are likely to be incured. 
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 In daily practice, Helicobacter pylori eradication leads to less drug use a

their associated costs. Patients still using gastrointestinal drugs were primarily 

using PPIs. No difference was found in outcome, when patients were stratified for 

difference in gastrointestinal problems as documented by the GP. 

 In the management of dyspeptic patients, a Helicobacter pylori test-and-

treat strategy is considered a cost-effective option as the initial management 

strategy, when compared with the prompt endoscopy approach. Further resear

required on the cost-effectiveness of empiric acid suppressive therapy versus

Helicobacter pylori test-and-treat strategy. 

 

 

9.3.1 Helicoba

nd 

ch is 

 the 

cter pylori vaccination 

 chapter 8 a cost-effectiveness analysis of a fictitious Helicobacter pylori vaccine 

ectiveness ratio found when using the currently 

f 4% for health and costs, 

was r life 

year ga

effectiv  potential Helicobacter pylori vaccine would become even 

mor

 

intr c  

data on 

analysis  rate used for health.  

This part also focuses on the impact of introducing a lower discount rate 

tio 

ly used 

s 

discount rate for health. The primary reason for this is that preventive programs 

In

was performed. The cost-eff

prescribed discounting procedure, with a discount rate o

 below the currently advocated threshold in the Netherlands of €20,000 pe

ined [30]. When using a lower discount rate for health, the cost-

eness ratio of a

e attractive. 

Currently no Helicobacter pylori vaccine is available for human use. This 

odu es obvious weaknesses to the model which was used, there are no real life

effectiveness and the costs of a vaccine are unknown. In the sensitivity 

, the biggest influence found was the discount

 

for health effects. Discounting is an important factor for the cost-effectiveness ra

found in preventive programs (e.g. screening and vaccination). The current

discount rates, in which money and health are discounted equally [20], diminishe

the change of acceptance of preventive programs compared to using a lower 
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incur cost immediatly (not discounted) and the beneficial effects occur in the future 

(and thus discounted). Lowering the discount rate will therefore benefit prevent

programms.  

For the determination of the discount rate for health, it is a

ive 

cceptable to use 

e sam

. 

ter 8, showing a more favourable cost-

ffectiveness ratio when using the 1.5% discount rate for health instead of the 

urrently used 4%.  

 guidelines with regard to discounting will 

 

is 

ing 

th e calculation method as used for money. This calculus incorperates the 

growth rate of money, the higher this growth rate, the higher the discount rate

Because the growth rate of money is generally higher than that of health, a lower 

discount rate for health is justified. The impact of a differential discount rate for 

money and health was demonstrated in chap

e

c

A change in pharmacoeconomic

greatly benefit preventive programs and will make decision making more fair 

towards our future generations.  

 

9.3.2 Objectives achieved 

In this part of the thesis 2 objectives were investigated: 

a) To estimate the cost-effectiveness of a potential Helicobacter pylori 

vaccine 

b) To evaluate the impact on cost-effectiveness, of this potential Helicobacter

pylori vaccine, of using different discount rates for health effects 

 

A potential Helicobacter pylori vaccine has a cost-effectiveness ratio which 

below the currently used threshold of €20,000/LYG [20]. This is true when a 4% 

discount rate for health is used, as well when a 1.5% discount rate for health is 

used. 

 The most important factor in the cost-effectiveness of the potential 

Helicobacter pylori vaccine is the discount rate used for health effects. Lower

the discount rate, from 4% to 1.5%, leads to a lowering of the cost-effectiveness 
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range of the difference scenarios. With a 4% discount rate the range is 

approximately €6,600 to €23,000 and with a 1.5% discount rate this is 

approximately €2,600 to €4,300. It is clear that a lower discount rate for health 

effects leads to markedly lower cost-effectiveness ratios in the evaluation of a 

potential Helicobacter pylori vaccine. 

 180 



General discussion 

References 

 

1. Besancon M, Simon A, Sachs G, Shin JM. Sites of reaction of the gastri
H

c 
cal 

2. Der G. An overview of Proton Pump Inhibitors. Gastroenterology Nursing 
2003; 26(5): 182-190 

 
3. Welage LS, Berardi R. Evaluation of omeprazole, lansoprazole, 

pantoprazole and rabeprazole in the treatment of acid-related diseases. 
Journal of the American Pharmaceutical Association 2000; 40(1): 52-62 

 
4. Pantoflickova D, Dorta G, Ravic M, Jornod P, Blum AL. Acid inhibition 

on the first day of dosing: comparison of four proton pump inhibitors. 
Alimentary Pharmacology & Therapeutics 2003; 17(12):1507-1514 

 
5. Gardner JD, Sloan S, Barth JA. Rabeprazole vs. omeprazole: onset, 

duration, and magnitude of gastric antisecretory effects. American Journal 
of Gastroenterology 1999; 94: A2608 (abstract) 

 
6. Miner P Jr, Katz PO, Chen Y, Sostek M. Gastric acid control with 

esomeprazole, lansoprazole, omeprazole, pantoprazole, and rabeprazole: a 
five-way crossover study. American Journal of Gastroenterology 2003; 
98(12):2616-2620 

 
7. Furuta T, Ohashi K, Kamata T, Takashima M, Kosuge K, Kawasaki T, 

Hanai H, Kubota T, Ishizaki T, Kaneko E. Effect of genetic differences in 
omeprazole metabolism on cure rates for Helicobacter pylori infection and 
peptic ulcer. Annals of Internal Medicine 1998; 129(12):1027-1030 

 
8. Tanigawara Y, Aoyama N, Kita T, Shirakawa K, Komada F, Kasuga M, 

Okumura K. CYP2C19 genotype-related efficacy of omeprazole for the 
treatment of infection caused by Helicobacter pylori. Clinical 
Pharmacology and Therapeutics 1999; 66(5):528-534 

 
9. Desta Z, Zhao X, Shin JG, Flockhart DA. Clinical significance of the 

cytochrome P450 2C19 genetic polymorphism. Clinical Pharmacokinetics 
2002; 41(12):913-958 

 

+/K+-ATPase with extracytoplasmic thiol reagents. Journal of Biologi
Chemistry 1997; 272(36):22438-22446 

 

 181



Chapter 9 

10. Robinson M, Horn J. Clinical pharmacology of proton pump inhibitors: 
what the practising physician needs to know. Drugs 2003; 63(24):2739-
2754 

11. 
entary 

Pharmacology & Therapeutics 1999; 13 Suppl 3:27-36 

12. imoto M, Nakamura A, Hishida A, Ishizaki T. 
Influence of CYP2C19 pharmacogenetic polymorphism on proton pump 

s 2005; 

 
3. Tent M. KNMP expects continuation after 2005. Unanimous support for 

ng 

 
  

 
 iche 

e in patients with duodenal ulcer disease. Canadian 
Journal of Gastroenterology 1999 ;13(10):806-813 

16. 

Pharmacology and Therapeutics 1999; 13(6):827-832 

17. 
ance 

: a randomised 
controlled trial in patients with continuing pain after duodenal ulcer. 

 
18. irardi LS. Has the Impact of Helicobacter pylori 

Therapy on Ulcer Recurrence in the United States Been Overstated? A 
Meta-Analysis of Rigorously Designed Trials. American Journal of 
Gastroenterology 1998; 93(9):1409-1415 

 
Ishizaki T, Horai Y.Review article: cytochrome P450 and the metabolism 
of proton pump inhibitors--emphasis on rabeprazole. Alim

 
Furuta T, Shirai N, Sug

inhibitor-based therapies. Drug Metabolism and Pharmacokinetic
20(3):153-167 

1
prolongation and expansion convenant. (In Dutch: KNMP verwacht 
voortzetting ook na 2005. Unanieme steun voor verlenging en uitbreidi
convenant). Pharmaceutisch Weekblad 2004; 139(43): 1404 

14. Tahmassian R, Zee PH van der. De patiënt had toch gelijk. Generiek
omeprazol heeft andere afgifte dan specialité. Pharmaceutisch Weekblad 
2005; 140(26/27):877-878 

15. Lauritsen K, Rutgersson K, Bolling E, Brunner G, Eriksson S, Galm
JP, Walan A, Archambault AP, Gudjonsson H, Bailey RJ, Porro GB, 
Frison L, Havu N, Thompson AB. Omeprazole and ranitidine in the 
prevention of relaps

 
Bardhan KD, Crowe J, Thompson RP, Trewby PN, Keeling PN, Weir D, 
Crouch SL. Lansoprazole is superior to ranitidine as maintenance 
treatment for the prevention of duodenal ulcer relapse. Alimentory 

 
Tavakoli M, Prach AT, Malek M, Hopwood D, Senior BW, Murray FE. 
Decision analysis of histamine H2-receptor antagonist mainten
therapy versus Helicobacter pylori eradication therapy

Pharmacoeconomics. 1999; 16(4):355-365 

Laine L, Hopkins RJ, G

 182 



General discussion 

 
Houben MHMG, van de Beek D, Hensen EF, de Craen AJM, van ‘t Hof
BWM

19. f 
, Tytgat GNJ. Helicobacter pylori Eradciation Therapy in The 

Netherlands. Scandinavian Journal of Gastroenterology 1999; supplement 

 
20. jn 

pharmacoeconomisch onderzoek. College voor Zorgverzekeringen: 

 
21. 

acter pylori infection in patients with duodenal ulcer may 
provoke reflux esophagitis. Gastroenterology 1997; 112:1442-1447 

22. flux 

 

esophageal reflux disease. Archives of Surgery 
1999; 134:722-726 

24. 
tics 

 
5. Roosendaal R, Kuipers EJ, Buitenwerf J, van Uffelen C, Meuwissen SG, 

 
6. Loffeld RJ. Helicobacter pylori and reflux esophagitis in Turkish patients 

 

 
27. at 

lori eradication therapy--the 
impact of antimicrobial resistance on eradication rates. Alimentary 

 

230:17-22 

Riteco JA, de Heij LJM, van Luijn JCF, Wolff I. Richtli

Amstelveen 1999 

Labenz J, Blum AL, Bayerdörffer E, Meining A, Stolte M, Borsch G. 
Curing Helicob

 
Labenz J, Malfertheiner P. Helicobacter pylori in gastroesophageal re
disease: causal agent, independent or protective factor? Gut 1997; 41:277-
280 

23. Oberg S, Peters JH, Nigro JJ, Theisen J, Hagen JA, DeMeester SR, 
Bremner CG, DeMeester TR. Helicobacter pylori is not associated with 
the manifestations of gastro

 
Vakil NB. Review article: gastroesophageal reflux disease and 
Helicobacter pylori infection. Alimentary Pharmacology & Therapeu
2002; 16 (Suppl. 1):47-51 

2
van Kamp GJ et al. Helicobacter pylori and the birth cohort effect: 
evidence of a continuous decrease of infection rates in childhood. 
American Journal of Gastroenterology 1997; 92(9):1480-1482 

2
living in the Zaanstreek region in the Netherlands. Digestive Diseases and
Science 2003; 48(9):1846-1849 

Houben MH, van de Beek D, Hensen EF, Craen AJ, Rauws EA, Tytg
GN. A systematic review of Helicobacter py

Pharmacology & Therapeutics 1999; 13(8):1047-1055 

 183



Chapter 9 

28. Kurata JH, Nogawa AN. Meta-analysis of Risk Factors for Peptic Ulcer: 

 
29. elicobacter pylori infection and gastric cancer: systematic 

review of the epidemiological studies. Alimentary Pharmacology & 

 
30.  JE, Leufkens HG, Busschbach JJ, Broekmans AW, 

Rutten FF. Differences in attitudes, knowledge and use of economic 

 
 

Nonsteroidal Antiinflammatory Drugs, Helicobacter pylori and Smoking. 
Journal of Clinical Gastroenterology 1997; 24(1): 2-17 

Danesh J. H

Therapeutics 1999; 13:851-856 

Zwart-van Rijkdom

evaluations in decision-making in The Netherlands. The Dutch results 
from the EUROMET Project. Pharmacoeconomics 2000; 18(2):149-160 

 184 



 

Summary 

and 

General conclusions 



 

In this thesis the pharmacoeconomics aspects of upper gastrointestinal problems 

were investigated. The comparability of proton pump inhibitors (PPIs) was 

discussed as well as switching patterns after the ending of the patent protection of 

omeprazole, the first drug marketed in this class. In addition, the 

pharmacoeconomics of the eradication of Helicobacter pylori were investigated. 

For example, the cost-effectiveness of Helicobacter pylori eradication was 

compared to maintenance therapy with an acid inhibitor. Also, the 

pharmacoeconomics of a so called Helicobacter pylori test-and-treat approach in 

dyspeptic patients were compared to a prompt endoscopy approach. Thirdly the 

cost-effectiveness of a potential Helicobacter pylori vaccine was adressed. This 

last part also investigated the impact of using different discount rates for health. 

 

 

Proton pump inhibitors 

The use of health resources for upper stinal drugs is high. The use of 

gastrointestinal drugs accounted for ap atient drug 

expenditures, totally € or these drug 

expenditures were the PPIs, which accounted for €263,4 million (89%). 

 

Controlling the drug expenditures from gastrointestinal drugs therefore starts with 

controlling the expenditures relating to the use of the PPIs. As is shown in this 

thesis in chapter 2, it is very likely that the different PPIs do not have clinically 

important differences on population level. The question remains whether the 

currently described defined daily dose (DDD) for the different PPIs is the correct 

DDD. As is shown in chapter 3, for omeprazole it was not uncommon that patients’ 

prescribed daily dose (PDD) was higher than de DDD for omeprazole. For 

pantoprazole this was not the case. For an estimation of potential cost savings by 

using the least expensive PPI it is prudent to investigate what the actual used daily 

gastrointe

proximately 7% of the outp

295,4 million in 2004. The main driver f
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dose is for each PPI. This, because the eventual cost savings of a switch in PPI us

depends on the dose used of the different PPIs.  

 

The clinical interchangebility of PPIs currently available in the Ne

discussed in chapter 2. In this chapter it is shown that, although pharmacokinetic 

differences between the PPIs excist, in clinical practice these differences are of 

limited importance for the general population. In most studies, no d

overall efficacy exist between the different PPIs. Although for the majority of the 

patients there is no reason to prefer one PPI over the other, there are differences 

between PPIs which may be of importance for specific patients. Although generic 

omeprazol products did show bio-equivalence in their registration studies, it is 

e, 

therlands is 

ifferences in 

portant to clarify the clinical impact of the difference in pharmaco-kinetics of 

eneric omeprazole formulations. 

ic 

sis 

istamine-2-receptorantagonist (H2RA) in controlling peptic ulcer disease. In most 

 in 

In 

assumption one prescription database with pharmacy records and one prescription 

im

g

 

Helicobacter pylori eradication 

Helicobacter pylori is associated with the development and recurrence of pept

ulcer disease as well as the development of gastric cancer. This part of the the

investigated Helicobacter pylori eradication versus maintenance therapy with a 

h

studies it was shown that Helicobacter pylori eradication is the most cost-effective 

approach in controlling peptic ulcer disease. However, in one of the studies used

this review, maintenance therapy was shown to be the more cost-effective 

approach over a 5 year period. The studies comparing Helicobacter pylori 

eradication to H2RA maintenance therapy used models to predict cost-

effectiveness. In most models used, it was assumed that after successful 

Helicobacter pylori eradication no further gastrointestinal drugs were used. 

unsuccessful eradication it was assumed that gastrointestinal drug use was 

comparable to the drug use in the maintenance therapy group. To investigate this 
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database with general practitioner (GP) records was investigated. In the first 

database more patients could be identified, but no indication for Helicobacter 

ylori eradication was recorded. The second database was smaller, but the 

r 

d 

 

ter pylori eradication is necessary, particular as 

elicobacter pylori is a factor that has been shown to be important in gastric 

f 

ness 

ess is 

 difference 

ificant, as 

t 

p

indication was known. In these two studies it was shown that after Helicobacte

pylori eradication the majority of the patients stop using gastrointestinal drugs. 

However, some patiens continue to use gastrointestinal drugs. The majority of 

these patients used PPIs after eradication. Also it was demonstrated that patients 

who continue to use gastrointestinal drugs after Helicobacter pylori eradication ha

higher average drug costs as compared to before eradication. These findings 

indicate that the pharmacoeconomic evaluations used in the review probably over-

estimated the favourable cost-effectiveness profile of Helicobacter pylori 

eradication. However, it is clear that in proven peptic ulcer disease and a positive

Helicobacter pylori test, Helicobac

H

cancer. 

 

In the Western world the prevalence of dyspeptic complaints is high, and is one o

the most seen complaints by GPs. GPs have different treatment options or 

approaches when a patient presents with dyspeptic complaints. In this thesis the 

health economic comparison of two of these approaches was discussed. The two 

strategies investigated were a Helicobacter pylori test-and-treat strategy and a 

prompt endoscopy strategy. For both approaches, the difference in effective

measured in terms of quality adjusted life years is small. As zero effectiven

incorporated in the 95% confidence interval, it is demonstrated that the

for clinical practice is not present. However, the difference in cost is sign

all bootstrap replicates show less costs for the Helicobacter pylori test-and-trea

approach.  

Both approaches have their own advantage not shown in this study. Prompt 

endoscopy has the advantage of a direct image of the stomach and oesophagus and 
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would therefore help in the early discovery of serious illness of the stomach a

oesophagus, such as Barrett’s disease and gastric carcinomas. In the current 

investigation there was no indication that this would be a real advantage in 

practice as no malignicies were found in the prompt endoscopy group. The 

Helicobacter pylori test-and-treat approach has the advantage of eradication of 

Helicobacter pylori, which plays an important role in the etiology of peptic ulce

disease and gastric cancers. Hence, by eradicating Helicobacter pylori, the risk of

developing those diseases will be diminished. This Study shows that the 

Helicobacter pylori test-and-treat approach should be favoured over the prom

endoscopy method. 

 

 

Helicobacter pylori vaccination 

Helicobacter pylori plays a role in the etiology of peptic ulcer disease and gas

cancer. D

nd 

clinical 

r 

 

pt 

tric 

evelopment of a preventive vaccine against Helicobacter pylori would be 

 significant step forward in preventing peptic ulcers and gastric cancers. In 

nd the 

s 

from expert opinion. Secondly, it is known that Helicobacter pylori is 

involve

a

chapter 8, the cost-effectiveness of such a vaccine was estimated. The base-case 

estimates for the 4% discount rate (current pharmacoeconomic guideline) a

1.5% discount rate (as is currently discussed) for health were €14,300 per life year 

gained and €2,600 per life year gained, respectively. If a vaccine against 

Helicobacter pylori is developed it is likely to be cost-effective according to the 

current Dutch economic guidelines. If the discount rate of 1.5% is used, which is 

currently under debate, the cost-effectiveness ratio becomes more attractive.  

In estimating the cost-effectiveness of a vaccine against Helicobacter 

pylori there are several limitations. Firstly and most importantly, there is no 

vaccine available and therefore factors such as the vaccine costs and effectivenes

are derived 

d in the etiology of gastric cancer and peptic ulcer disease and the impact of 
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Helicobacter pylori eradication in infants on these conditions has not been 

investigated. 

 

Discounting is an important factor in evaluating the cost-effectiveness of 

preventive programmes such as vaccines. Discounting is a technique in which th

future benefits and costs are valued less than current benefits and costs. The main 

drivers of discounting are economic growth and uncertainty. This uncertainty 

(uncertainty about existence and/or new treatment options) is described b

time preference. In the current pharmacoeconomic guidelines (1999) it was 

advocated to use a di

e 

y people’s 

scount rate of 4% for money and 4% for health. This 4% was 

erived of the real rate of return in monetary investments. It is obvious that this 4% 

 developed for money and not for health. Currently there is a discussion on the 

 discount rate for health as for money. The 

ring 

d

is

appropriateness of using the same

appendix of chapter 8 shows why an equal discount rate for money and health is 

not appropriate and reasons are given why the discount rate for health should be 

changed from 4% to 1.5% in the Netherlands. In chapter 8 the impact of lowe

the discount rate is shown. It is clear that with the lower discount rate the cost-

effectiveness ratio of Helicobacter pylori vaccine is greatly improved. This 

improvement in cost-effectiveness ratios for preventive programmes might impact 

the acceptance of (new) preventive programmes in the community.  
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Main observations from this thesis 

This thesis shows that, although small differences exist, clinical differences in 

ffectiveness between proton pump inhibitors are of limited importance. This 

ly on the 

s is 

i 

th 

ess 

rs, this 

trategy may eventually also be more effective in terms of life years gained.  

 In controlling Helicobacter pylori infection and the serious illness it 

auses, development of a Helicobacter pylori vaccine is still considered a valuable 

asset. With the current available information such a vaccine is considered cost-

effective. When using a lower discount rate for health as is currently discussed, the 

cost-effectiveness ratio for a preventive vaccine greatly improves. 

 

e

observation would make it possible to choose a proton pump inhibitor sole

basis of the costs of daily doses used. However, the clinical effectiveness of 

generic omeprazole may be lower, as after patent expiry more people switch from 

omeprazole to another proton pump inhibitor. Whether the increase in switche

due to a difference in clinical effectiveness or due to some other reason needs to be 

clarified. 

 

In the treatment of peptic ulcer disease it is more cost-effective than H2RA 

maintenance therapy. However, it must be said that Helicobacter pylori eradication 

does not totally halt the use of gastrointestinal drugs. After Helicobacter pylor

eradication some patients continue using gastrointestinal drugs and especially 

proton pump inhibitors. This observation is true for all indications identified in 

chapter 6.  

A Helicobacter pylori test-and-treat approach in patients presenting wi

first signs of dyspepsia at the GP is less costly and has comparable effectiven

compared to a prompt endoscopy approach. As Helicobacter pylori eradication is 

also favourable in terms of preventing peptic ulcers and gastric cance

s

 

c
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Samenvatting 

en 

Algemene conclusies 



 

In dit proefschrift worden de farmacoeconomische aspecten van problemen in het 

bovenste deel van het gastrointestinale tract besproken. De uitwisselbaarheid van 

proton pomp remmers (PPRs) wordt besproken net als switch patronen na het 

aflopen van het patent van omeprazol, de eerste PPR op de Nederlandse markt. 

Tevens worden de farmacoeconomische aspecten van Helicobacter pylori 

eradicatie getoond. Zo wordt bijvoorbeeld, de kosteneffectiviteit van Helicobacter 

pylori eradicatie vergeleken met onderhoudstherapie met behulp van een 

zuurremmer. Daarnaast worden ook de farmacoeconomische aspecten van een 

zogenaamde Helicobacter pylori test-en-behandel strategie in patiënten met 

dyspepsie vergeleken met een strategie waarbij direct een endoscopie wordt 

gedaan. Vervolgens wordt de kosteneffectiviteit van een nog te ontwikkelen 

Helicobacter pylori vaccin besproken. In dit laatste deel wordt het effect van het 

gebruiken van verschillende

behandeld. 

 

 

Proton pomp remme

Het aandeel van middelen voor problemen in het bovenste deel van het 

gastrointestinale tract in de totale kosten van de gezondheidszorg zijn hoog. In 

2004 was het gebruik van maagmiddelen verantwoordelijk voor ongeveer 7% van 

de extramurale geneesmiddeluitgaven, wat neer komt op een totaal bedrag van 

€295.4 miljoen. De groep waaraan het meeste werd uitgegeven binnen de groep 

maagmiddelen waren de PPRs, in 2004 waren ze verantwoordelijk voor een bedrag 

van €263.4 miljoen (89%). 

 

Het beheersen van de uitgaven aan maagmiddelen begint dus met het beheersen 

van de uitgaven aan PPRs. Zoals is aangetoond in hoofdstuk 2 van dit proefschrift 

is het zeer waarschijnlijk dat de verschillende PPRs geen klinische relevantie 

verschillen hebben op populatieniveau. De vraag blijft in deze of de huidige 

 disconteringswaarden voor gezondheid ook 

rs 
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gedefinieerde dagdosis ook overeenkomt met de werkelijke gebruikte dagdosis in 

de praktijk. Zoals is aangetoond in hoofdstuk 3 was het voor patiënten die 

omeprazol gebruiken niet vreemd dat de werkelijk gebruikte dagdosis hoger w

dan de gedefinieerde dagdosis. Voor pantoprazol is dit niet aangetoond. Voor ee

schatting van de potentiële besparingen die kunnen worden bereikt door he

gebruik van de goedkoopste PPR is het belangrijk om te achterhalen wat effectieve 

dagdosis is voor elke PPR. Dit is belangrijk, omdat de kosten per gedefini

dagdosis zowel lager als hoger kunnen zijn dan de kosten van de werkelijk 

gebruikte dagdosis in de populatie. 

 

Zoals eerder vermeld is in hoofdstuk 2 de klinische vergelijkbaarheid van de 

toe in Nederland beschikbare PPRs besproken. In dit hoofdstuk wordt getoond da

ondanks dat er verschillen bestaan tussen de verschillende PPRs, deze in d

klinische pra

as 

n 

t 

eerde 

tot nu 

t 

e 

ktijk waarschijnlijk een beperkte invloed hebben op populatieniveau. 

ndanks dat er voor de meerderheid van de patiënten geen reden is om 1 PPR te 

erkiezen boven de andere zijn er voor specifieke patiënten wel verschillen tussen 

en zijn. Het klinische effect van het verschil in kinetiek 

jke 

eassocieerd met de ontwikkeling en terugkeer van 

eptische ulcera en de ontwikkeling van maagcarcinoma. Dit deel van het 

oond 

eeft 

O

v

PPRs die van belang kunn

van de verschillende generieke producten van omeprazol is een belangri

parameter die moet worden onderzocht in klinische studies om de klinische 

vergelijkbaarheid van deze producten met de overige PPRs te bepalen. 

 

 

Helicobacter pylori eradicatie 

Helicobacter pylori wordt g

p

proefschrift begint met een vergelijking van een Helicobacter pylori eradicatie 

therapie te vergelijken met onderhoudstherapie met histamine-2-receptor 

antagonisten (H2RA) bij de behandeling van peptische ulcera. Er wordt aanget

dat een Helicobacter pylori eradicatie therapie een betere kosteneffectiviteit h
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dan onderhoudstherapie. De studies die Helicobacter pylori eradicatie therapie 

vergeleken met H2RA onderhoudstherapie maakten gebruik van modellen om

kosteneffectiviteit te schatten. Na succesvolle eradicatie werd aangenomen dat er 

geen maagmiddelen meer werden gebruikt. Bij patiënten waar de eradicatie niet 

succesvol was, werd aangenomen dat zij evenveel maagmiddelen gebruikten

patiënten die H

 de 

 als 

 

emaakt van één database met apotheek 

egevens en één database met huisarts gegevens. De eerste database bestond uit 

 die 

 is het 

pak is. 

ooral wanneer de rol van Helicobacter pylori in het ontstaan van maagcarcinoma 

ordt meegenomen. 

lein 

est 

nde 

 wordt de 

2RA onderhoudstherapie kregen. Aangezien deze aanname voor een 

belangrijk deel verantwoordelijk was voor het voordeel van Helicobacter pylori 

eradicatie therapie werd deze aanname onderzocht. Om deze aanname in de

praktijk te onderzoeken is gebruik g

g

meer patiënten, maar hier was geen indicatie van voorschrijven bekend. De tweede 

database was kleiner, maar hier was de reden van voorschrijven wel bekend. In 

beide databases kwam naar voren dat na eradicatie nog steeds mensen waren

maagmiddelen gebruikten. De patiënten die nog steeds maagmiddelen gebruikten 

na eradicatie, gebruikten voornamelijk PPRs en de kosten van het gemiddelde 

gebruik per gebruiker waren hoger. Deze resultaten geven aan dat de gebruikte 

farmacoeconomische vergelijkingen de kosteneffectiviteit van Helicobacter pylori 

eradicatie therapie waarschijnlijk hebben overschat. Hoewel dit zo mag zijn,

wel duidelijk dat bij bewezen peptische ulcera en een positieve test voor 

Helicobacter pylori infectie, Helicobacter pylori eradicatie de juiste aan

V

w

 

In de westerse wereld komen maagklachten veel voor. Ondanks dat maar een k

deel van de mensen met klachten een huisarts bezoekt is het één van de me

geziene klachten op het spreekuur van de huisarts. Huisartsen hebben verschille

manieren waarop ze deze patiënten kunnen behandelen. In dit proefschrift

gezondheidseconomische vergelijking van twee van deze methodes besproken. 

Deze methodes zijn de Helicobacter pylori test-en-behandel strategie en een 
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strategie waarbij direct een endoscopie wordt uitgevoerd. Voor beide strategieën

het verschil in effectiviteit in termen van ‘qualitity adjusted life years’ (QALYs) 

klein. Het 95% betrouwbaarheid interval geeft aan dat het verschil voor de 

klinische praktijk niet wezenlijk anders is. Het verschil in kosten tussen beide 

strategieën is echter wel significant verschillend. Alle “bootstrap” herhalingen 

geven aan dat de Helicobacter pylori eradicatie strategie minder kost.  

Beide strategieën hebben hun eigen voordelen die niet zijn meegenomen 

deze studie. Directe endoscopie heeft als voordeel dat er bij de endoscopie di

de maag en de slokdarm kan worden gekeken. Met dit directe beeld kunnen 

serieuze aandoeningen van maag en slokdarm, zoals Barrett’s oesophagus en 

carcinoma’s, wellicht eerder aan het licht komen. Tijdens deze studie waren er 

echter geen aanwijzingen dat dit in de praktijk een echt voordeel was. De 

Helicobacter pylori test-en-behandel strategie heeft het voordeel van de eradicatie

van de Helicobacter pylori, welke een belangrijke rol speelt in het ontstaan en 

ontwikkelen van peptische ulcera en maagcarcinoma. Door eradicatie van de 

Helicobacter pylori wordt de kans op ontwikkeling van deze aandoeningen zeer

waarschijnlijk ook verlaagt. Deze studie laat zien dat een Helicobacter pylori test-

en-behandel strategie in termen van kosten de voorkeur zou moeten krijgen boven 

een directe endoscopie aanpak. 

 

 

Helicobacter pylori v

 is 

in 

rect in 

 

 

accin 

 hoofdstuk 8 is de kosteneffectiviteit geschat van een dergelijk vaccin. De 

 

an 

In

schattingen met de basis veronderstellingen, waarbij gebruik wordt gemaakt van 

een disconteringsvoet van 4% (huidige farmacoeconomische richtlijn) en 1,5%

(disconteringsvoet zoals nu bediscussieerd) waren respectievelijk €14.300 per 

gewonnen levensjaar en €2.6oo per gewonnen levensjaar. In beide gevallen zou het 

vaccin worden geaccepteerd volgens de huidige farmacoeconomische drempel v
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€20.000 per gewonnen levensjaar. De kosteneffectiviteit ratio met de 

disconteringsvoet van 1,5% voor gezondheid is echter wel veel aantrekkelijker. 

 Bij het schatten van een kosteneffectiviteit ratio van een vaccin tege

Helicobacter pylori zijn er meerdere problemen. Ten eerste, er is op dit moment

geen vaccin beschikbaar. Daarom zijn alle factoren rond het vaccin, zoals de 

kosten en de effectiviteit van het vaccin, afgeleid van een expert panel. 

n 

 

Ten tweede 

is het w

iektes 

ak van 

 van 

/of nieuwe ontwikkelingen) wordt beschreven 

oor de tijdsvoorkeur van een persoon. In de huidige farmacoeconomische 

chtlijnen uit 1999 werd voorgeschreven om een disconteringsvoet van 4% voor 

e 4% voor gezondheid. Deze 4% was afkomstig van 

4% is 

e 

gezondheid zou moeten worden veranderd naar 1,5% in Nederland. In hoofdstuk 8 

el duidelijk dat Helicobacter pylori een rol speelt bij het ontstaan en de 

ontwikkeling van peptische ulcera en maagcarcinoma’s, maar de impact van 

Helicobacter pylori eradicatie op kinderleeftijd op het voorkomen van deze z

is nooit onderzocht. Met de gevonden kosteneffectiviteit radio’s en de 

waarschijnlijk kleine invloed van bovenstaande problemen lijkt met de huidige 

informatie een vaccin tegen Helicobacter pylori een kosteneffectieve aanp

peptische ulcera en maagcarcinoma’s. 

 

Disconteren is een belangrijke factor in de evaluatie van de kosteneffectiviteit

preventieve programma’s zoals vaccins. Bij disconteren worden toekomstige 

kosten en baten lager gewaardeerd dan huidige kosten en baten. De belangrijkste 

drijfveer voor disconteren is toekomstige groei en onzekerheid. Deze onzekerheid 

(onzekerheid over het bestaan en

d

ri

geld te gebruiken en dezelfd

het rendement van langlopende monetaire leningen. Het is duidelijk dat deze 

bepaald voor geld en niet voor gezondheid. Op dit moment is een discussie gaand

over de passendheid van het gebruiken van dezelfde disconteringswaarde voor 

gezondheid als voor geld. In de appendix van hoofdstuk 8 wordt aangetoond 

waarom het niet passend is om dezelfde disconteringsvoet te gebruiken, tevens 

worden redenen gegeven waarom de huidige discontering voet van 4% voor 
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wordt de impact van het verlagen van de disconteringsvoet getoond. H

duidelijk dat met een lagere disconteringsvoet de kosteneffectiviteit ratio van een

et is 

 

Helicobacter pylori vaccin veel beter wordt. Deze verbetering van 

kosteneffectiviteit ratio’s voor preventieve programma’s zal de acceptatie van 

(nieuwe) preventieve programma’s op de markt sterk kunnen beïnvloeden. 
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Algemene conclusies 

Dit proefschrift toont aan dat ondanks dat er kleine verschillen bestaan, klinische 

verschillen in effectiviteit tussen de verschillende PPRs van beperkt

Deze observatie maakt het mogelijk om een proton pomp remmer alleen te kiez

op basis van de prijs per gebruikte dagdosis. De klinische effectiviteit van g

 belang zijn. 

en 

eneriek 

meprazol kan eventueel lager zijn, aangezien na afloop van het patent van 

meprazol meer patiënten van omeprazol switchen naar een ander proton pomp 

mmer. Of dit veroorzaakt wordt door een lagere effectiviteit of dat dit andere 

oorzaken heeft moet nog nader worden onderzocht. 

 

In de behandeling van peptische ulcera is eradicatie van Helicobacter pylori 

effectiever dan onderhoudstherapie met een H2RA. Er moet echter gezegd worden 

dat Helicobacter pylori eradicatie het gebruik van maagmiddelen niet volledig 

stopt. Na Helicobacter pylori eradicatie gebruiken sommige patiënten nog steeds 

maagmiddelen en dan vooral PPRs. Deze observatie is waar voor alle indicaties 

zoals gezien in hoofdstuk 6. 

 Een Helicobacter pylori test-en-behandel strategie in patiënten die voor het 

eerst met dyspeptische klachten bij de huisarts komen is goedkoper en even 

effectief als directe endoscopie. Aangezien Helicobacter pylori eradicatie ook de 

voorkeur heeft in termen van het voorkomen van peptische ulcera en maag 

carcinoma, is deze strategie uiteindelijk wellicht ook effectiever in termen van 

gewonnen levensjaren. 

 De ontwikkeling van een Helicobacter pylori vaccin wordt nog steeds 

gezien als een belangrijke ontwikkeling op het gebied van het verminderen van 

Helicobacter pylori infectie en de serieuze ziekten die het veroorzaakt. Met de 

informatie die nu beschikbaar is wordt een dergelijk vaccin als kosteneffectief 

beschouwd. Wanneer een lagere disconteringsvoet voor gezondheid wordt 

gebruikt, zoals tegenwoordig wordt bediscussieerd, wordt de kosteneffectiviteit 

ratio zeer veel verbeterd 

o

o

re
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Dankwoord



 

Het schrijven van een proefschrift is iets wat je natuurlijk niet zonder hulp van 

andere mensen doet. Aan het eind van mijn studie farmacie kreeg ik bij de afdeling 

sociale farmacie de mogelijkheid om een afstudeeronderzoek uit te voeren in de 

farmacoeconomie. Maarten Postma was toen net begonnen als docent 

farmacoeconomie aan de Rijksuniversiteit Groningen. Het resultaat van dit 

afstudeerproject is onderdeel van hoofdstuk 6 van dit proefschrift.  

 

Aan het eind van mijn afstuderen kwam er een project beschikbaar van de 

Proeftuinen farmacie in Groningen. Aangezien dit project over proton pomp 

remmers aansloot bij mijn afstudeerproject en de samenwerking met Maarten zeer 

geslaagd was, ben ik daarmee aan de slag gegaan. Ik wil Hilke Blei, Julius van 

Dam en Egbert de Jong bedanken voor de samenwerking in dit project.  

 

Bij de start van dit project leek het Maarten een goed idee om me een 

promotieplaats aan te bieden b armacie, 

Farmacoepidemiologie en Farmacotherapie. Aangezien ik niet direct de behoefte 

had om in een apotheek aan de slag te gaan heb ik hier ja tegen gezegd, met als 

voorwaarde dat ik ondertussen wel mijn apothekersdiploma kon halen. Na overleg 

met Lolkje de Jong-van den Berg en een strak tijdschema bleek dit mogelijk. Het 

grote probleem van deze combinatie was dat mijn exacte positie op de afdeling niet 

helemaal duidelijk was, waardoor ik pas verderop in mijn promotietraject officieel 

onder de hoede van mijn promotor Koos Brouwers kwam. Ik wil Lolkje en 

Maarten bedanken voor het vertrouwen dat ik de combinatie van promotie 

onderzoek en apothekersopleiding aankon.  

 

Ondanks dat Koos Brouwers pas later in het proces officieel mijn promotor werd 

was Koos van begin af aan betrokken bij mijn onderzoek en bij het schrijven van 

mijn publicaties, aangezien het onderwerp proton pomp remmers en Helicobacter 

pylori aansloot op het expertise gebied van Koos. We hebben vaak samen met 

ij de vakgroep Sociale f
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Maarten goede en leerzame gesprekken gehad over het onderzoek (soms was he

net college) en daarnaast ook goede gesprekken over algemene zaken, zoals hoe 

politieke spellen in bedrijven en universiteiten werken. Naast de goede begeleidin

was het ook heel gezellig, dank daarvoor. 

 

De sfeer bij de vakgroep (of eigenlijk 2 vakgroepen) waar ik mijn p

t 

g 

romotie traject 

eb doorlopen (Farmacotherapie en Farmaceutische Patiëntenzorg, Sociale 

In het 

ir, 

 

 gezellig, 

asper, Rene, Gijs, Cornelis en Robin bedankt. Ook de rest van de mensen op de 

input tijdens 

il 

en 

kt voor deze les en natuurlijk het 

eschikbaar stellen van je database. 

n 

 en 

h

Farmacie en Farmacoepidemiologie) was altijd ontspannen en aangenaam. 

bijzonder wil ik de door mij versleten kamergenoten bedanken: Adrianne, Jar

Willemijn, Suzanne, Robin en Cornelis. Naast mijn kamergenoten ook een speciale

dank voor de andere promovendi op het gebied van de farmacoeconomie. Op 

congressen en tijdens de overleggen was het naast leerzaam vaak ook erg

J

vakgroep bedankt voor de koffie ochtenden, algemene gezelligheid en 

de brainstorm en dRUGs sessies. 

 

Voor mijn publicaties heb van meerdere databases gebruik gemaakt. Als eerste w

ik Paul, Sipke en Bert bedanken voor de ondersteuning en ontwikkeling van de 

InterActie DataBank. Daarnaast wil ik Willem Jan vd Veen en Ger vd Werff 

bedanken voor de nuttige samenwerking en het beschikbaar stellen van de data van 

de RNG database. Naast deze twee bestaande databases heb ik ook een analyse 

uitgevoerd met een database die door Niek Arents is opgezet. Van deze 

samenwerking heb ik geleerd dat artsen liever een duidelijke boodschap in e

artikel lezen dan 2 pagina’s formules. Bedan

b

 

Naast de mensen met wie ik heb samengewerkt zijn er gelukkig ook enkele mense

geweest die me van het werk hebben gehouden. Allereerst natuurlijk de mensen 

waarmee ik farmacie ben begonnen, aangevuld met een tandarts, natuurkundige
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een arts. Een dankwoord zonder de heren van de OZO kan natuurlijk niet; Coen, 

Harry, Job, Leander, Martijn, Niek, Paul, Ramses en Redmer bedankt voor de 

avonden film en discussie waar af en toe een drankje werd genuttigd. Daarnaast 

ben ik ook veel tijd ‘kwijtgeraakt’ aan mijn tennisteam. Zaterdagcompetitie spelen 

n de volgende woensdag pas weer een beetje bijgekomen zijn. Joost, Rogier, 

en 

erktijden. Ik zal proberen om nu ook echt op de 

fgesproken tijd thuis te zijn en niet steeds 5 minuten van tevoren bellen met de 

e

Steven, Menno, Jan Willem, Wytze en Leon bedankt voor de mooie, maar zware 

weekenden. 

 

Het grootste deel van mijn dank gaat natuurlijk uit naar mijn ouders en zus. Op 

allerlei manieren hebben ze bijgedragen aan het tot stand komen van dit 

proefschrift. Natuurlijk is de inhoud van mij afkomstig, maar zonder hun hulp 

steun was dit nooit mogelijk geweest. 

 

Natuurlijk wil ik ook m’n vriendin Femke bedanken voor het geduld en het 

accepteren van mijn afwijkende w

a

mededeling ‘het wordt even een half uur later’ om vervolgens een uur tot anderhalf 

uur later te verschijnen. 
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