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Chapter 4 

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. 

 51



Chapter 4 

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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Figure 4. Proportional use of PPIs in cohort 2 (time period 2002-2003).  
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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].  

 

 

 58



Switch patterns before and after patent expiry of omeprazole 

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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