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Abstract 1 

A rapidly increasing use of biological drugs has led to substantial costs. Shift to biosimilars enables 2 

considerable reduction of these costs without jeopardizing the treatment of patients, but most countries 3 

have extensive possibilities of untapped cost-savings. The aim of this study was to describe the Danish 4 

quick and near-complete implementation of the two first TNF inhibitor biosimilars (infliximab and 5 

etanercept). 6 

We shed light on the considerations and experiences made during the implementation, and present key 7 

figures from the implementation. The infliximab biosimilar constituted 90.6% of the total amount of 8 

infliximab four months following patent expiration of the biooriginator. Similar results were seen for 9 

etanercept biosimilar. Substantial cost reductions were experienced in the way that e.g. the infliximab-shift 10 

reduced cost by two thirds. 11 

We believe that a thorough preparation and an organizational setting supporting the implementation is 12 

crucial for the successful implementation. This same implementation model will be used for future 13 

biosimilars. 14 

  15 
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Introduction 1 

Biologics and biosimilars 2 

The definition of biological medicines (biologics) varies, but the European Medicines Agency (EMA) defines 3 

them as “contain[ing] active substances from a biological source, such as living cells or organisms”.[1] In 4 

general, newer biologics are expensive and are responsible for a substantial part of the increasing 5 

expenditure on pharmaceutical drugs worldwide. This has been highlighted by a recent market watch that 6 

placed eight biologics among the ten best-selling drugs globally in 2017.[2] The high level of global 7 

expenditure on biologics means that the potential for cost savings following patent expiration is 8 

substantial. Usually, at least one generic drug is branded following the expiration of a drug patent. Biologics 9 

are manufactured as biological copies, rather than by chemical synthesis and so biosimilars are not true 10 

generics. There is no consensus definition of a biosimilar, but the EMA defines it as a drug that is “highly 11 

similar” to the reference medicine (biooriginator).[1] In many countries, great efforts are made to reduce 12 

drug expenditures by increasing the use of biosimilars, but their implementation has tended to be slow, 13 

probably in the main due to a theoretical uncertainty about the efficacy and safety of biosimilars among 14 

patients and healthcare professionals. For those patients who are already taking the biooriginator there is a 15 

specific concern that the non-medical shift from biooriginator to biosimilar could cause the development of 16 

drug antibodies that could potentially weaken the effect of the treatment and increase the risk of adverse 17 

drug reactions. The slow implementation results in a loss of opportunities to make economic savings. Here 18 

we present a Danish model for fast and near-complete implementation of biosimilars.[3] 19 

According to the market watch, the two biological anti-inflammatory drugs, Remicade and Enbrel, the 20 

biooriginators of infliximab and etanercept, were among the ten best-selling drugs globally in 2017. 21 

Remicade was the sixth best-selling drug, with sales of 5.8 billion USD, and Enbrel was the eighth, with sales 22 

of 5.4 billion USD.[2] Biosimilars of both drugs have been branded globally. In Denmark, a complete shift to 23 

biosimilars was undertaken, including non-medical shifts. Thus, patients receiving effective treatment with 24 
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the biooriginator were shifted to a biosimilar entirely for economic reasons. The shifts resulted in 1 

considerable cost savings despite increasing drug consumption. 2 

The Danish setting 3 

Denmark, in northern Europe, is an EU member with 5.8 million inhabitants. In Denmark, health services 4 

are paid through taxation, and biological anti-inflammatory drugs are provided free of charge to patients in 5 

hospital-based out-patient clinics.[4] Increasing use of expensive biological anti-inflammatory drugs has 6 

placed a heavy demand on hospital drug budgets. Public healthcare services are provided by the five 7 

politically independent regions of the nation, who are responsible for running the hospitals. Purchase of 8 

medicines for hospital use is centralised in Denmark. Amgros is the regional authorities’ pharmaceutical 9 

procurement service, i.e., the body that bulk-purchases the drugs, handles national tendering procedures, 10 

and supplies the drugs to regional hospital pharmacies. Amgros cooperates with the Danish Medicines 11 

Council (DMC). At the time biosimilars were introduced, Amgros cooperated with the predecessor of the 12 

DMC, the Council for the Use of Expensive Hospital Medicines (RADS). DMC and RADS have appraised 13 

expensive drugs covering several therapeutic areas for in-hospital use and have provided national 14 

guidelines. All five regions are represented on both councils, and have agreed to implement the 15 

recommendations, although each region organises its own implementation. The five Regional Drug and 16 

Therapeutics Committees are key players in this regional implementation. 17 

Initiatives for implementing biosimilars 18 

As a matter of principle, RADS decided in May 2014 that any drug assessed by the EMA as a biosimilar could 19 

be used by Danish patients. This included all drug-naïve patients, both new patients and those switching 20 

from another drug due to lack of effect or adverse events, and patients currently receiving the 21 

biooriginator. When the biosimilars of infliximab and etanercept were approved for use in Denmark, RADS 22 

arranged discussions between committee members and members of the respective clinical societies for 23 

dermatology, gastroenterology and rheumatology. The continuing pressure on healthcare budgets was 24 

expected to force a change in attitudes towards biosimilars. However, the clinicians were not familiar with 25 
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biosimilars and were concerned about their safety and efficacy. These concerns included the core issue of 1 

extrapolation in biosimilars, such as when to accept safety and efficacy data from one indication and apply 2 

it to another, or when to apply the data from one population to another. The main topics of discussion at 3 

these meetings were efficacy, safety, immunogenicity, interchangeability, the traceability of the drug, and 4 

how to monitor efficacy. The meetings reached a consensus on the use of biosimilar infliximab and 5 

etanercept involving the close monitoring of usage, efficacy, and adverse reactions. Furthermore, the 6 

Danish Medicines Agency (DMA) was urged to produce informative written material on biosimilars for 7 

healthcare professionals and patients.[5] 8 

RADS decided to undertake a fast and complete shift to biosimilars in the hope of reducing the costs of 9 

hospital drugs without affecting the quality of patient treatment. A national biosimilar task force reporting 10 

to RADS was subsequently established with the purpose of 1) exploring potential practical problems in the 11 

hospitals/departments, 2) preparing the implementation, 3) having continuous discussions with the drug 12 

suppliers, 4) conducting meetings with clinicians, administrators, and patient organizations, 5) assessing the 13 

need for providing educational materials.  14 

Even before the decision was taken regarding the implementation of biosimilars, Amgros was negotiating 15 

with potential companies. This was important to speed up the agreement of contracts and to ensure a 16 

stable drug supply as soon as the decision was made. 17 

Several initiatives were adopted to assess the possible negative effects of the shift to biosimilars, including 18 

mandatory registration of batch numbers when treating patients and when reporting potential adverse 19 

events. The very extensive Danish clinical quality databases and national registries were used to address 20 

these matters. 21 

Patient outcomes following the implementation  22 

Research undertaken in patients with rheumatoid arthritis found no difference in disease activity one year 23 

after the non-medical shift from Remicade to the biosimilar Remsima.[6] In another group of patients with 24 
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rheumatoid arthritis, no relationship was found between development of anti-drug antibodies and 1 

treatment withdrawal.[7] Furthermore, the DMA paid particular attention to new signals in reported 2 

potential adverse drug reactions, and declared in a newsletter in August 2016 that the reported potential 3 

adverse drug reactions gave no reason to suspect any differences between the biooriginators and 4 

biosimilars of infliximab and etanercept.[8] These findings are in agreement with an opinion paper, 5 

published in 2017, listing theoretical risks and actual experiences of the interchangeability of biosimilars. 6 

The authors concluded that biosimilars approved in the EU do not differ from their corresponding 7 

biooriginators with respect to their safety and efficacy.[9] 8 

Methods 9 

Sales of infliximab and etanercept in Danish community pharmacies are negligible. Data on net purchases 10 

of infliximab and etanercept by hospitals were examined by using the database of hospital drug sales by 11 

Amgros and the Danish hospital pharmacies. Data were recorded daily, but we aggregated them to monthly 12 

periods. Furthermore, data are presented as the sum of all hospitals’ purchases. Sub-analyses were 13 

conducted to evaluate potential differences in the biosimilar proportion of drug purchases between regions 14 

and specialties, but these revealed no noticeable differences. From now on, we will refer to the sale as 15 

consumption; they are equivalent due to the small quantities stored in each department. Data on the 16 

implementation of infliximab and etanercept in various European countries were received from IQVIA 17 

MIDAS. 18 

Results 19 

Drug consumption 20 

A shift for infliximab from Remicade to the biosimilar Remsima was implemented following the patent 21 

expiration on 13 February 2015. Figure 1a presents Danish hospitals’ monthly consumption in Defined Daily 22 

Doses (DDD) of infliximab, grouped by brand name. The first sale of Remsima to a hospital department took 23 
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place on 27 March 2015. By April 2015, Remsima constituted 18.9% of the total infliximab in DDD and the 1 

percentage rose rapidly over subsequent months, reaching 90.6% in July 2015. On average, Remsima 2 

accounted for 97.6% of consumption in 2016. As seen in Figure 1a, there was an increasing consumption of 3 

infliximab following the shift to Remsima. Later, Inflectra became cheapest and the shift from Remsima to 4 

Inflectra was even faster. Inflectra was first sold on 21 September 2017, and by October 2017 it constituted 5 

90.3% of total infliximab sales in DDD, the figure rising to 98.5% in November 2017. There was no 6 

difference in the pattern of implementation between the Danish regions, despite each of them organising it 7 

independently, supplementary. 8 

The shift from Enbrel to Benepali commenced with its first sale to a hospital department on 5 April 2016. 9 

Figure 2a shows the monthly consumption in DDD of etanercept, grouped by brand name. Benepali 10 

constituted 15.3% of total etanercept consumption in April 2016, and rose considerably in the subsequent 11 

months (64.7% in May 2016, 85.4% in June 2016). In 2017, Benepali accounted for 84.2% of total 12 

etanercept consumption. Benepali does not cover all the indications of Enbrel, so 100% consumption of 13 

biosimilars was not possible. 14 

When comparing proportions of biosimilar consumption, it is important to take the date of patent 15 

expiration into account, since this differs between countries. As shown in Figure 3a, the Danish 16 

implementation of infliximab was extremely rapid. At the time of the implementation of etanercept, 17 

several other countries had improved their implementation, but it still took Norway approximately 1 year 18 

to achieve a similar proportion of consumption of the biosimilar (Figure 3b). The UK had a slower 19 

implementation of etanercept than Denmark and Norway but reached 75% implementation 2 years after 20 

the introduction of its biosimilars. Other countries had a less than 25% implementation of etanercept 21 

biosimilars after 1 year.  22 
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Drug costs 1 

The total monthly drug costs of infliximab and etanercept are illustrated in Figure 1b and Figure 2b. The 2 

cost of infliximab was reduced by approximately two-thirds when changing from Remicade to Remsima, 3 

equivalent to a cost saving of 200 million DKK (approximately 24 million GBP) in 2015, which was the year 4 

Remsima was introduced.[10]  5 

Discussion 6 

Like generic drugs, implementation of biosimilars aims solely at reducing drug costs. There are many 7 

reasons for the very rapid and complete shift from biooriginators to biosimilars. We believe one of the 8 

most important of these was the way the in-hospital drug sector is organized in Denmark. Through the 9 

Regional Drug and Therapeutics Committees, the discussions were held with local clinicians, the shift was 10 

followed closely by the hospital pharmacies, and the biosimilar was automatically delivered to the ward, 11 

unless reasons for not doing so were specifically stated. In some regions, the biooriginator could only be 12 

prescribed if the physician had an explicit reason for not using the biosimilar, but the regions had slightly 13 

different ways of managing the shift. The clinicians were probably primarily motivated by the threat of job 14 

cuts if drug budgets were exceeded. The direct consequences of overspending differ by region, but in 15 

general at least some of the overspending needs to be payed by either the department or the hospital. 16 

Conducting a non-medical shift requires staff time to inform patients, since they may be worried about 17 

changing from a well-tolerated and effective drug to a new, “unknown” medication. We believe the 18 

substantial cost reductions outweigh these considerations. However, it is important to ensure that the 19 

reductions in drug costs are not wiped out by increases in other costs. A study of patients with rheumatoid 20 

arthritis concluded that there was no change in the use of outpatient healthcare resources in the 6 months 21 

following patients’ non-medical shift to a biosimilar compared with the previous 6 months.[11] Further 22 

studies among all patient groups assessing all potential related increases in cost are warranted. 23 

Furthermore, studies accessing the prescriber’s opinions on the described shifts (or upcoming shifts) could 24 

give valuable knowledge leading to better involvement of clinicians and improved implementation 25 
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strategies in the future. Other interesting research areas would be implementation of biosimilars where the 1 

new (and cheaper) drug differs from biooriginator with regard to administration path. This has already 2 

been the case for trastuzumab in oncology, where biooriginator Herceptin could be given both 3 

intravenously or as a subcutaneous injection but the biosimilars are only for intravenous use.  4 

The Danish structure, with its national tendering, probably contributed to the substantial drug discounts 5 

obtained. It is not known whether corresponding cost savings can be achieved in future introductions of 6 

biosimilars, but a recent press release regarding the upcoming Danish shift to adalimumab biosimilar 7 

exceeds expectations with cost-reductions of 87%.[12] Achieving savings should always be a goal, since all 8 

unnecessary costs indirectly represent sacrifices borne by all other Danish patients. 9 

Recommendations 10 

Compared with shifts in other countries, the Danish implementation was rapid and almost complete. We 11 

believe thorough preparation and resolute implementation, in conjunction with provision of 12 

comprehensive information to patients, are keys to a successful non-medical shift to biosimilars. We plan 13 

to use the same method of implementation for future biosimilars. However, new and unresolved 14 

challenges lie ahead, for instance, whether patients could keep switching between different brand names 15 

(continuous interchangeability). 16 

Figures 17 

Figure 1 Danish implementation of infliximab biosimilars – monthly consumption by quantity and cost  18 

Figure 2 Danish implementation of etanercept biosimilar – monthly consumption by quantity and cost 19 

Figure 3 European implementation of biosimilars – monthly proportion of biosimilars as part of total sales 20 
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Figure 1 Danish implementation of infliximab biosimilars – monthly consumption by 1 

quantity and cost 2 
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Figure 2 Danish implementation of etanercept biosimilar – monthly consumption by 1 

quantity and cost 2 
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Figure 3 European implementation of biosimilars – monthly proportion of biosimilars 1 

as part of total sales 2 

 3 


