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Abstract

Objective: Inflammatory bowel disease [IBD] entails a high economic burden to society. We aimed 
to estimate the current and future impact of the introduction of biosimilars for infliximab on IBD-
related health care costs.
Methods: We designed a stochastic economic model to simulate the introduction of biosimilars 
in IBD, using a 5-year time horizon, based on the Dutch situation. Prevalence data on ulcerative 
colitis [UC] and Crohn’s disease [CD] and IBD-related health care costs data were used as input. 
Assumptions were made on price reductions of anti-tumour necrosis factor [TNF] therapy, 
increase of anti-TNF prescription rate, and development of hospitalization costs. The base case 
scenario included a gradual decrease in prices of biosimilars up to 60%, a gradual decrease in 
prices of original anti-TNF compounds up to 50%, and an annual increase of anti-TNF prescription 
rate of 1%, and this was compared with no introduction of biosimilars. Sensitivity analyses were 
performed.
Results: For the base case, cost savings over the total of 5 years were on average €9,850 per 
CD patient and €2,250 per UC patient, yielding in €493 million total cost savings [a reduction of 
28%] for The Netherlands. Results were predominantly determined by price reduction of anti-TNF 
therapy, threshold price reduction at which physicians switch patients towards biosimilars and the 
extent to which switching will take place.
Conclusions: The introduction of biosimilars for infliximab can be expected to have a major impact 
on the cost profile of IBD. The economic impact will depend on local pricing, procurement policies 
and the physician’s willingness to switch patients to biosimilars.
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1. Introduction

Inflammatory bowel diseases [IBD] are chronic intestinal disor-
ders comprising Crohn’s disease [CD] and ulcerative colitis [UC]. 

In Europe, the incidence rates are currently estimated to be 6.3 per 
100 000 person-years for CD and 9.8 per 100 000 person-years for 
UC.1,2 IBD is associated with a high economic burden to society;3 the 
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mean annual IBD-related health care costs in CD and UC in 2011 
were estimated at €6,500 and €2,400, respectively.4 The anti-tumour 
necrosis factor [TNF] compounds infliximab and adalimumab were 
identified as the main cost drivers in IBD, accounting for 61% of 
annual IBD-related health care costs.4–6 The proportion of costs for 
anti-TNF prescriptions is still increasing, but this is compensated by 
a decrease in costs for hospitalizations.5,7

Infliximab biosimilars, which are copy versions of currently 
licensed anti-TNF therapy, have been approved by the European 
Medicines Agency for the treatment of CD and UC, and have now 
entered the market. The patent on Remicade® has expired.8 The 
anticipated price reduction of biosimilars relative to the prices of the 
originators is expected to have a major impact on the cost profile 
of IBD in the next few years.9,10 In addition to the lower prices of 
biosimilars, the price of the originator can be expected to respond, 
although to a lesser extent, to the advent of these competing agents 
as well, which might consequently result in a change in prescription 
behaviour of anti-TNF therapy.

The aim of the present study was to estimate the current and 
future impact of the introduction of anti-TNF biosimilars on IBD-
related direct health care costs in The Netherlands.

2. Methods

2.1. Model design
We designed a stochastic economic probabilistic model to simulate 
the impact of the introduction of anti-TNF biosimilars on annual 
IBD-specific health care costs in The Netherlands, compared with 
no biosimilar introduction [the reference case]. The model was 
built in Microsoft Excel 2010, using @Risk, an add-in [Pallisade 
Corporation @Risk v5.5, Ithaca, NY, USA] to perform analyses 
using Monte Carlo simulation techniques. Simulations were based 
on the Dutch situation, including Dutch prevalence data on UC and 
CD and Dutch IBD-related health care costs data. Assumptions had 
to be made on: 1] price reductions of anti-TNF therapy; 2] future 
development of increasing anti-TNF therapy prescription rates; 
and 3] development of hospitalization costs over time. The starting 
year was 2014. The time horizon modelled was 5 years. Health care 
costs for the years 2015 up to 2019 were simulated assuming: 1]  

no introduction of biosimilars [i.e. reference case]; and 2] introduc-
tion of biosimilars. For each simulation, 50 000 runs were conducted.

2.2. Model assumptions
2.2.1. Prevalence of IBD
Based on the Vektis database8 [centre for information and standardi-
zation for insurance companies], which consisted of patients with at 
least one ‘Diagnosis Treatment Combination’ of IBD between 2008 
and 2012 and alive on December 31, 2012,9 we estimated the num-
ber of Dutch adult IBD patients in 2014 to be 85 400 [equalling 507 
patients per 100 000 inhabitants, 55% UC and 45% CD patients], 
see Table 1. These estimations were assumed to remain stable over the 
next 5 years.1

2.2.2. B] Health care costs
Health care costs and prescription rates of anti-TNF therapy were 
extracted from the COIN study.4 In short, the COIN-study enrolled 
more than 3000 Dutch IBD patients who were prospectively fol-
lowed by means of 3-monthly detailed questionnaires on health care 
utilization [for full details see reference 4]. For the current study, the 
most recently published 2-year follow-up data were used5 and costs 
were updated to euros for the year 2014 [the starting year of the 
simulation] using Dutch consumer price indexes [CPI].11 Health care 
costs were modelled as: 1] costs for Remicade® use [price based on 
average weight of 75 kg and 1.8 infusions per 3 months]; 2] costs 
for Humira® use (prices based on 6.5 injections per 3 months [81% 
administered adalimumab 40 mg per 2 weeks] or 13 injections per 
3 months [19% of patients administered adalimumab 80 mg per 2 
weeks]); 3] costs for biosimilar use; 4] hospitalization costs [includ-
ing cost price per day spent on the medical ward of either a general 
hospital, an academic hospital or an intensive care unit, multiplied 
by the number of days admitted]; and 5] remaining health care costs 
[including costs for medications others than anti-TNF compounds, 
diagnostic procedures, outpatient clinic visits and IBD-specific sur-
gery] [see Table 1, and details on unit prices of resource use in the 
COIN study [see Supplementary Table 1, available as Supplementary 
data at ECCO-JCC online]].12,13 Annual costs for Remicade® use, 
Humira® use and biosimilar use were calculated by multiplying 

Table 1. Assumptions regarding prevalence, health care costs and use of anti-TNF compounds in IBD patients in 2014.

Variable Model input Source/assumption/explanation

Prevalence
Dutch prevalence of IBD; adult 
patients

IBD cases: 85,400
55% UC and
45% CD

Based on Vektis database31: number of patients with at least one 
‘Diagnosis Treatment Combination’ of IBD between 2008 and 
2012, and alive on December 31, 201232; assumed to remain stable 
over time1+22

Anti-TNF use
Percentage of IBD patients using  
anti-TNF compounds in 2014

CD: Remicade® 10%, Humira® 13%
UC: Remicade® 3%, Humira® 2%

5

Annual costs
Annual average health care costs/ 
patient, in euros for the year 2014, 
whereof

€/CD patient €/UC patient Extracted from the COIN study4,5 and updated for the year 2014 
using Dutch consumer price indexes33

 costs for Remicade® use € 2,025 € 633
 costs for Humira® use € 2,258 € 285
 costs for biosimilar use € 0 € 0
 hospitalization costs € 802 € 340
  costs of remaining health care 

utilization
€867 € 1,069 Including diagnostic procedures, outpatient clinic visits, surgeries 

and medication use other than anti-TNF compounds

IBD, inflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitis; TNF, tumour necrosis factor.
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simulated annual prescription rates with simulated annual unit 
prices. Hospitalization costs were assumed to decrease over time.5,7 
Other health care consumptions were assumed to remain stable over 
time. Health care unit prices for the years 2015–2019 were simu-
lated as real-time prices and were corrected for inflation, using the 
average annual observed consumer price index [CPI] of health care 
for the years 2005–2015.11 Only medication prices were assumed to 
remain stable [i.e. no inflation], according to the findings of recent 
years.11

2.3. Reference case
The reference case represented the situation with no introduction 
of biosimilars for infliximab. In this simulation, the 2014 situation 
was maintained. Thus, neither anti-TNF prescription rates, nor hos-
pitalization consumptions nor other health care consumptions were 
assumed to change over time. Correction was only applied for price 
inflation for the years 2015 up to 2019.

2.4. Base case scenario
When simulating the introduction of biosimilars, additional assump-
tions had to be made. In order to substantiate these assumptions, we 
presented different future scenarios to an expert panel of 15 gastroen-
terologists with expertise on IBD, employed in seven academic and six 

general Dutch hospitals. Based on the combined responses of this expert 
panel, the base case scenario was defined [Table 2]. [For full details see 
Supplementary Table 2, available as Supplementary data at ECCO-JCC 
online.] The assumptions in the base case scenario included:

1. The use of anti-TNF compounds will continue to increase annu-
ally by 1% (with a minimum of 1% and a maximum of 2% 
[modelled with Pert distribution14]), which is in line with the 
observed increase in the use of anti-TNF compounds in the 
COIN study5 and the steady increase of anti-TNF volume over 
the years 2006–2014.15

2. Since biosimilars will be cheaper than the originators, we assumed 
that biosimilars will preferentially be prescribed in anti-TNF naïve 
patients, although a subset of patients can be expected to be initi-
ated on a subcutaneous alternative, such as Humira®. We therefore 
assumed that 20% of new anti-TNF users will start on Humira® 
and 80% on infliximab [80% biosimilars and 20% Remicade®].

3. The expert panel expected that, due to price competition, the price of 
biosimilars will be considerably lower than the 2014 price of Remi-
cade®, with a plateau of 40% of the original price reached after 5 years 
and with a minimum of 30% and a maximum of 60%, modelled as an 
exponential decrease [see Figure 1]. This estimate seems to be a reliable 
prediction based on recent pricing of biosimilars in The Netherlands.

Table 2. Model input for the base case scenario, in addition to the general assumptions.

Variable Model input Source/assumption/explanation 

Anti-TNF [use and prices]
Use of anti-TNF compounds 2015–2019 Linear increase of minimum, most likely  

and maximum 1%, 1% and 2%/year  
[modelled as Pert distribution]

Source: expert panel [Supplementary Table 2],5,15; 
resulting in a total increase of minimum, most likely 
and maximum 5%, 5% and 10%, respectively, over the 
simulated period 20152019

Subtype of anti-TNF compounds in new  
anti-TNF users

Humira®: 20%
Infliximab: 80%
Remicade®: 20%
biosimilars: 80%

Assumptions

 Biosimilar price in relation to  
Remicade® price of the year 2014ª

Pert9 [30%. 40%, 60%], and modelled  
as a gradual exponential decrease in price

Source: Supplementary Table 2. The numbers are pre-
sented as the residual percentages of the original price. 
This price reduction was assumed to be quickly reached 
[modelled as an exponential function] after biosimilar 
introduction

 Remicade® price in relation to  
Remicade® price of the year 2014ª

Pert [40%, 50%, 70%], and modelled  
as a gradual linear decrease in price

Source: expert panel [Supplementary Table 1]. This 
price reduction was assumed to be reached linearly after 
biosimilar introduction

 Humira® price in relation to Humira®  
price of the year 2014ª

Pert [40%, 50%, 90%], and modelled as a 
gradual inverse exponential decrease  
in price

Source: expert panel [Supplementary Table 2] . This 
price reduction was assumed to be reached slowly 
[modelled as an inverse exponential function] after 
biosimilar introduction

Remicade® and Humira® users  
switching to biosimilars
  Applicable when biosimilars are less  

than % of the original price
  When this threshold price reduction is 

reached, …% of Remicade® and  
Humira® will switch to biosimilars

Pert [30%, 50%, 80%]

Uniform [80%, 85%], gradually reached

Source: expert panel [Supplementary Table 2]

Hospitalizations and other health care consumptions
Development of hospitalization consumption 
2015–2019

Uniform [0%, 10%] Assuming no [0%] up to moderate decline of maximum 
10% in 5 years’ time5

Development of other health care costs 
2015–2019

No further increase or decrease Assuming other health care consumptions to remain 
stable over the next 5 years. Only price inflation correc-
tion was applied5

TNF, tumour necrosis factor.
ªrices for biosimilars, Remicade® and Humira® were assumed to be highly correlated [r = 0.95].
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4. The expert panel expected Remicade® and Humira® to remain 
more expensive than biosimilars over time. However, the manufac-
turers of these compounds were expected to respond to the market 
entry of biosimilars [price competition] by gradually reducing their 
prices towards 50% of the original price with a minimum of 40% 
and a maximum of 70% in Remicade® and a minimum of 40% 
and maximum of 90% in Humira® [Pert distribution] [concerning 
real purchasing prices]. Humira® prices were assumed to decrease 
more slowly, because no direct competitor of this compound is 
presently available on the market. The expected price develop-
ment of biosimilars, Remicade® and Humira® are depicted in 
Figure 1. In order to account for the fact that prices of biosimilars, 

Remicade® and Humira® are interrelated, the simulated prices 
were modelled to be highly correlated [r = 0.95]. This means that 
when, for example in one of the iterations, the price for biosimilars 
is drawn out of the middle of the underlying distribution, then 
the other two prices will be drawn out of the middle, out of their 
underlying distributions as well.

5. Concerns regarding efficacy and safety of newly introduced bio-
similars caused the expert panel to expect a relative high price 
reduction of 50% [minimum 30% and maximum 80%, Pert dis-
tribution] necessary to induce a switch to biosimilars in anti-TNF 
users. When this threshold price reduction would be reached, a 
minimum of 80% and maximum of 85% [uniformly distributed] 
of anti-TNF users would be expected to gradually switch towards 
biosimilar therapy. Furthermore, it was assumed that in many 
hospitals, switching anti-TNF users to biosimilar therapy would 
be an active process, forced by regulatory arrangements in the  
organization.

6. Hospitalization costs were assumed to decrease gradually over 
time with a minimum of 0 and a maximum of 10% reduction 
compared with the year 2014, modelled with uniform distribu-
tion.

2.5. Sensitivity analyses
One-way sensitivity analyses were conducted to test the robustness 
of our model [see Table 3]. In each analysis, one of the components 
was adjusted relative to the base case scenario, and all other vari-
ables remained unchanged. Parameters that were varied in the sen-
sitivity analyses included: a] a higher market uptake of anti-TNF 
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Figure 1. Expected development of anti-TNF compound prices in 2015-2019 
relative to 2014 prices due to the introduction of biosimilars (base case 
scenario).

Table 3. 

Sensitivity analysis, Nr Assumption/point estimation/distribution Explanation

1] Use of anti-TNF compounds 2015–2019 Most likely increase over 5 years of 10% 
[vs 5%]

Impact of high market uptake anti-TNF compounds 
due to decline in prices

2] Subtype of anti-TNF compounds in new anti- 
TNF users

Humira®: 20%
Infliximab: 80%
Remicade®: 0% [vs 20%]
Biosimilars: 100% [vs 80%]

Impact of new infliximab users to all start with 
biosimilar therapy

3] Biosimilar price in relation to Remicade®  
price of the year 2014

Price difference immediately reached  
[vs gradually]

Impact of immediate maximum price reduction of 
biosimilars

4] Anti-TNF price in relation to Remicade®  
price of the year 2014

Modelled as a range of point estimators 
from 80% to 30% [vs Pert  
[30%. 40%, 60%] for biosimilars, Pert  
[40%, 50%, 70%] for Remicade®  
and Pert [40%, 50%, 90%]  
for Humira®]

Impact of a range in price reduction of anti-TNF 
therapy [including biosimilars, Remicade® and Hu-
mira®], starting with 20% reduction [80% remaining 
of price of originator in 2014] up to 70% reduction 
[30% remaining of price of originator in 2014]

5] Remicade® and Humira   price in  
relation to 2014 prices

100% [vs Pert [40%, 50%, 70%] for 
Remicade® and Pert [40%, 50%, 90%] 
for Humira®]

Impact of no price reductions of Remicade® and 
Humira® after introduction of biosimilars

6] Remicade® and Humira® users switching to 
biosimilars
  6A] Applicable when biosimilars are less than 

…% of the original price
  6B] Applicable when biosimilars are less  

than …% of the original price

95% [vs Pert [30%, 50%, 80%]]

30% [vs Pert [30%, 50%, 80%]]

Impact of physicians switching to biosimilars on even 
a very small price reduction
Impact of physicians only switching to biosimilars on 
a high price reduction

  6C] When the threshold price reduction is 
reached, …% of Remicade® and Humira®  
will switch to biosimilars

  6D] When the threshold price reduction is 
reached, …% of Remicade® and  
Humira® will switch to biosimilars

Uniform [5%, 10%] [vs Uniform  
[80%, 85%]]

Uniform [90%, 100%] [vs Uniform  
[80%, 85%]]

Impact of only a small proportion of patients switch-
ing to biosimilars when the threshold price reduction 
of reached
Impact of a large proportion of patients switching 
to biosimilars when the threshold price reduction is 
reached

TNF, tumour necrosis factor.
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compounds [+10% in 5 years]; b] new infliximab users all starting on 
biosimilars [100%]; c] immediate maximum price reduction of bio-
similars; d] a range of price reductions of anti-TNF therapy [between 
20% and 70%]; e] physicians switching towards biosimilar therapy 
on high or low price reductions of biosimilars [705%]; f] only a 
small, or a large, proportion of patients switching towards biosimi-
lar therapy once threshold prices are reached [5/10%90/100%]; and 
g] Remicade® and Humira® not reducing their prices after biosimi-
lar market entry.

2.6. Outcomes
Health care costs for the reference case, the base case and the different 
sensitivity analyses were presented per CD or UC patient, for the total 
Dutch IBD population, per 100 000 inhabitants for the different years 
[2014–2019] and as sum over the total simulated period of 5 years. 
The differences in health care costs between scenarios and the reference 
case represented the economic impact of the introduction of biosimilars.

3. Results

3.1. Base case compared with reference
In the base case scenario, the introduction of biosimilars for anti-TNF 
resulted in gradual inclining cost savings towards a total of €9,850 
per CD patient and €2,250 per UC patient over the simulated 5 years, 
equalling a 33% and 19% reduction in total costs per patient, respec-
tively [Table  4]. In the base case, the introduction of biosimilars 
yielded total health care savings of €493 million over the total 5 
simulated years after the introduction in The Netherlands, equalling 
a 28% reduction in total costs [Figure 2]. Cost savings reached €2.93 

million per 100 000 inhabitants within the total 5 years. The percent-
age of the mean annual costs of anti-TNF compounds relative to the 
total health care costs declined from 62% to 18%. Detailed results of 
the base case scenario are presented in Supplementary Table 3, avail-
able as Supplementary data at ECCO-JCC online.

3.2. Sensitivity analyses
In Figure 3, a Tornado graph is depicted, including the components 
to which the economic impact of the introduction of biosimilars 
would be most sensitive. The economic impact was influenced 
mostly by price reductions of anti-TNF therapy, but was also sub-
ject to the prescription behaviour of the physician. If physicians 
would switch to biosimilars in case of only limited relative price 
reductions, an additional €121 million could be saved as compared 
with the base case scenario. Conversely, if switching to biosimi-
lars only occurred after large price reductions, cost savings could 
be expected to be substantially lower. The amount of switch-
ing towards biosimilars, once the threshold price reduction was 
reached, would also influence the final economic impact but to a 
lesser extent. Even in the case that price reductions would cause a 
market uptake of biologics of 10% in 5 years instead of a steady 
market growth of 5%, total cost savings over 5 years would reach 
€472 million. Mean total cost savings per alternative scenario are 
presented in Supplementary Table  4, available as Supplementary 
data at ECCO-JCC online.

In Figure  4, a range in potential anti-TNF price reductions is 
depicted with corresponding total cost savings over 5 years for the 
Dutch IBD population. Larger price reductions were associated with 
higher corresponding cost savings.

Table 4. Mean results of the reference [no biosimilars] and base case scenario and simulated differences for the separate years and for the 
total simulated period.

2014 2015 2016 2017 2018 2019 In 5 years [total]

IBD-specific health care costs per CD patient [mean, €]
Reference 5,950 5,960 5,970 5,980 5,990 6,000 29,900
Base case 5,950 5,710 5,010 3,900 2,990 2,450 20,000
Difference - -250 -970 -2,080 -3,000 -3,550 -9,850
IBD-specific health care costs per UC patient [mean, €]
Reference 2,330 2,330 2,340 2,350 2,380 2,360 11,800
Base case 2,330 2,250 2,100 1,870 1,690 1,590 9,500
Difference - -81 -240 -480 -670 -770 -2,250
IBD-specific health care costs per IBD patient [mean, €]
Reference 3,960 3,970 3,970 3,980 3,990 4,000 19,900
Base case 3,960 3,810 3,410 2,780 2,280 1,980 14,200
Difference - -160 -570 -1,200 -1,720 -2,020 -5,700
Health care costs for the total Dutch IBD population [mean, € in millions]
Reference 344 345 346 346 347 348 1,732
Base case 344 331 296 242 198 172 1,239
Difference - -14 -49 -105 -149 -176 -493
Cost difference per 100 000 population33 [mean, € in millions]ª
Difference - -0.08 -0.29 -0.62 -0.89 -1.05 -2.93
Percentage of costs of anti-TNF/total health care costs in IBD patients [mean, %]
Reference 61 61 61 61 61 61
Base case 61 60 55 44 29 18

In The Netherlands, switching from originator to biosimilar is regulated at local level. The health budget is decided on in consultations between insurance com-
panies and hospitals. Local choices regarding prices of biologic therapy are negotiated between hospitals and pharmaceutical companies.

A specification of medians and 90% confidence intervals of the base case scenario can be found in Supplementary Table 3. Reference represents no introduc-
tion of biosimilars for anti-TNF therapy.

TNF, tumour necrosis factor; IBD, nflammatory bowel disease; CD, Crohn’s disease; UC, ulcerative colitits.
ªCalculated for the Dutch population in 2014: 16 829 inhabitants. Costs were rounded to three digits. Of note, negative costs represent cost savings.
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4. Discussion

This study showed that the introduction of biosimilars for inflixi-
mab results in substantial savings for IBD-specific health care costs 
within the first few years. For the Dutch IBD population, total cost 
savings may amount to €493 million within 5 years after the intro-
duction of biosimilars [equalling a reduction in 28% of total health 
care costs and €2.93 million cost savings per 100 000 inhabitants]. 
The economic impact of biosimilars is most sensitive to the factual 
price reductions of anti-TNF therapy, but also depends highly on 
the threshold price reduction from which physicians switch patients 
towards biosimilars, and on the extent to which switching takes 
place once threshold prices are reached.

Over the past few years, multiple different biosimilars have 
been introduced, of which biosimilars for infliximab were the first 
to be approved in the field of gastroenterology.9,16 Price reductions 
between 10% and 35% have previously been observed,9 but actual 

implemented price reductions are uncertain, since data on prices only 
represent ceiling prices. Non-transparent pricing, due to contracting 
with hospitals, can lead to large price fluctuations which will not 
be publicly available.15 Three budget impact studies have recently 
been performed: for biosimilars for infliximab; for the treatment of 
CD in eastern European countries17; for the treatment of autoim-
mune diseases in five European countries18; and for the treatment 
of rheumatoid arthritis in central and eastern European countries.19 
These studies all projected significant cost savings. Concerning east-
ern European countries, it is mentioned17 that the introduction of 
biosimilars may offset the inequity in access to biologic therapy for 
CD between central and eastern European countries. Concerning the 
studies performed in central and Western Europe,18,19 we made some 
methodological choices that are different compared with those of 
the previous models: 1] additional to drug-related costs, we added 
costs for hospitalizations, surgeries, diagnostics and outpatient clinic 
visits; 2] we projected a longer time horizon of 5 years instead of 
1 and 3 years; 3] we added Humira® therapy as a significant mar-
ket competitor; 4] we added price reductions of the originators as a 
response to the introduction of the new competitors; and 5] in con-
trast with previous studies, we did not presume a steady state of the 
potential market for biosimilars. With respect to the latter argument, 
the assumption that the introduction of biosimilars, accompanied by 
a reduction in prices, will only lead to a shift from the use of origi-
nators to biosimilars may not be realistic. We argue that the avail-
ability of lower-priced biosimilar versions of anti-TNF may lead to a 
reappraisal of current treatment algorithms, potentially resulting in 
an increase of top-down strategies in IBD patients.20 Therefore, the 
number of users might increase beyond trend as prices fall.21

In the two previous budget impact studies on biosimilar-infliximab 
market entry,18,19 modest price reductions of maximum 30% were 
modelled. Although we included a range of possible price reductions 
in the sensitivity analyses of our study, our base case scenario was 
based on increasing price reductions towards 60% for biosimilars and 
50% for Remicade® and Humira®. However, it might take time to 
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reach these price reductions, as assumed in our model, so that initial 
price reductions in the first years after the introduction of biosimilars 
are comparable to those of previous studies. Irrespective of considera-
ble differences regarding the design of our study, the main findings are 
fairly similar: the entrance of biosimilars for infliximab is projected to 
cause substantial cost savings for the health care system.

Several assumptions were required in order to simulate our results. 
For example, we assumed the incidence rate of IBD to remain sta-
ble. Furthermore, population ageing was not taken into account. We 
do not expect population ageing to influence IBD-specific health care 
costs within the next 5 years, because the average costs incurred by 
elderly IBD patients are considerable lower than those incurred by 
younger patients.12,22–24 As input in our model, we considered the 
health care costs as calculated in the COIN study representative for 
the domain of our study. Patients of the COIN study were derived 
from seven academic and seven general hospitals, and data were 
obtained during more than 2 years of follow-up. The validity of the 
self-report method used in this study was underscored by our recent 
study, in which we showed that calculated costs are highly concordant 
with data from the electronic patient record.25 Moreover, we previ-
ously assessed the representativeness of the COIN study by perform-
ing a non-responder study and could not detect major differences in 
demographic or disease characteristics between responders and non-
responders.4 Therefore, we believe that these data are largely general-
izable to the whole Dutch IBD population. Furthermore, we assumed 
a decrease in IBD-related hospitalizations over the next few years. 
This assumption is in line with observations from several studies, 
and has been ascribed to an increase in anti-TNF prescription rates.5,7 
The use of anti-TNF compounds was projected to increase with 5% 
over the next few years, extrapolated from an annual increase of 1% 
over 2 years of follow-up in the COIN study.5 This increase may be 
attributed to the fact that a plateau of anti-TNF use has still not been 
reached in IBD.15 We feel that a market uptake up to 13%, as calcu-
lated in previous studies,18,19 might however be overestimated.

Second to the direct effect of price reductions of anti-TNF 
compounds, both the prescription behaviour and the procurement 
policies regarding switching of patients will substantially affect 
total health care costs. In the base case scenario, high price reduc-
tions were required for a physician to switch towards biosimi-
lars. However, once concerns regarding interchangeability, safety 
and effectiveness of biosimilars are eliminated, barriers towards 
switching patients may diminish.26,27 Substitution of originator for 

biosimilar is regulated at the country levela and, due to local budget, 
policies regarding substitution will differ as well.28

In the following years, many biosimilars are expected to enter the 
market.29 Corresponding price reductions may force pharmaceutical 
companies to lower prices of originators and therapies which share 
the market. Substantial cost savings can therefore be anticipated and 
biologics may become available for a larger number of patients. In 
this era of rapidly changing treatment options, the findings of our 
study are highly relevant and may contribute to a better understand-
ing of future developments. Since real purchasing prices of biologics 
and biosimilars are not publicly accessible, the components of our 
model and the corresponding outcomes provide clarity and transpar-
ency on this subject.

Other strengths of this study include the specification of the 
economic impact of the introduction of biosimilars for IBD-related 
health care, including not only costs directly related to the medica-
tion, but also IBD-specific hospitalizations, outpatient clinic visits 
and surgeries. Our model included various aspects of the market 
entry of a biosimilar, including price reductions, the potential market 
uptake, competition with adalimumab therapy, prescription behav-
iour and switching policies. Moreover, as cost savings are presented 
per 100 000 inhabitants, our results can be extrapolated to other 
countries. However, there are limitations to our analysis that war-
rant comment. Our model is founded on several assumptions [e.g. 
for price reductions], resulting in the introduction of uncertainty and 
translating into broad confidence intervals. Furthermore, we did not 
include more infliximab biosimilars that are yet to be introduced, 
the market uptake of novel biologics such as integrin antagonists30 
or the introduction of biosimilars for Humira®, of which the patent 
is due to expire within the next few years.8 The emergence of these 
biosimilars can be expected to cause a similar shift in the cost profile 
in IBD, hence a further reduction of anti-TNF related costs.

In summary, IBD entails a high economic burden to society, 
which is predominantly determined by the use of biologics. The 
introduction of biosimilars for infliximab can be expected to result 
in substantial cost reductions for IBD-related health care. In turn, 
anti-TNF therapy may become available for a larger number of 
patients.

Funding
None.

0

100

200

300

400

500

600

700

20% 30% 40% 50% 60% 70%

M
ea

n 
co

st
 s

av
in

gs
 o

ve
r 

�v
e 

ye
ar

s,
 m

.i.
e.

Price reduction of  anti-TNF compounds
(relative to original prices)

Mean total cost savings in 5 years of the
total IBD population (in millions of
euros)

Average results of the base 
case scenario

Figure 4. Mean cost savings over five years for different price reductions of all anti-TNF compounds. Including equal price reductions of biosimilars, Remicade® 
and Humira®, with the assumption of exponential price decline in biosimilars, a linear price decline in Remicade® and an inverse price decline of Humira®.

Economic Impact of Introduction of Biosimilars in IBD 295

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/11/3/289/2631854 by guest on 24 April 2024



Conflict of Interest
MS has no competing interests. BO has acted as a consultant for AbbVie, 
Takeda and MSD and received payment for lectures from Ferring, MSD and 
AbbVie. AAvB has acted as a consultant for AbbVie, Ferring, MSD-Merck and 
Tramedico, and received payments for lectures from AbbVie, Ferring, Pfizer and 
Takeda. PDS has no competing interests. MJJM has no competing interests.

Acknowledgments
We would like to acknowledge the IBD expert panel for their significant input: 
Herma H.  Fidder, Nofel Mahmmod, Nanne de Boer, Marielle Romberg-
Camps, Paul C.  van de Meeberg, Cees Clemens, Jeroen Jansen, Gerard 
Dijkstra, Dirk de Jong, Bindia Jharap, Cyriel I.  J. Ponsioen, Janneke C. van 
der Woude and Andrea van der Meulen. We would also like to thank Mirthe 

E. van der Valk for building the COIN database.

Author Contributions
Study concept and design: MS, MJJM, BO. Acquisition of data: MS, MJJM, 
BO. Model building: MS, MJJM. Interpretation of data: MS, MJJM, BO. 
Drafting of manuscript: MS. Critical revision of the manuscript: all authors. 
Final approval of the submitted manuscript: all authors.

Supplementary Data
Supplementary data are available at ECCO-JCC online.

References
 1. Burisch J, Munkholm P. The epidemiology of inflammatory bowel disease. 

Scand J Gastroenterol 2015;50:942–51.
 2. van den Heuvel TR, Jonkers DM, Jeuring SF, et al. Cohort Profile: The 

Inflammatory Bowel Disease South Limburg Cohort [IBDSL]. Int J Epide-
miol 2015, Jun 4. pii: dyv088. [Epub ahead of print.]

 3. Ganz ML, Sugarman R, Wang R, Hansen BB, Håkan-Bloch J. The eco-
nomic and health-related impact of Crohn’s disease in the United States: 
Evidence from a nationally representative survey. Inflamm Bowel Dis 
2016;22:1032–41. 

 4. van der Valk ME, Mangen M-JJ, Leenders M, et  al. Health care costs 
of inflammatory bowel disease have shifted from hospitalisation and 
surgery towards anti-TNFα therapy: results from the COIN study. Gut 
2014;63:72–9. 

 5. van der Valk ME, Mangen M-JJ, Severs M, et  al. Evolution of costs of 
inflammatory bowel disease over two years of follow-up. PloS One 
2016;11:e0142481

 6. Tang DH, Armstrong EP, Lee JK. Cost-utility analysis of biologic treat-
ments for moderate-to-severe Crohn’s disease. Pharmacotherapy 
2012;32:515–26. 

 7. Burisch J, Vardi H, Pedersen N, et al. Costs and resource utilization for 
diagnosis and treatment during the initial year in a European inflamma-
tory bowel disease inception cohort: an ECCO-EpiCom Study. Inflamm 
Bowel Dis 2015;21:121–31

 8. European Medicines Agency. Applications for New Human Medicines 
Under Evaluation by the Committee for Medicinal Products for Human 
Use, November 2012. London: EMA, 2012.

 9. Rovira J, Espin J, Garcia L, et al. The impact of biosimilars’entry in the EU 
market. Andalusian Sch Pub Health 2011;30:1–83

 10. Höer A, de Millas C, Häussler B, et  al. Saving money in the European 
health care systems with biosimilars. Generics and Biosimilars Initiative 
Journal 2012;1:120–6. 

 11. CBS StatLine. Consumentenprijzen; Prijsindex 2006  =  100. 2006. 
http://statline.cbs.nl/Statweb/publication/?DM  =  SLNL&PA   
=  71311ned&D1  =  0&D2  =  0,137-138,141142,144&D3  =   
12 ,25 ,38 ,51 ,64 ,77 ,90 ,103 ,116 ,129 ,142 ,155 ,168 ,181 ,194 , 

219,232,245,258,l&HDR = G1,T&STB = G2&VW = T Accessed March 
28, 2016.

 12. Hakkaart-van Roijen L, Tan SS, Bouwmans CAM. Handleiding voor 
kostenonderzoek, methoden en standaard kostprijzen voor economische 
evaluaties in de gezondheidszorg. College voor zorgverzekeringen Geactu-
aliseerde versie. 2010.

 13. Zorginstituut Nederland. Medicijnkosten. http://www.medicijnkosten.nl/. 
Accessed May 31, 2015.

 14. Davis R. Teaching Project Simulation in Excel Using PERT-Beta Distribu-
tions. 2008.i http://pubsonline.informs.org/doi/pdf/10.1287/ited.1080.0013 
Accessed April 19, 2016.

 15. IMS Health [Midas] The Impact of Biosimilar Competition. Danbury, CT: 
IMS Health, 2015.

 16. European Medicines Agency. Biosimilar Medicinal Products Working 
Party.Multidisciplinary: Biosimilar 3. 2014.http://www.ema.europa.eu/
ema/index.jsp?curl  =  pages/regulation/general/general_content_000408.
jsp Accessed April 19, 2016.

 17. Brodszky V, Rencz F, Péntek M, Baji P, Lakatos PL, Gulácsi L. A budget 
impact model for biosimilar infliximab in Crohn’s disease in Bulgaria, the 
Czech Republic, Hungary, Poland, Romania, and Slovakia. Expert Rev 
Pharmacoecon Outcomes Res 2016;16:119–25. 

 18. Jha A, Upton A, Dunlop WCN, Akehurst R. The budget impact of biosimi-
lar infliximab [Remsima[®]] for the treatment of autoimmune diseases in 
five European countries. Adv Ther 2015;32:742–56. 

 19. Brodszky V, Baji P, Balogh O, Péntek M. Budget impact analysis of bio-
similar infliximab [CT-P13] for the treatment of rheumatoid arthritis in six 
Central and Eastern European countries. Eur J Health Econ 2014;15:65–
71. 

 20. D’Haens G, Baert F, van Assche G, et  al. Early combined immunosup-
pression or conventional management in patients with newly diagnosed 
Crohn’s disease: an open randomised trial. Lancet 2008;371:660–7. 

 21. Shapiro RJ. The potential American market for generic biologic treatments 
and the associated cost savings. Nat Biotechnol 2008;26:1.

 22. van der Have M, Mangen M-JJ, van der Valk ME, et al. Effect of aging on 
health care costs of inflammatory bowel disease: a glimpse into the future. 
Inflamm Bowel Dis 2014;20:637–45. 

 23. Smeets HM, de Wit NJ, Hoes AW. Routine health insurance data for scien-
tific research: potential and limitations of the Agis Health Database. J Clin 
Epidemiol 2011;64:424–30. 

 24. Jeuring SFG, van den Heuvel TRA, Zeegers MP, et al. Epidemiology and 
long-term outcome of inflammatory bowel disease diagnosed at elderly 
age - an increasing distinct entity? Inflamm Bowel Dis 2016. Doi: 10.1097/
MIB.0000000000000738.

 25. Severs M, Petersen RE, Siersema PD, Mangen M-JJ, Oldenburg B. Self-
reported health care utilization correlates perfectly with medical records. 
Inflamm Bowel Dis 2016 Mar;22:688–93. 

 26. Sieczkowska J, Jarzębicka D, Banaszkiewicz A, et al. Switching between inf-
liximab originator and biosimilar in paediatric patients with inflammatory 
bowel disease. Preliminary observations. J Crohns Colitis 2016;10:127–32.

 27. Gecse KB, Lovász BD, Farkas K, et al. Efficacy and safety of the biosimilar 
infliximab CT-P13 treatment in inflammatory bowel diseases: A prospec-
tive, multicentre, nationwide cohort. J Crohns Colitis 2016;10:133–40. 

 28. Minghetti P, Rocco P, Schellekens H. The constrained prescription, 
interchangeability and substitution of biosimilars. Nat Biotechnol 
2015;33:688–9.

 29. Pharma. Biosimilars and Follow-On Biologics Report: The Global Out-
look 2009–2024. 2009.https://www.visiongain.com/Report/381/Biosim-
ilars-and-Follow-On-Biologics-Report-The-Global-Outlook-2009–2024 
Accessed March 29, 2016.

 30. Smith MA, Mohammad RA. Vedolizumab: an α4β7 integrin inhibitor for 
inflammatory bowel diseases. Ann Pharmacother 2014;48:1629–35. 

 31. Centre for Information and Standardization for Insurance Companies. 
www.vektis.nl. Accessed February 13, 2016.

 32. Opstelten JL, Oldenburg B. Vektis database. Unpublished data [2016].
 33. Centraal Bureau voor de Statistiek. StatLine Databank. http://statline.cbs.

nl/StatWeb/default.aspx.

296 M. Severs et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/ecco-jcc/article/11/3/289/2631854 by guest on 24 April 2024

http://statline.cbs.nl/Statweb/publication/?DM = SLNL&PA = 71311ned&D1 = 0&D2 = 0,137-138,141142,144&D3 = 12,25,38,51,64,77,90,103,116,129,142,155,168,181,194,219,232,245,258,l&HDR = G1,T&STB = G2&VW = T
http://statline.cbs.nl/Statweb/publication/?DM = SLNL&PA = 71311ned&D1 = 0&D2 = 0,137-138,141142,144&D3 = 12,25,38,51,64,77,90,103,116,129,142,155,168,181,194,219,232,245,258,l&HDR = G1,T&STB = G2&VW = T
http://statline.cbs.nl/Statweb/publication/?DM = SLNL&PA = 71311ned&D1 = 0&D2 = 0,137-138,141142,144&D3 = 12,25,38,51,64,77,90,103,116,129,142,155,168,181,194,219,232,245,258,l&HDR = G1,T&STB = G2&VW = T
http://statline.cbs.nl/Statweb/publication/?DM = SLNL&PA = 71311ned&D1 = 0&D2 = 0,137-138,141142,144&D3 = 12,25,38,51,64,77,90,103,116,129,142,155,168,181,194,219,232,245,258,l&HDR = G1,T&STB = G2&VW = T
http://www.medicijnkosten.nl/
http://pubsonline.informs.org/doi/pdf/10.1287/ited.1080.0013
http://www.ema.europa.eu/ema/index.jsp?curl = pages/regulation/general/general_content_000408.jsp
http://www.ema.europa.eu/ema/index.jsp?curl = pages/regulation/general/general_content_000408.jsp
http://www.ema.europa.eu/ema/index.jsp?curl = pages/regulation/general/general_content_000408.jsp
https://www.visiongain.com/Report/381/Biosimilars-and-Follow-On-Biologics-Report-The-Global-Outlook-2009–2024
https://www.visiongain.com/Report/381/Biosimilars-and-Follow-On-Biologics-Report-The-Global-Outlook-2009–2024
http://www.vektis.nl
http://statline.cbs.nl/StatWeb/default.aspx
http://statline.cbs.nl/StatWeb/default.aspx

