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ABSTRACT
Rheumatoid arthritis (RA) societal 
costs are high because the disease may 
cause not only restricted joint mobility, 
chronic pain, fatigue, and functional 
disability, but also psychological dis-
tress. Direct health care costs represent 
about one-fourth of all costs and are 
prevalently represented by in-patient 
care expenditures. The introduction of 
biologics disease-modifying anti-rheu-
matic drugs (B-DMARDs), has really 
changed the perspectives of the patients 
not fully responding to conventional 
DMARDs, but the direct costs for drugs 
has really modified the expenditure for 
this disease and many other diseases, 
i.e. psoriatic arthritis, spondyloar-
thropathies. Increasing pressure for 
lower cost versions of biological medi-
cines, the scientific technology (par-
ticularly analytical technology) that 
continues to improve will lead to the  
introduction through reverse ingeneer-
ing of biosimilar drugs in rheumatolo-
gy. The hope is to provide cost savings, 
which may broaden access to biophar-
maceuticals and stimulate further re-
search. The need for patients to have 
a biosimilar product, with comparable 
efficacy and safety, will be discussed in 
this paper along with all the possible 
issues that will govern the assessment 
of the bioequivalence and of the inter-
changeability.

Introduction. 
The efficacy of disease-modifying 
anti-rheumatic biological drugs (B-
DMARDs) has been shown over the 
last fifteen years in several trials either 
in rheumatoid arthritis (RA) as well as 
in psoriatic arthritis (PsA) or in spondy-
loarthropathies (SpAs) (1). For many 
of the biologics, Registries have con-
firmed efficacy and in general safety, 
thus stressing their real value in clinical 
practice.
There is no doubt that all the B-
DMARDs have shown efficacy and 

good safety. This applies to TNF (tu-
mour necrosis factor) inhibitors, to IL6 
(interleukin 6-receptor) inhibitors, to cell 
targeting biologics either B-cell  (anti-
CD20) or T-cell targeting (CTLA4-Ig). 
The key point is that all these biologics 
are really expensive and, because of the 
price, not all the patients can be given 
these drugs and in general only those 
with more severe and aggressive dis-
ease will receive such therapies. 
The advent of technologies allowing to 
re-produce these drugs have open new 
avenues and new perspectives in terms 
of chances to care for these patients, 
and this is the reason why many stake-
holders have expressed their interest in 
biologically derived molecules, repro-
ducing the original biologics. The re-
produced drugs are called biosimilars 
and in this term the concept of similar-
ity appears crucial for the patient and 
the health authorities. 

The cost issue – rheumatoid 
arthritis (RA) as the paradigm
A pivotal question when evaluating 
the long term outcome of patients with 
rheumatoid arthritis (RA) is how the 
disease itself evolves over time and to 
what extent new treatments contribute 
to such changes.
Among the RA population of working 
age, high sick leave and work disabil-
ity rates have been found. The work 
disability rates across studies vary im-
portantly and are influenced by a large 
number of socio-demographic and dis-
ease-related factors.
Most studies have used the human 
capital (HC) method to estimate pro-
ductivity costs. With this method the 
overall productivity loss is considered 
as a consequence of a disease, com-
prising loss of income due to work dis-
ability. In real world, indeed, the paid 
production loss is likely lower. In case 
of long-term absence, the work can be 
done by someone drawn from the ranks 
of the unemployed or by reallocating 
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employees in the workplace. These 
considerations have led to the develop-
ment of the friction cost (FC) method. 
The FC-method is based on the idea 
that the production loss, due to a dis-
ease, depends on the time that working 
organizations need to restore the initial 
level of production.
Furthermore, the assessment of a unit 
of productivity loss (such as one hour 
of work, one working day) may be 
based on different sources, such as per-
sonal wages, average national income, 
or the national product (the so-called 
“added value”).
Another aspect of the problem that has 
to be considered is the influence of dis-
ease on loss of household productiv-
ity that is expected to be high, since a 
general RA population predominantly 
includes females and persons of older 
age. This means that global productiv-
ity costs due to RA should be estimated 
from a societal point of view including 
costs of loss of productivity valued by 
the FC-method together with costs due 
to loss of household productivity. Fi-
nally the influences of different sources 
to assess productivity (using the gross 
national wage or the “added value”) 
should also be evaluated (2, 3).
From a pharmacoeconomic point of 
view the elevated acquisition costs of 
TNF antagonists may be a barrier pre-
venting patients with rheumatoid ar-
thritis to benefit from these agents (4).
The prevalence of rheumatoid arthritis 
(RA) is relatively low. It is estimated 
at 0.5–1% worldwide, but the chronic 
course of the disease and its onset rela-
tively early in life lead to a remarkable 
social (and economic) impact.
The RA societal costs are high because 
the disease may cause not only restrict-
ed joint mobility, chronic pain, fatigue, 
and functional disability, but also psy-
chological distress. More than one third 
of patients will be work-disabled within 
10 years after disease onset, making 
productivity losses the predominant 
economic burden of the disease (5).
Direct health care costs represent about 
one-fourth of all costs and are preva-
lently represented by in-patient care 
expenditures.
For example, in Sweden and the UK, 
drugs represent a minor cost: 3–4% of 

total costs and 13–15% of direct costs. 
However, the introduction of “biolog-
ics” in the treatment of RA has modi-
fied the distribution of costs associated 
with this disease (6) and (in Finland) 
the frequency of continuous work dis-
ability (7).
As drug budgets have been increas-
ing, the interesting economic question 
is whether savings in other resources 
will counterbalance the increased cost 
of drugs, or whether overall costs in RA 
will increase. If global costs increase, it 
is important to discern if, together the 
growth of the expenses, an associated 
gain in health can be demonstrated. In 
facts, from a societal perspective, this 
gain justifies additional expenditures 
(4, 8).
This question raises the problem of how 
to make predictions of both costs and 
outcome when no or only limited data 
on the use of such treatments in clini-
cal practice are available, and any as-
sessment must be based on short-term 
clinical trials carried out in selected pa-
tient groups, as it happens in the case 
of rheumatoid arthritis. The key issue 
when performing cost-effectiveness 
analyses of new treatments in chronic 
diseases is that clinical trials are gener-
ally short compared with the duration of 
the disease, and limited data on the use 
of this new treatments in clinical prac-
tice are available. The health and the 
potential economic benefits ascribable 
to new treatments will be evident only 
in long trial period, because the delay of 
the development of functional disabil-
ity will lead to lower levels of resource 
consumption and maintain the patient’s 
ability to work longer. Several studies 
have also shown that patients’ quality 
of life decreases as RA progresses. As a 
consequence, slowing disease progres-
sion can be expected to maintain qual-
ity of life at a higher level for a longer 
period of time (9; 10). Thus a baseline 
algorithm representing disease progres-
sion, resource consumption, and the 
quality of life in patients using current 
treatments is required. The new treat-
ments can be evaluated against this 
baseline within a period of time exceed-
ing that of the clinical trials. Clinical, 
epidemiologic and economic data must 
be combined in economic models.

In fact, economic evaluation implies 
the use of some types of model that of-
ten represent the only way to illustrate 
disease processes and their economic 
impact and to estimate the impact of 
changes in treatment strategies.
Economic evaluations compare treat-
ment strategies in terms of their costs 
and their effectiveness. Results are ex-
pressed as the extra cost for each ad-
ditional “unit of health” gained with 
one treatment strategy compared with 
another.
A disease model that serves as a baseline 
for analysis of the cost-effectiveness of 
new treatments of RA must comprehend 
epidemiologic data, information about 
resource consumption at any disease 
severity level and an efficacy measure 
coming from clinical trials.
Both direct and indirect costs should 
be included in analysis. In the pre-bio-
logic era direct costs were very low, as 
treatment was limited and drugs, both 
conventional DMARDs and NSAIDs, 
are generally inexpensive. Fortunately 
65–70% of the patients still respond 
pretty  well to conventional DMARDs. 
The cost effective analysis therefore 
applies to the most severe 30–35% of 
the whole rheumatoid population.
The cost-effectiveness of anti-TNF 
drugs was investigated by Chen et al. 
by using The Birmingham Rheumatoid 
Arthritis Model (BRAM), a simulation 
model which was designed to produce 
incremental cost-effectiveness com-
parisons, and to test them through ro-
bust sensitivity analyses. The BRAM 
model, which incorporates improve-
ments in quality of life and mortality, 
was applied to twenty-nine randomised 
controlled trials with etanercept, inf-
liximab, and adalimumab. Incremental 
cost-effectiveness ratios (ICERs) for 
first-line use of TNF antagonists as 
monotherapy are of about 50,000 GB 
pounds per quality-adjusted life-year 
(QALY) for etanercept and adalimu-
mab (infliximab therapy looked always 
more costly) (11).
Combining methotrexate and a TNF in-
hibitor as first-line treatment generates 
much higher ICERs as it precludes sub-
sequent use of cheap methotrexate. IC-
ERs for sequential use of methotrexate 
and TNF antagonists do not offer any 
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costs advantage compared with using 
the TNF inhibitor alone (11, 12).
Results were similar in another phar-
macoeconomic review of two cost-ef-
fectiveness and six cost-utility stud-
ies with etanercept, adalimumab, and 
infliximab, although the studies were 
not focused on patients with clinically 
moderate rheumatoid arthritis (13).
Overall costs of TNF antagonists 
look higher than those of traditional 
DMARDs, but TNF antagonists pro-
duced more QALYs. Despite differences 
in study design and assumptions, mod-
elling comparison of TNF antagonists 
with traditional DMARDs consistently 
resulted in ICERs of less than 50,000 
dollars per QALY gained. Through no 
formal cost-effectiveness threshold has 
been established in the U.S. and Europe, 
historically any drug is considered cost-
effective if the ICER is less than 50,000 
dollars per QALY gained. However, 
values as high as 100,000 U.S. dollars 
per QALY gained, as it may sometimes 
happen in sensitivity analyses under cer-
tain assumptions, have also been used to 
justify additional drug spending (13).
The most difficult issue when results 
from short-term trials are extrapolated 
to the longer term is the assumptions 
made for treatment continuation, as no 
data are available. The only possibil-
ity (coming exclusively from the eco-
nomic models) is to use the results for 
the period during which trial data are 
available and estimate the effect of the 
benefit achieved within the trial car-
ried over to a longer period, including, 
however, a potential loss of effect at 
treatment discontinuation.
A complete econometric model was 
constructed on anti-TNF drugs by 
Brennan and co. in 2007; in this paper  
the cost-utility of TNF-antagonists (in-
fliximab, etanercept and adalimumab) 
as a class compared with conventional 
DMARD therapy (e.g. hydroxychlo-
roquine, methotrexate, intramuscular 
gold, sulphasalazine and leflunomide) 
using a decision analytic model popu-
lated by BSRBR (British Society for 
Rheumatology Biologics Registry) 
data, with a time horizon over the full 
patient lifetime was evaluated (14).
The aim of this study was to answer 
two main questions:

i. If the current pattern of TNF-anta-
gonist use should be considered 
cost-effective when compared with 
conventional DMARDs

ii. If the strict adherence to the guid-
ance from NICE (National Institute 
for Health and Clinical Excellence) 
and the BSR are consistent with the 
cost effectiveness of TNF-antago-
nist therapy.

Evidence on subsidiary questions con-
cerning cost-effectiveness in subgroups 
and for sequential anti-TNF-therapy 
was also examined. The results for ana-
lysing current UK practice with TNF-
antagonist therapies showed an esti-
mated discounted mean lifetime cost 
of nearly £58 000 on TNF-antagonist 
therapy vs. around £21 000 on conven-
tional DMARDs. The mean incremen-
tal cost of around £37 000 achieved an 
estimated mean discounted QALY gain 
of 1.5583 over a lifetime. The incre-
mental cost per QALY gained was es-
timated at £23.882. This is around the 
range that has previously been consid-
ered acceptable by NICE. The Proba-
bilistic Sensitivity Analysis (PSA) for 
examining uncertainty confirmed this, 
showing an 84% probability of being 
cost-effective at a £30 000 threshold.
If the 2001 NICE guidelines were 
strictly adhered to, and EULAR non-re-
sponders were withdrawn from therapy 
at 3 months, practice would be margin-
ally more cost-effective (£22 000 per 
QALY gained), but with a reduction in 
mean lifetime costs in the TNF-strategy 
of 7% (around £4000).
Finally, sequential therapy with two 
TNF-antagonists appears to have the 
same order of cost-effectiveness as sin-
gle therapy.
Summarising the evidence so far avail-
able, the efficacy, safety, and quality 
of life advantages of TNF antagonists, 
compared with traditional therapies 
of rheumatoid arthritis, support using 
TNF antagonists (and other biodrugs) 
more often than today, including possi-
bly in patients with clinically moderate 
disease. 
To this end, biosimilar drugs that 
through a reverse engineering process 
should cost less than the originators, are 
currently under strict pharmacological 
and clinical scrutiny.

What is the biosimilar and at 
what level of evidence is it 
interchangeable with the originator? 
The European Medicines Agency 
(EMA) wording is “Similar Biologi-
cal Medicinal Products Containing 
Biotechnology-Derived Proteins“. A 
biosimilar is a biological product that  
is highly similar to the reference prod-
uct, with possible minor differences in 
clinically inactive components but with 
no clinically meaningful differences 
between the biological product and the 
reference product (originator) in terms 
of safety, purity, and potency of the 
product. When this occurs there should 
be bioequivalence and interchangeabil-
ity. Therefore structural and functional 
characterisation, animal studies, phar-
macokinetic (PK) and pharmacody-
namic (PD) studies in humans, clinical 
immunogenicity and clinical knowledge 
are all necessary to accept the concept 
that a “highly similar” product is really 
“biosimilar”. 
Biological originator medicines (bio-
logics) are generally complex mole-
cules, in general large proteins, and on 
this ground they can really be difficult 
to fully characterise. This is the reason 
why it may be a real challenge in terms 
of starting material, manufacturing 
process, and methods of control to re-
produce a biologic drug thus creating a 
structurally identical molecule. 
The FDA requires that the application 
for a biosimilar should be based upon  
analytical studies demonstrating that the 
biological product is “highly similar” to 
the reference product, on animal studies 
(including the assessment of toxicities) 
and on a clinical study (or clinical stud-
ies) including the assessment of immu-
nogenicity and pharmacokinetics (PK) 
or pharmacodynamics (PD)) that are 
sufficient to demonstrate safety, purity, 
and potency in one or more appropriate 
conditions of use for which the refer-
ence product is licensed. 
EMA requires comparative efficacy 
clinical trial, to show clinical compara-
bility and immunogenicity assessments 
and risks in different indications. 
Certainly the concept of the “biosimi-
lar” is completely different from the 
“originator” product. The originator 
had to show the different mode of ac-
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tion, the clinical efficacy, the immedi-
ate and long-term safety profile. The 
“biosimilar” has to demonstrate that it 
is biosmilar. The concept that even an 
aminoacid substitution or difference 
renders the molecule “not-biosimilar” 
is of absolute importance, yet many 
biologics are antibodies, therefore pro-
teins that underwent post-transcription-
al modification. They are produced by 
mammalian cell lines and depending on 
the clone and production process, mi-
cro-variation like asparagine de-amida-
tion or iso-aspartic acid isomerisation 
may occur, and can impact both the 
3D-structure and the antigen binding 
properties (15). As such they will un-
likely to be structurally totally identical 
in terms of tolerability, immunogenicity 
and safety that have to be fully proven 
in formal studies. Therefore even trials 
have to be designed in a totally different 
manner. With this in mind, non-clinical 
and clinical studies should aim, through 
sensitive end-points, to show the clini-
cal bioequivalence.
Once the biosimilarity is demonstrated 
the product should produce the same 
clinical results as the originator, and 
along this line even safety and reduced 
efficacy risks of alternating or switch-
ing should not be greater than with re-
peated use of the originator drug. This 
can be summarised as biosimilarity and 
bioequivalence. 
If this is true then interchangeability 
will be possible. If the product is in-
terchangeable then the biosimilar can 
substitute for the originator without the 
authorisation of the health care provid-
er. At this point the biosimilar is inter-
changeable. Substition of an originator 
with a biosimilar should be defined at a 
state level and following the opinion of 
a qualified health professional.
Several other issues ensue when the 
interchangeability is in place, and this 
includes (for recombinant proteins) that 
the tolerability of the combination with 
conventional drugs (methotrexate, leflu-
nomide, antimalarials, etc.) is the same, 
that it may be possible to extrapolate 
therapeutic similarity to other indica-
tions, that it will be possible to apply the 
indications in pediatric illnesses, etc.
Up to now at least three biosimilars are 
in progress in some countries and in 

the process to be tested in the western 
world, i.e. etanercept, infliximab and 
rituximab.

Cost saving is real with biosimilars
The real advantage of biosimilars when 
compared to the originators is the cost 
saving. This has been shown to be real 
in the erythropoietin (EPO) market. It 
has been estimated that the projected 
saving in Germany by 2020, will be 
around 8 Billion Euros (Schneider KK, 
EMA – CHMP Biosimilar Working 
Party, personal communication 2012). 
This means a real chance of increasing 
the access to the patients.

Warnings
If the biosimilar is truly interchange-
able with the originator (interchange-
ability means that a pharmacist can 
substitute the “originator” with the “bi-
osimilar” without intervention of the 
caring physician), no adverse reactions 
should occur when switching from the 
“originator” to the “biosimilar”. It has 
recently been reported that a “rituxi-
mab” biosimilar  has produced anaphy-
lactic reactions after the patients were 
switched to the biosimilar in Mexico 
and this raises the real issue of what 
should be the real definition of the bi-
osimilarity and of the bioequivalence 
in terms of safety (16).

Conclusion
To summarise for any biosimilar, the 
bioequivalence should be demonstrated 
in clinical trial (s), the immunogenicity 
has to be tested, the PK in humas is a 
necessary analysis, and safety must be 
assessed thoroughly to definitely ac-
cept the “bio-identity” and as such “the 
biosimilar interchangeability” of any 
molecule (17-20).
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