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Abstract 
Rare diseases include a whole range of diverse, chronic, 
usually genetically determined diseases, which have one 
aspect in common - a very low incidence rate (5 cases 
per 10,000 people). It is estimated that currently approx. 
7,000 rare diseases have been identified; they may af-
fect approx. 30-40 million (6-8%) European Union citi-
zens. These diseases are life-threatening, cause a chronic 
health loss and cachexia, they lead to irreversible changes 
in body cells and organs. They also significantly deteri-
orate the quality of life, cause chronic and degenerating 
disability. In the case of thousands of rare diseases no 
drugs, therapies or even good clinical practice guidelines 
are available. Innovative pharmacological treatment is 
available only in few of them.

Such products are usually very expensive, what is usually 
justified with high cost of research, difficulties in con-
ducting the clinical trials and a small number of patients. 
Extremely low patient numbers mean that often only 
Phase 1/2 trial data are available.  Combined with high 
costs of treatment, these evidence challenges result in es-
timates of cost-effectiveness that are subject to a greater 
degree of uncertainty.

The Quality Adjusted Life Year (QALY) is a recognized 
metric used by health economists to evaluate innovative 
treatments which takes into account both the quanti-
ty and quality of life. Being the most rigorous method-
ological tool for assessing new technologies, the QALY 
methodology presents a number of limitations in its ap-
plication, especially in the context of orphan drugs. This 
indicates for necessity of searching alternative methods 
of evaluating rare diseases and orphan drugs.

Introduction
Pneumococcal Rare diseases are life-threatening condi-
tions or conditions which cause a chronic loss of health. 
These diseases deteriorate quality of life, often cause 
chronic disability and cachexia and make it impossible 
for patients to function normally. Most rare diseases are 
genetic disorders (estimated at approx. 80%, they apply to 
3% – 4% births).[1]  Rare diseases include most metabol-
ic disorders and congenital defects, many types of neo-
plasms, including all neoplasms affecting children (can-
cer is diagnosed in one in 500 children under 15 years of 
age).[2,3]

The World Health Organization defines rare diseases as 
all pathological disorders affecting 0.65–1 in 1,000 citi-
zens.[4] According to the definition used by the Europe-
an Union, the incidence of a rare disease is not greater 
than 5 in 10,000[5], the definition adopted in the USA in-
dicates that there are less than 200,000 affected Ameri-
cans (translating to a prevalence of 86 per 100 000 at that 
time)[6], in Japan there are 3.9 in 10,000 affected patients 
nationwide. In Australia and Canada this number of pa-
tients is defined as ~1 in 10,000.[7,8] Ultra-rare diseases are 
a subgroup of rare diseases. There is no generally accept-
ed international or EU definition of ultra-rare diseases. 
In the UK this term is used to indicate a condition which 
occurs in less than 1,000 patients nationwide, in the USA, 
when the total number of patient does not exceed 10,000, 
and in Poland it is considered that we can speak of such a 
condition in the case of less than 750 diagnosed cases.[9,10]

In the case of thousands of rare diseases, no drugs, ther-
apies or even good clinical practice guidelines are avail-
able. In most cases it is not related solely to scientific or 
medical difficulties in treatment of rare diseases. First 
reason is connected with a difficulties in conducting clin-
ical trials. The second one - with the lack of interest of the 
pharmaceutical industry in the development of innova-
tive methods of treatment.[11]

The determinants of progress of contemporary medicine 
and achievements of the turn of the 20th and 21st century 
are innovative technologies, including biotechnological 
molecules obtained by way of genetic engineering, which 
replace or complement endogenous proteins and ¬make it 
possible to treat many diseases which in the past were in-
curable. Such therapies are usually not only expensive in 
general, but also in most cases very expensive in relation 
to the health benefits they offer.

It is not the interventions which are very expensive but 
offer a very significant clinical benefits that constitute 
an ethical dilemma. It is the interventions which are very 
expensive in relation to the very slight clinical benefits 
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they offer and which, in other words, are not cost-effec-
tive, that are the problem. That is when we are faced with 
an ethical challenge – should we be paying for treatment 
which often doesn't prolong the patients' life, doesn't im-
prove quality of life in high level and does not stop the 
progression of the disease?  When clinical benefits are 
not significant but a very little? After all, due to the lim-
ited financial resources, each decision to pay for such 
treatment results in the need to refrain from treatment 
of other patients.

Treatment with orphan drugs is either expensive (when 
compared to treatment with innovative oncology drugs 
used in common diseases) or very expensive, which the 
manufactures usually justify with high cost of research 
and a small number of patients. Treatments for very rare 
conditions represent a specific challenge to payers. Ex-
tremely low patient numbers mean that often only Phase 
I/II clinical trial data are available, and that natural his-
tory, quality of life and resource use data are limited. 
Combined with high costs of drug, these evidence result 
in estimates of cost-effectiveness in the context of uncer-
tainty. For example, imiglucerase, an enzyme replace-
ment therapy to treat Gaucher’s disease, might cost as 
much as $400 000 USD per year for an adult patient.[12]

A drug that treats paroxysmal nocturnal hemoglobin-
uria, eculizumab, can cost up to US $500,000 per patient 
per year.[13] Kalydeco, used to treat a subpopulation of 
cystic fibrosis patients, exceeds $300,000 USD per year 
per patient.[14] Yearly costs of treatment per patient in ly-
sosomal diseases in Poland can exceed 2 million PLN.

Innovative drug treatment
Today, in the era of rapid development of science and 
medicine, many orphan drugs are molecules obtained by 
biotechnological processing, e.g. proteins created using 
genetic engineering in living organisms, e.g. bacteria or 
mammalian cells such as Chinese hamster ovaries. It is 
clear that the cost of production in the case of such inno-
vative drugs can be significantly higher than in the case 
of a purely chemical substance. From the perspective of 
pharmaceutical companies, the need to obtain a return 
on investments made in the research and development as 
well as the registration process in the narrow market for 
orphan drugs results in the drug's high price.[15,16] To put 
it simply, the costs incurred must be returned despite the 
small number of patients. For the pharmaceutical indus-
try, undertaking the development of an orphan drug is 
a huge challenge, in particular in regular market condi-
tions. The incidence of certain diseases is extremely rare, 
and thus the market of potential patients very small; on 
the other hand, costs of developing a molecule, preparing 
a protocol and trials, designing animal models, pre-clin-
ical and clinical trials, monitoring and introduction into 

the market (including marketing and educating doctors) 
are exorbitant. The companies face the risk that the funds 
which were invested will not be returned by way of the 
expected sales.[15,16]

Lack of interest in investing in research in the area of or-
phan drugs is not only due to the aforementioned high 
R&D and the small target group, but also the lack of 
knowledge of the pathology and diagnosis of such dis-
eases, lack of pre-clinical trials, as well as lack of patients 
eligible for trials. All that results in the situation where 
this area attracts little interest on the part of clinicians 
and scientists, it is also difficult to secure adequate fund-
ing for research on the pathogenesis, diagnosis and the 
subsequent financing.[15,16]

Clinical trials relating to rare diseases must meet the 
same standards as in the case of common diseases.[17] The 
results obtained must not only be accurate and reliable, 
but also representative of the entire population with the 
condition in question. This means that results of a trial 
involving several dozens or even several hundred people 
translate into the entire population with a given disease.  
In case of diseases occurring "commonly" it is usually not 
problematic to gather the necessary population which 
would participate in the trial. However there are diseas-
es which are so rare that enrolling the required popu-
lation to the trial is impossible. A good case in point is 
hyperammonemia due to N-acetylglutamate synthetase 
deficiency – over the course of a 20-year period (from 
1980 to 2001) researchers managed to identify only 42 
patients from 28 families.[18] Nevertheless, the US Food 
and Drug Administration (FDA) registered the product, 
Baxter Protein C, on the basis of a trial conducted on 
18 patients with severe congenital protein C deficiency, 
and in the case of CSL fibrinogen – only 14 patients with 
afibrinogenemia were enrolled into the trial.[19] In 1996 
European Medicines Agency (EMA) granted a marketing 
authorisation (and renewed it in 2001) to Novoseven on 
the basis of a trial conducted on 32 patients with hae-
mophilia and factor VIII deficiency treated in 28 loca-
tions in 6 countries in the course the years 1988-1999.[20]

Marketing authorisation testifies to the pharmaceutical 
quality and adequate risk to benefits ratio of the therapy. 
However, practice shows that registration rules are less 
stringent for orphan drugs. One example might be amin-
opyridine used in Lambert–Eaton myasthenic syndrome 
(incidence: 1:100 000), for which the manufacturer did 
not have to conduct new clinical trials and could rely on 
historical data, which often came from research financed 
from public funds. And thus the clinical evaluation was 
based solely on a literature review.[21] Studies analysing 
registration documents indicate that only approximately 
60% of orphan drugs were evaluated by way of RCTs.[22]

Development of an innovative drug, starting with the 
initial discovery of a promising molecule to the final in-



4

troduction of a drug to the market is a very costly and 
lengthy process. The ultimate goal is of course to identi-
fy a molecule which has the desired effect on the human 
body, to determine its quality, safety and efficacy in the 
treatment of patients.[23] This requires a confidence that 
treatment will improve the patients' quality of life and not 
only treat the underlying disease but also not to be the 
cause of serious adverse events. The entire process is very 
costly and time-consuming. Introduction of one new drug 
to the market was a cost of approx. USD 800 million in 
2000. According to the FDA, an average of 12 years passes 
from the experimental stage of the drug to its introduction 
into the market. Every year in North America and Europe 
pharmaceutical companies invest over USD 20 bn in re-
search on new drugs.[24]

According to the DiMasi et al research (2016) the esti-
mated average out-of-pocket cost per approved new com-
pound is $1,4 bln (2013 dollars) and the capitalized costs 
to the point of marketing approval is $2.6 bln (2013 USD). 
Adding an estimate of post-approval R&D costs increases 
the cost estimate to $2,8 bln (2013 dollars).[25] And total 
capitalized costs were shown to have increased at an annu-
al rate of 8.5% above general price inf lation. What is im-
portant, out of 5,000 compounds which enter the stage of 
pre-clinical trial, on average only five are tested on human 
subjects and only one of those five compounds will be 
registered as a therapy. It is also not surprising that while 
the manufacturing costs increase, the absolute number of 
newly approved drugs has been steadily declining for sev-
eral years. The rising costs of developing and testing drugs 
as well as stricter controls of the manufacturing process 
constitute a significant problem, either for the pharma-
ceutical industry and for the patients, who are desperately 
waiting for new drugs.[24]

It is also worth emphasising that research on rare diseases 
has proved to be very useful in getting to know the mech-
anisms behind common conditions such as obesity and 
diabetes, as these diseases constitute a model of disorders 
of a given biological pathway.

As already mentioned, research on such drugs is not con-
ducted on a large scale not only due to the biotechnolog-
ical and medical difficulties, but mainly due to the lack 
of interest of pharmaceutical companies. It is only logical 
that corporations are more likely to invest in the develop-
ment of drugs for common diseases which can be used by 
millions of patients than to search for a molecule which 
could help only a handful of patients.  

Given all this into account, various incentives taking the 
form of relieves, pre- and post-registration assistance pro-
grammes for orphan drugs have been in introduced since 
the beginning of 1980s (USA 1983, Japan 1993, Austra-
lia 1998, UE 2000). These incentives can be divided into 

three basic groups[8,26)]: market marketing exclusivity for 
the production and sale of the drug (7 years in the USA,  
10 in the EU and Japan); tax relieves, exemption from reg-
istration fees and subsidies for research; simplification 
and streamlining of registration procedures.

The above-listed solutions were to improve access of pa-
tients suffering from rare diseases to highly innovative 
treatment. This was to be achieved by way of stimulating 
research through conveniences directed at manufacturers 
of orphan drugs and indeed these practices turned out to 
be an undoubted success. In the 18-year period when the 
provisions have been in force (in the years 2000-2018), 
EMA received 3210 applications regarding molecules ap-
plying for orphan drug designation, which are undergoing 
more or less promising clinical trials.

At the end of 2018 the orphan drug designation (positive 
qualification of the application and the possibility of using 
privileges) was granted to 2121[27] drugs used in the whole 
spectrum of diseases, such neoplasms, metabolic, immu-
nological, cardiovascular and respiratory disorders, however 
they are still subject to clinical trials (it should be noted that 
clinical trials are a lengthy process). Marketing authorisation 
was granted during this time to 164 new orphan drugs (some 
of them were registered in several indications) intended for 
treatment of dozens of different life-threatening or debilitat-
ing rare diseases(27). According to EMA criteria, currently 
(as of February 2020), 1131 innovative drugs are registered 
(of which only 129/ 11% are orphan drugs). Only in 2018 
central registration was granted to 93 innovative drugs (in 
which: 22 orphan drugs).

Many of those drugs are intended for patients, whom ei-
ther had no treatment options or who can enjoy additional 
benefits which were not offered by previous therapies.

In 2014 a product for treatment of Duchenne muscular 
dystrophy (DMD) and erythropoietic protoporphyria, a 
rare genetic disease causing intolerance to light was reg-
istered. The first treatment based on stem cells was also 
registered in 2014. Of the 129 orphan drugs, many of them 
are dedicated to patients suffering from rare diseases, for 
whom treatment was either unavailable or very limited.  
Forty four of the drugs (34%) are categorized as antineo-
plastic and immunomodulating agents and 31 (24%) re-
f lects to alimentary tract and metabolism diseases.

This demonstrates that despite the issues related to rare 
diseases, in recent years many pharmaceutical companies 
have decided to invest in orphan drugs. Some of them do 
so due to corporate commitments and the willingness to 
develop their portfolio, some were created with the inten-
tion to focus solely on rare diseases, sometimes the en-
tire venture consists in the work on one scientific project. 
Generic competition, expiring patents, progress of genet-
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ic engineering all motivate entities to search for market 
niches, and rare diseases are most definitely that. All 
manufacturers benefit from the incentives offered by the 
EU and, as already mentioned, hundreds of orphan drugs 
are currently being developed.

Furthermore, FDA can grant orphan drug designation 
to popular substances which have long been used in 
the treatment of once common communicable diseases 
which in developed countries are currently considered 
rare diseases. This applies i.a. to antibiotics used to treat 
tuberculosis - rifampicin and rifapentine or halofantrine, 
mefloquine and quinine sulfate in treatment of malaria. 
Additionally, an analysis of the health technologies which 
are being registered can indicate that there is a tendency 
to divide common diseases into subtypes which are then 
qualified as rare diseases. In other words, artificial subsets 
of one disease are created and then they constitute indi-
vidual indications for rare diseases. This is particularly ev-
ident in oncology - an increase in stratification of patients 
results in identification of orphan diseases within larger 
neoplastic indications (e.g. melanoma with a BRAF muta-
tion, non-small cell lung cancer with ALK translocation, 
etc.). There is no doubt that in such cases the exorbitant 
prices of therapies are completely unjustified.

Effectiveness of treatment 
of rare diseases
Most decisions made by the regulatory agency granting 
marketing authorisation to orphan drugs are based on 
giving the drug the benefit of the doubt.[28] The quality, 
safety and efficacy of the orphan drug is verified during 
the examination of the marking authorisation applica-
tion. The drug is usually compared to placebo or pal-
liative care (best supportive care). However, due to the 
small number of patients participating in clinical trials, 
high-quality evidence on the clinical added value of the 
orphan drug (i.e. improved action as compared to the ex-
isting treatment options) is rarely available at the time the 
marking authorisation application is submitted.[29]

The available evidence indicates that not all innovative 
health technologies used in treatment of rare diseases are 
characterised by high efficacy. There are a few rare dis-
eases where early pharmacological treatment brings very 
good results. The patients are able to function almost nor-
mally, their overall survival is prolonged and their qual-
ity of life improves. Such diseases include cystic fibrosis 
and haemophilia. In the last half-century, the time of life 
was extended by over 30 years in the case of both of these 
diseases. When cystic fibrosis was first described in 1938, 
the median survival was 6 months and increased to 12 

years in 1970; today patients receiving comprehensive and 
systematic treatment can live to up to 35 years of age.[30]

Treatment of haemophilia is also an example of the ex-
traordinary progress made by contemporary medicine. 
Since treatment with plasma-derived factor VIII and IX 
was introduced in the 1960s, the average life expectan-
cy of haemophilia patients increased from 30 years in 
the 1960s to the standard life expectancy of an average 
healthy citizen.[31,32] Furthermore, a study conducted on 
haemophilia patients in the Netherlands demonstrated 
that in 1991 patients who were subjected to clotting factor 
therapy remained employed on average 17 years longer 
than untreated patients. It was also showed that the cost 
of hospitalisations in an untreated patient can amount to 
EUR 100,000 annually.[31] Also Gaucher's disease (Type 1), 
if diagnosed early on and properly treated, is not an ob-
stacle on the patient's way to leading a regular life. D-pen-
icillamine, used successfully for many years to treat Wil-
son's disease, or chenodeoxycholic acid used in treatment 
of cerebrotendinous xanthomatosis offer good prognoses.

At the same time a number of innovative and very ex-
pensive drugs, used in particular in rare diseases, have 
limited efficacy and safety evidence. This is mainly re-
lated to their brief presence on the market and lack of 
long-term studies. Basing on the available evidence it can 
be concluded that these therapies, compared to placebo, 
have demonstrated efficacy in reference primarily to such 
endpoints as the ability to move (an extra 40 meters) and 
a slight improvement in expiration and biochemical pa-
rameters, reduction of organomegaly.[33] Those drugs are 
usually not capable of penetrating the blood-brain barrier 
and thus one shouldn't expect an inhibition of neurolog-
ical progression of a disease once it has already occurred. 
We could expect patients to experience positive impact on 
the somatic functions, but not the existing and progres-
sive neurological impairment. There is also no evidence 
on the extent to which secondary endpoints (biochemical 
parameters, improved pulmonary function or mobility) 
translate into clinically significant therapeutic effects, 
such as survival or mortality in a long-term observation 
period. Few studies and small populations included in 
the trials (which is justified by the small incidence of the 
disease) indicate that one should approach the obtained 
results carefully and draw conclusions very cautiously.

Because contemporary biotechnology and medicine are 
developing rapidly, the latest advanced therapies are 
emerging. Advanced Therapy Medicinal Products are the 
alternative for chemical entities or biological biotechno-
logical origin molecules. These medicinal technologies  
are based on cells, tissues or genetic modification. In 2018 
National Health Service (NHS) England has announced 
that first children with cancer to begin treatment with 
revolutionary chimeric antigen receptor T-cell (CAR-T) 
immunotherapy. CAR-T therapy is specifically developed 
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for each individual patient and involves reprogramming 
the patient’s immune system cells which are then used to 
target their cancer. The Tisagenlecleucel form of CAR-T, 
is the first in a wave of treatments in a new era of person-
alised medicine and part of the NHS’s long term plan to 
upgrade cancer services.[34]

CAR-T, unlike other forms of treatment, therapy is specif-
ically developed for each individual patient and involves 
reprogramming the patient’s own immune system cells 
which are then used to target their cancer.[34] It has been 
shown in trials to cure some patients, even those with ad-
vanced cancers where other treatments have failed.[35]

The FDA and EMA approval for CAR-T was based on 
data from a phase II global trial in which 75 pediatric and 
young adult B-ALL patients received tisagenlecleucel, 
demonstrating safety, feasibility and biological response, 
with overall remission rate within 3 months in 81% of pa-
tients, and event-free survival rates of 73% and 50% at six 
and 12months, respectively.[35]

Much more conclusions could be drawn on the basis of 
registers and observational studies which may be indic-
ative of the therapy's actual effectiveness, but in the case 
of most such therapies, the number of such studies is very 
limited, and thus it is very difficult to draw conclusions. It 
should also be pointed out that the available scientific ev-
idence suggests that not all patients can benefit from such 
therapies – certain subtypes within individual diseases 
can be more responsive to treatment, and thus actual ther-
apeutic effects can be expected only in some patients.[33]

 

Economic aspects of 
financing treatment of 
rare diseases
 
The purpose of HTA is identifying reliable information 
about the safety, efficacy and cost-effectiveness of a ther-
apy and providing information on whether treatment 
should be financed in the health care system, and if so, 
for which patients (often only for defined subpopulations 
within a subtype of the disease in question). As well as 
how long should patients receive such treatment?

When considering the possibility of reimbursing and 
financing new therapies, payers and decision-makers, 
being aware that healthcare budgets are limited, wish to 
pay only for effective and safe therapies and not to ex-
ceed their financial discipline/budget. Innovative tech-
nologies which have not been present on the market 
long must be faced with particularly high requirements.  

The fact that a drug was granted marketing authorisation 
in not tantamount to it being a biotechnological break-
through. Very often at the stage when a product applies 
for reimbursement, more evidence on the effectiveness of 
the drug is available, thanks to which uncertainty of esti-
mates is much smaller.

Reimbursement of drugs used in treatment of rare diseas-
es is not uniform across the EU, as it is the case with other 
innovative therapies or even commonly used treatments. 
Reimbursement decisions regarding orphan drugs are 
usually subjected to the same assessment as other health-
care services, including a pharmacoeconomic analysis 
based mainly on the cost-effectiveness analysis.

Practice shows that not all orphan drugs can be consid-
ered innovative. Orphan drug designation can be grant-
ed to a substance which is well known and already used, 
provided that the MAH (marketing authorisation holder) 
indicates new, rare and yet unregistered therapeutic in-
dication. This is illustrated very well by the previously 
mentioned example of aminopyridine used in Lambert–
Eaton myasthenic syndrome registered as an orphan 
drug. This drug, which has excellent safety profile data, 
was manufactured by a small company and available to 
patients for many years, and the annual cost of treatment 
was approx. GBP 800. The slightly modified molecule 
has been registered under the trade name Firdapse by 
a large biotechnological corporation as an orphan drug 
and its price has risen 50-70 times. The annual cost of 
treatment per patient was GBP 40,000 - 70,000.[36] A sim-
ilar scenario was played out with regard to the follow-
ing molecules: N-carbamylglutamate (carglumic acid) in 
hyperammonemia, sodium phenylbutyrate in treatment 
of patients with urea cycle disorders, caffeine citrate in 
the treatment of apnea in preterm infants, nitric oxide 
in pulmonary hypertension, arsenic trioxide (arsenic) in 
second line treatment of acute promyelocytic leukemia. 
In 2004 EMA granted orphan designation to ibuprofen 
(for the treatment of patent ductus arteriosus in preterm 
infants). Ibuprofen administered orally as an analgesic 
costs GBP £0.08 per gram, while the orphan drug admin-
istered orally costs GBP 6,575 per gram.[37] In 2012 a drug 
called Glybera (alipogene tiparvovec) received marketing 
authorisation. This therapy was the first ever gene thera-
py to be officially registered for use; it is intended to treat 
an ultra rare disease which affects 1–2 people in a million 
(lipoprotein lipase deficiency) and it is the most expen-
sive drug in history. The cost of treatment per 1 patient 
(Glybera has marketing authorisation only for a single 
use) amounts to approx. EUR 1.2 million for one year 
dose.[38]  Glybera was withdrawn from market in 2018 due 
to high patients exclusion criteria and the fact, that it was 
only reimbursed in Germany and Italy.[39]

In Poland, the Act on reimbursement in force since Janu-
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ary 2012 introduced transparent rules and guidelines re-
lating to the procedure of assessing and financing drugs 
from public funds. Pursuant to provisions of the Act, the 
MAH is obliged to prepare the full pharmacoeconomic 
dossier (health technology assessment - HTA - reports) 
on the drug which is the subject of the application and 
provide it to the Minister of Health. Orphan medicinal 
products are subject to the same procedure for assessment 
and determination of the price as all other drugs, the leg-
islator did not set the requirements as more or less strin-
gent in any way.

Marketing authorisation and HTA have different remits 
and answer different questions, even if they base their 
answers on common evidence (e.g. pivotal clinical trials). 
Marketing authorisation assesses the quality, safety and 
efficacy of an individual product. It’s granted if a new 
product has a positive benefit-risk ratio in the sense that it 
is efficacious and its safety profile is acceptable.[40]

By contrast, the clinical part of HTA assesses the added 
clinical value of a product, i.e. its relative effectiveness and 
relative safety compared to one or more existing products 
(or other health interventions) ref lecting the standard of 
care. HTA therefore reviews and uses a broader evidence 
base than the assessment for marketing authorisation.[40]

HTA will therefore review additional studies on other rel-
evant pharmaceuticals/interventions and consider wheth-
er and how this additional evidence can be assessed (e.g. 
via indirect comparisons or network meta-analysis ap-
proaches).[40]

Reimbursement systems are designed to identify methods 
of financing drugs from public funds, in particular tak-
ing into account the given State's financial capacities, i.a. 
the GDP and the funds allocated to healthcare in general. 
These requirements differ dramatically between coun-
tries, thus reimbursement systems differ as well. When 
considering the reimbursement of a given drug, the deci-
sion-maker wishes to know the answer to four fundamen-
tal questions:

• Is it a technology of proven efficacy? What is the 
strength of intervention compared to alternative 
options?

• Which option is more cost-effective and how supe-
rior is it to other options?

• Is financing of the technology within the available 
resources justified?

• What changes will the granting a privileged mar-
ket position cause?

Granting marketing authorisation suggests that we are 
dealing with a technology of proven efficacy. All the 

other questions, which are of key importance to the de-
cision-maker and the payer should be answered by the 
provided HTA analyses. In an era of rapid development of 
medicine and the emergence of new molecules, it is HTA 
which in many countries constitutes the basis for deci-
sion-making in healthcare, including reimbursement de-
cisions. This is related i.a. to the need to properly allocate 
financial resources and determining prices of drugs and 
valuation of individual healthcare services.

HTA is a multidisciplinary field of science (combining as-
pects of medicine, epidemiology, biostatistics, economics, 
law and ethics), used for making evidence-based decisions 
on health policy and clinical practice. The HTA objec-
tive is mainly indication of scientific grounds for making 
rational decisions about the use and financing of health-
care services. The purpose of the evaluation is to provide 
reliable, evidence-based information needed for making 
decisions on health policy. They are intended to benefit 
patients- they are to ensure safety, obtaining best effects 
and an optimal use of the available budget.

A full health technology assessment consists of three in-
terrelated analyses: a clinical analysis (what is the degree 
of the product's innovativeness, does the therapy offer an 
additional health benefit?), economic analysis (whether 
the cost of this additional benefit is acceptable?), and bud-
get impact analysis (what will the financial implications 
of introducing the new therapy be, can the healthcare 
budget afford to finance it?).

The most commonly used type of economic analysis is the 
cost-effectiveness analysis, and recently, due to the wide-
spread use of QALYs (the quality-adjusted life-year) (also 
when evaluating cost-effectiveness thresholds), the pop-
ularity of utility-cost analysis has been increasing. Thus 
HTA standards usually include assessment of the ICER/
ICUR (incremental cost-effectiveness/cost-utility ratio) of 
the therapy in question as compared to the existing treat-
ment options. To put it simply, ICER provides an answer 
to the question of how much it costs to obtain an addition-
al unit of health effect by way of replacing standard treat-
ment (the comparator) with the new drug (which is the 
subject of the assessment). One methodological limitation 
is the fact that in people with low quality of life, e.g. due 
to advanced age or disability, a significant improvement 
cannot be expected regardless of the intervention applied.
The use of QALY does not require any special justifica-
tion. It helps avoid the comparison of individual lives and 
the need to choose between them. When taking health-
care-related decisions on the basis of cost-effectiveness/
cost-utility ratios, we choose to save 10 people instead of 
one. At the same time, in the case of orphan drugs which 
are characterised by limited efficacy, the incremental cost 
of obtaining an additional QALY will never be an ally.
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Despite of the many f laws and frequent criticism (e.g. 
regarding the methodology of calculating OALY used in 
cost-utility analyses which highlight and emphasize ben-
efits of completely disregarding the needs), HTA as a tool 
makes it possible to rationalise actions and limits the im-
pact of many adverse factors, at the same time minimis-
ing the risk of making the wrong decision. That is why, as 
previously mentioned, HTA is the basis for decision-mak-
ing in healthcare in many countries, including with re-
gard to reimbursement decisions. This is related i.a. to the 
need to properly allocate funds or determine drug prices 
and valuating healthcare services. And thus, conclusions 
drawn on the basis of economic analyses play a key role in 
taking decisions on allocation of funds (reimbursement), 
after the cost-effectiveness in relation to the thresholds, 
i.e. cost to benefit ratio (which differ between countries) 
is determined.

Today, in the era of rapid development of science and 
medicine, achievements in the area of biotechnology and 
genetic engineering with regard to modern technologies, a 
need appears to ensure societies with access to innovative 
therapies. HTA is a tool which primarily is to assist in the 
creation of health policies. Some economists have claimed 
that there are arguments of orphan drugs that might justi-
fy departing from the standard value for money criteria.[41] 

These additional characteristics are related to the severity 
of the health condition and the lack of alternative effec-
tive therapies.[42] From the other side, surveys of the gen-
eral public mostly suggest that there is no willingness to 
pay a premium for rarity although there may be a case for 
paying more for drugs to treat severe conditions, or where 
there is unmet need.[43,44]

 

Ethics in decision-making
 
Modern healthcare is dependent on and determined by 
socio-economic and political factors. Its framework in in-
dividual countries is defined by national legal regulations 
and the society's aff luence as well as the level of available 
funds. Individual member states are responsible for the 
provision and financing of healthcare services, as well 
as, for ensuring the right to equal access and the right to 
healthcare, which is determined by national circumstanc-
es. That is why the content of the "guaranteed healthcare 
services package", reimbursement of drugs, access to in-
novative therapies, as well as diagnostics, rehabilitation 
and prevention in European countries in European coun-
tries is not unified.

Available publications and reports on patient access to in-
novative pharmacological therapies clearly demonstrate 
that decisions taken by individual European countries 
differ from each other.[45] Drugs are available in different 
proportions, in a different scope and under different con-

ditions (from 27% in Poland to 88% in Denmark, with an 
average value of 51%).[45] Healthcare services involving the 
diagnosis, treatment and rehabilitation of people suffering 
from rare diseases can differ between countries in terms of 
availability of treatment and the quality of services provid-
ed. Patients have unequal access not only to the drugs them-
selves, but also to the diagnostic process and expert doctors.

Financing treatment of rare diseases constitutes an enor-
mous burden on the State budget and is an increasingly 
growing problem. The amount of funds which should be 
allocated to healthcare to cover all needs including reim-
bursement of all procedures and health technologies is 
enormous. This problem is universal and applies to most 
countries. The concept of rare diseases is inherently relat-
ed with the concept of orphan drugs. Innovative therapies 
used in treatment of rare diseases are not only very ex-
pensive in general, but in most cases also very expensive 
in relation to the very slight clinical benefits they offer; 
in other words usually they are not cost-effective. This 
concerns not only drugs, but also non-drug interventions: 
surgical procedures or advanced therapies (including gene 
therapies). That is when we are faced with an ethical chal-
lenge – should we be paying for treatment which often 
doesn't prolong the patients' life, does not stop cachexia 
and sometimes only stops the progression of the disease 
for a little while?

Modern medicine is making great strides and currently 
there is a trend for developing "targeted" therapies. This 
means that soon it will be possible to separate many sub-
types of rare diseases within common diseases such as 
hypertension, arthritis, cancer, diabetes – singling out a 
small and distinct subpopulation of patients with a par-
ticular genetic profile.[42] Similarly, even in very common 
neoplasms such as lung cancer and breast cancer, the pop-
ulation qualified to third or fourth line of treatment, fol-
lowing the ineffectiveness of certain chemotherapy regi-
mens, with the expression of a particular factor and the 
absence of mutations in a particular gene can be classified 
into rare diseases. Indeed, progress of genetic engineering 
results in enormous number of studies on treatments tar-
geting specific patients, using stem cells, gene therapies 
and therapeutic modulation of genes (exon skipping, anti-
sense oligomers, RNA interference). In 2012 work on 1,000 
molecules intended for the treatment of rare diseases were 
ongoing as part of advanced clinical trials – in the USA, 
almost 3 thousand molecules were being researched.[2]

The stipulation on ensuring a fair division of limited 
funds within health care raises many questions, i.a. on 
whether treatments for rare diseases deserve special treat-
ment. Many of them lack sufficiently strong evidence on 
their efficacy adequate to the proposed price, and thus the 
extremely high cost of therapy leads to the lack of cost-ef-
ficiency. At the same time, apart from conservative treat-

Ethical, economic and clinical aspects of financing treatment of rare diseases
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ment, they are the only treatment option, patients have 
no other alternatives. It is not the interventions which are 
very expensive but offer a very significant clinical bene-
fits, such as treatment for cystic fibrosis or haemophilia, 
that constitute an ethical dilemma. It is the therapies, the 
cost of which is disproportionately high to the therapeutic 
effect offered, that create the problem. This is the greatest 
moral dilemma - whether they should be financed or not.
In the past innovative, very expensive therapies were fi-
nanced and their extremely high priced were accepted. 
Such a state of play was feasible for one reason: there were 
very few of such drugs and the population affected by 
rare diseases was limited; thus those costs did not impact 
the entire budget so severely.[46] However, it should be re-
membered that pharmacotherapy makes great progress, 
thanks to which more and more such therapies emerge, 
many still are in the clinical trial stage, and the drugs 
are becoming more and more expensive. The available 
resources for financing therapies will always be limited. 
Payers will be forced to find the right balance between 
doing "a little" good for a lot of people and doing "a lot" 
for a small group of people.

Of course, if we fail to provide treatment, patients suf-
fering from rare diseases will continue to suffer and the 
disease will progress over the years, deteriorating their 
quality of life even further. We must also keep in mind 
that paying high prices today makes it possible to conduct 
further research and to improve it. And when the patents 
expire and the generic competition steps in – the drugs 
will become cheaper. But only if they are developed in the 
first place.

The management of rare disease is a challenging problem 
for all countries. Legislation has defined rare or orphan 
disease by arbitrary disease prevalence, which grants in-
centives to OMP producers. There are few thousands rare 
diseases and in Europe so far 129 orphan drugs have been 
granted marketing approval. In addition to increasing the 
number of medicines, society needs to debate and better 
understand the funding issues so that transparent and 
reasonable criteria can be established. Cost effectiveness 
is the area when deep discussion is needed. Especially if 
we know that cost-effectiveness or cost-utility studies are 
inappropriate in the case of (ultra) orphan drugs since 
conventional methodology with standard criteria for 
cost-effectiveness will never be met.

Alternative for QALY
Funding of expensive treatments for orphan drugs is con-
tentious. These medicines are very often poor on ‘effi-
ciency’ or health economic measures, such as the qual-
ity-adjusted life years. This is because of high cost and 
frequently poor inf luence on quality of life and survival. 

Specific legislation let to increase the number of avail-
able orphan drugs in Europe, but national governments 
decide if patients can get access to these drugs. Various 
articles have also highlighted the fact that the QALY sys-
tem could lead to an innate preference for life saving over 
life enhancing treatments because preventative or basic 
long-term care measures generally score lower on QALY 
calculations than more dramatic treatments.[47-50]

What is more, critics have remarked that a generic list of 
QALY’s reduces the role and expertise of healthcare pro-
viders and ultimately undermines their ability to make 
judgements based on an individual’s need.  Three com-
mon themes emerged when exploring the limitations of 
QALYs: Ethical Considerations; methodological Issues 
and theoretical Assumptions; Context or Disease Specif-
ic Considerations.[41] In the health economic environment 
discussion about alternative to QALY approach in rare dis-
eases have started a few years ago by prof. Drummond.[41]

In the literature of subject we can find a few alternative 
proposals for conducting pharmacoeconomic research 
for orphan drugs. In most of them the use of additional 
criteria for reimbursement decisions were showed.

In 2017, NICE introduced a £100,000 willingness to pay 
(WTP) threshold for therapies that deliver fewer than 10 
QALYs to the patient in their lifetime, which can rise to 
£300,000 for treatments that deliver more than 30 addi-
tional QALYs to the patient in their lifetime.[51] This is 
10–15 times the £20,000–£30,000 threshold in the Single 
Technology Appraisal (STA) process. There has been crit-
icism of the lack of rationale for the £100,000 threshold 
and the QALY modifier given the available evidence on 
public preferences – an online discrete choice survey of 
3,669 members of the UK population revealed that re-
spondents preferred to treat patients with larger QALY 
gains, but at a diminishing rate, suggesting a preference 
to disperse QALY gains rather than concentrate them in 
a small population.[52,53] Berdud et al. propose one general 
method for establishing a reasonable price for an orphan 
drug, based on the proposition that rates of return for 
investments in developing orphan drugs should not be 
greater than the industry average. The analysis in their 
research conduct to proposal to adjust an decision maker 
body incremental cost-effectiveness threshold (CET) to 
take into account the differences in patient populations 
and costs of research and development (R&D),  in order 
to sustain prices that generate rates of return from in-
vestments in developing orphan drugs that are no greater 
than the industry average.[54]

Multicriteria decision analysis (MCDA) using analytical 
methods may help to standardise and contextualize all 
the relevant data related with the drug that could support 
the decision-making process about orphan medicines.[55]

An MCDA framework can use the nine suggested crite-
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ria[56], which included: Rarity, level of research undertak-
en, Level of uncertainty of effectiveness, Manufacturing 
complexity, Follow-up measures, Disease severity, Avail-
able treatment alternatives, Level of impact of disease, 
and Unique indication or not. The Follow-up measures 
refers to any additional requirements by regulatory or 
similar authorities. The Level of impact of disease refers 
to the extent to which the new technology impacts on the 
disease in question.  Econometric analysis and simplis-
tic scoring system could be used to inform in decision 
making in the reimbursement of drugs. MCDA can assist 
decision makers in healthcare
 

Summary
 
Market exclusivity received by the MAH who registers an 
orphan drug guarantees monopoly. Additionally, many 
orphan drugs lack of therapeutic alternatives. The market 
position is also reinforced due to marketing, the involve-
ment of patient and public organisations and the media. 
All this results in a situation where MAHs feel motivat-
ed to demand the highest possible price the market can 
manage. Thus, healthcare payers have limited negotiating 
capacities, lack information on the actual structure of the 
costs incurred and are under pressure from patients and 
the media. As a result, the public decision-maker or the 
payer is forced to accept the price proposed by the MAH. 
The question is, how high can this price be? Is it justified 
in each case? In order to reimburse expensive, innovative 
therapies, the public payer must be certain that they are 
efficacious and safe, and the data testifying to that are 
based on high-quality, credible evidence.

Clinical trials in case of rare diseases are usually limited 
– a small patient sample, a short observation period, lack 
of results for key parameters. Usually only observation-
al studies are available. In the case of most rare diseases 
there are no long-term observational studies and regis-
ters (due to the fact that these therapies have not been 
present long on the market) which would prove the ther-
apies' actual effectiveness. It should also be pointed out 
that the available literature suggests that not all patients 
can benefit from such therapies – certain subtypes within 
individual diseases can be more responsive to treatment, 
and thus actual therapeutic effects can be expected only 
in some patients. Making optimal, appropriate choices 
between different groups of patients in a situation when 
it is not possible to provide everyone the best treatment 
becomes a moral challenge. Thus, the fundamental ques-
tion is: how will these choices be made, how fair is the 
distribution of limited resources?

On the one hand, a rare disease affects only a small num-
ber of people in a given society. Allocation of substantial 
funds to the treatment of rare diseases could be consid-

ered unethical from a utilitarian point of view, as it does 
not maximize the benefits to the general public, and the 
opportunity cost in terms of lost benefits is significant. 
On the other hand, many would argue that the society has 
a moral obligation not to leave the people who have been 
affected by a serious but rare condition, in a situation 
where a for which treatment exists, but is very expensive 
or does not existent or when the available drugs do not 
have proven efficacy.[57]

Economic analyses are used more and more often as a 
database for determining priorities in the health poli-
cy. At the same time there are no developed standards 
and indicators for values which should be maximised in 
this approach. The method of calculating QALY used in 
cost-utility analyses highlights and emphasises benefits, 
completely disregarding the needs, which means that dis-
abled, sick and old patients will be discriminated against.
In the context of resource allocation, a conflict between 
a number of common moral issues exists: how to ensure 
sufficient healthcare so as to meet the needs of all who 
need it, and when this is not possible, how to distribute the 
available healthcare resources proportionally to the needs 
in order to ensure equal access to care. Equitable alloca-
tion of available funds seeks to provide patients with such 
a choice, as far as possible, and to maximise the benefits 
within available resources. All these criteria for equitable 
allocation of healthcare resources may be morally justified, 
but not all can be fully satisfied at the same time.[57]

There is no perfect solution, and thus, in order to equi-
tably treat rare diseases and to ensure equitable distri-
bution of the limited resources, the society and the de-
cision-makers should adopt a system which would take 
what is most significant from the available rules and ideas 
of justice and equality and create a new algorithm.  One 
of proposal is to discuss the alternative for traditional 
QALY measure.

Ethical, economic and clinical aspects of financing treatment of rare diseases
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