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1. Introduction

1.1. Cystic fibrosis and Quality of Life

Cystic fibrosis (CF) is an autosomal recessive ge-
netic disorder. CF disease is caused by mutations 
in the gene encoding for the cystic fibrosis trans-
membrane conductance regulator (CFTR). Chemi-
cally, CTFR is a protein that acts as a chloride 
channel in the body [1]. The genetic mutation of 
CTFR in CF disease results in the defect of chlo-
ride and sodium transport, which is manifested in 
viscous secretions of different exocrine tissues [2]. 
The damaged, non-regularly acting CTFR forms in 
the plasma membrane channels and makes it per-
meable to chloride, bicarbonate, and other anions 
as well [3]. Due to this transmembrane ionic trans-
port defect, such microenvironment is created 
which favours the colonization of bacteria that 
eventually become resistant to antibiotics. [3] In 
CF disease the following organs and tissues are 
mainly affected: the respiratory tract (lung, etc.), 
the pancreas, the gastrointestinal tract, sweat 
glands and other exocrine tissues. The increased 
viscosity makes secretions difficult to clear, which 

results in chronic respiratory disease as well as 
other pathologies including pancreatic insufficien-
cy, obstructive hepatic and biliary abnormalities, 
distal intestinal obstruction syndrome, and re-
duced fertility. The presence of the previously 
mentioned bacteria especially in the airways trig-
gers a severe inflammatory response that irrevers-
ibly damages the lung [3]. So CF is a multi-organ, 
progressive disorder and its symptoms are diverse 
with varying severity [4]. 

The therapy of this chronic, progressive and 
multi-organ disorder is complex, lasts a lifetime 
and significantly influences the Quality of Life 
(QoL) of patients [5]. CF requires daily medical 
treatment, including physiotherapy and oral and 
inhaled respiratory medication to minimize deteri-
oration of lung function, and dietary supplementa-
tion with pancreatic enzymes and vitamin supple-
ments. The members of the available medicinal 
therapy include anti-infective medicinal products 
(e.g. antibiotics), anti-inflammatory drugs (espe-
cially non-steroidal agents), mucus alteration and 
airway surface liquid modulators (e.g. hypertonic 
saline), CTFR modulator (Kalydeco®) and nutri-
tional products (e.g. pancrelipase products) [6]. So, 
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the daily management requires a complex, time-
consuming treatment regimen to address the mul-
tisystem effects of CF. In general, the long-term 
use of one or more pulmonary medications is rec-
ommended, which can include inhaled antibiotics 
(e.g. tobramycin, colistin, aztreonam) and oral 
azithromycin and nebulized mucolytic agents (e.g. 
dornase alfa, hypertonic saline) [7]. Several new 
potential therapy members are in the clinical trial 
phase of the development pipeline worldwide, 
such as gene and stem cell therapy, new small-
molecule CTFR modulators, new drugs in anti-in-
fective and anti-inflammatory therapy [6], etc.

Patient characteristics: worldwide, the number 
of patients diagnosed with CF was 30,775 in the 
latest report [8]. Every year 900-100 new CF cases 
are discovered and diagnosed, the mean age of 
the newly diagnosed patients is about 4 years. The 
mean age of the patients registered with CF is 22.2 
years. The predicted life expectancy (median sur-
vival age) is 44.4 years, but the median age at 
death is about 30 years according to the Cystic Fi-
brosis Foundation Patient Registry, Annual Data 
Report 2018 [8]. Several patients need transplanta-
tion. Lung transplantation is over-represented, 
more than 200 lung transplantations are carried 
out yearly for the CF reason, but kidney and liver 
transplantations can also be part of the treatment. 
The distribution among the races is the following: 
more than 90% (93.5% in 2018) belongs to the 
white race and the remaining number is divided 
almost equally among the other races. The distri-
bution of the disease among the genders is about 
50-50% [8]. So CF disease is diagnosed mostly in 
childhood, in the preschool age, most of the pa-
tients are young adults or adolescents, and only a 
few percent of the patients reach the adult stage of 
life [9–11]. Therefore, how the patient can follow 
the complex therapy of CF strongly depends on 
their surroundings, family members, parents etc., 
their supportive attitude and help [12]. Co-mor-
bidities and their therapy [7] are also an addition-
al issue in this case. As the medical treatment for 
CF is demanding, support is essential. By adher-
ing to the medical treatment, hospitalization can 
be decreased and the serious states can be avoid-
ed, which are crucial for QoL expectations in CF 
[5,13].

1.2. Adherence

The World Health Organization (WHO) defines 
adherence as “the extent to which the persons’ be-

havior (including medication-taking) corresponds 
with agreed recommendations from a healthcare 
provider” [14]. or in a more detailed definition: 
“the extent to which a person’s behavior – taking 
medication, following a diet, and/or executing 
lifestyle changes, corresponds with agreed recom-
mendations from a health care provider” [14]. If 
the patient adheres (or holds) to the therapy, it 
means his/her active attendance and own respon-
sibility in achieving improvement in his/her 
health status or quality of life while having a 
chronic disease. Previously, the commonly used 
term was “compliance” in relation to the patient’s 
habit, but compliance describes a passive behav-
ior. 

Adherence to a long-term therapy in a chronic 
disease is a dynamic process which needs to be 
followed up. Family, community and patients’ or-
ganizations are the key factors for having success 
in improving adherence, which is essential. Poor 
adherence to long-term therapies lead to poor 
health outcomes and increase health care costs, 
and the patients need to be supported. Adherence 
is simultaneously influenced by several factors 
and a multidisciplinary approach is needed to 
evaluate it [14].

The WHO defined 5 dimensions (groups) of the 
influencing factors of patient adherence [14]. The 
following groups influence the patient’s adher-
ence to a long-term therapy: (1) Social and eco-
nomic factors, (2) Therapy-related factors, (3) Pa-
tient-related factors, (4) Condition-related factors 
and (5) Health system (health care system)-related 
factors.

1.3. Quality by Design 

The Quality by Design (QbD) approach is a holis-
tic, systemic, knowledge and Risk Assessment 
(RA) focused method used in the pharmaceutical 
industry [15] as its application is now a regulatory 
requirement for marketing authorization. The ex-
act definition of QbD according to the Internation-
al Council on Harmonisation (ICH) Quality 
Guidelines is as follows: “QbD is a systematic ap-
proach to development that begins with prede-
fined objectives and emphasizes product and pro-
cess understanding and process control, based on 
sound science and quality risk management” [16].

This risk-based model can be applied and 
adapted in each segment of the entire pharma sec-
tor, can be used in the pharmaceutical research 
and development area, and can also be extended 
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[17]. The QbD method is a complex process and 
has several steps, which are defined and described 
in the ICH Q8(R2), Q9 and Q10 guidelines [16–19].

Besides its risk and knowledge focused feature, 
the first emphatic element of the QbD approach is 
the profound previous target product design. 
Compared to the classical Quality by Testing 
(QbT) pharmaceutical model, the phase of this 
prudent theoretical product design is extremely 
expanded in the QbD-based development and it 
contains requirements, expectations, and needs 
not only from the industry and regulatory body 
but also form the clinical users (patients, doctors), 
which are in strong relationship with the patient’s 
adherence in the future. Such patient’s expecta-
tions and needs can be e.g. the changing of the 
dosage form, the potentials of another dosing regi-
men, the easy application of the product, or an al-
ternative route of administration, the elimination 
of side effects or the elimination of unpleasant oth-
er effects or product characteristics.

1.4. Aims

The first aim of this study was the analysis of the 
needs and requirements in CF therapy and the im-
plementation of these findings in the early devel-
opment phase of pharmaceutical development in 
this area. The further aim was the application of 
the QbD guided risk-based approach in the medic-
inal product design in CF therapy according to the 
extended methodology of the QbD approach [17] 
in order to improve patient adherence and quality 
of life of patients who suffer from CF.

2. Methods

2.1. Data collection, knowledge space development

The screening, analysis and summarizing of the 
relevant literature in CF therapy management was 
made for the knowledge space development [20] 
and for the new therapeutic item design in CF. For 
literature screening the online scientific portals, 
like Elsevier, PubMed, ResearchGate and other lit-
erature database were used.

The relevant factors of CF therapy development 
were collected with special attention to patient ex-
pectations, adherence-related factors, therapy-spe-
cific elements and regulatory elements.

For the visualization of the collected items mod-
ern quality management tools, like the Ishikawa 
diagram [21], set formation, flowchart building 

and Pareto charts [22] were used. The Ishikawa di-
agram is a tool for evaluating the cause and effects 
relationship among the factors collected, and the 
Pareto diagram can help in the visualized ranking 
of the factors with critical effect on the aimed 
product, and to find those which have the highest 
criticality.

2.2. Risk assessment

The LeanQbD® software (QbD Works LLC, Fre-
mont, CA, USA) was used for the Risk Assessment 
process in order to determine the factors with the 
highest risk. To carry out the RA properly, first 
those factors were selected which have a potential 
critical effect on therapy development or manage-
ment in CF. The Ishikawa diagram was used for 
the selection of the items. The selected critical fac-
tors were grouped into two groups: Group 1: fac-
tors which have an effect on QoL in CF (= Critical 
Quality Attributes, CQAs), Group 2: factors which 
have an effect on the therapy, or the therapeutic 
process of CF (= Critical Process Parameters, 
CPPs). After the above-mentioned item selection 
and grouping, an interdependence rating was 
made among the elements step by step, pairwise. 
A three-level scale was used to describe the rela-
tion between the parameters, so the interaction 
was described as “high” (H), “medium” (M) or 
“low” (L). This was followed by an uncertainty 
rating step, in which CPPs were estimated and cat-
egorized by the same three-grade scale. As a result 
of the RA, Pareto charts were generated by the 
software, presenting the numeric data and the 
ranking of the CQAs and CPPs according to their 
criticality.

3. Results

This study aimed to perform a systemic evalua-
tion of the patient and regulatory needs in CF 
therapy development. So first, in order to fulfill all 
the elements of knowledge management and 
knowledge space development, the adherence fac-
tors were visualized according to the WHO di-
mensions (Figure 1).

After this global view of adherence, the disease 
and therapy-specific sub-dimensions in CF were 
collected, systemized and visualized by setting up 
an Ishikawa diagram, presenting the cause and ef-
fects relationships (Figure 2).

Set formation was the additional tool for visual-
izing the knowledge and the influencing factors in 
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CF treatment or therapy development and for an-
alyzing the interactions. The factors of patient ad-
herence presented previously formed one of the 
sets, complemented with two other groups: the 
relevant economic and regulatory standpoints.

The most important elements from the regulato-
ry viewpoint in a new CF-medicine or therapy de-
velopment are: CF belongs to the rare or orphan 
diseases, which means a low number of cases, a 
low number of patients, so this is a narrow market 
area. The low number of patients also affects the 
clinical trials, there could be difficulties in selecting 
patients who can be involved in the study, and it 
may lead to problems in keeping the anonymity of 
the patients [23]. The planning of the clinical stud-
ies also needs special considerations: there is no 
possibility of placebo control and randomization 
during the studies, and questions arise regarding 
the end-point definition. The low case-number in 
the clinical trial phase necessitates other solutions 
to obtain the results about the safety and efficacy of 
the investigated product (= the potential new me-
dicinal product), which are required for the docu-
mentation of the authorization. In practice, this 
means that the importance and the rate of the sta-
tistical analysis, modeling and simulation are in-
creased, and their use is essential. This special situ-
ation generated by the limited source of the clinical 

data needs special considerations, effective com-
munication and co-operation during the whole 
process of the orphan medicine development [23], 
from drug design through dosage formulation to 
the clinical phases, and needs the involvement of 
the regulatory/authorization body as well.

The economic standpoints are in relation with 
the costs: costs of the development, cost of the 
new medicinal product, cost of the therapy. The 
therapeutic cost (TC) of CF is very high and di-
verse, the averaged costs are presented in Figure 3 
as well. The total TC for the whole life can reach 
almost 2 million Euros [24], but the range of the to-
tal TC is very wide. When several hospitalizations 
are needed during the lifetime and transplanta-
tion is also required, this total TC can reach the 
upper limit of this range [24]. The TC/year and the 
health care costs/year are also shown in the figure. 

The total cost includes direct costs, indirect 
costs and intangible costs [25]. Direct costs include 
the costs of medication and obtaining care (e.g. 
costs of visits to physicians and other health 
care providers, hospitalizations, medications and 
other treatments, assistive devices and diagnostic 
tests, as well as the costs of transportation, etc.). 
Indirect costs are associated with patient or carer 
productivity losses. Intangible costs represent the 
costs of reductions in quality of life due to the ill-

Figure 1 The 5 dimensions and their potential elements of adherence by the WHO
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ness, but as these are difficult to quantify econom-
ically, intangible costs are rarely estimated.

The cross sections of the sets in Figure 3 in-
clude the most critical elements of the CF-specific 
therapy development concerning the efficacy, 
safety and quality of the newly developed formu-
la, patient security aspects, like anonymity and 
clinical study competence, and cost efficiency [11, 
23,24].

The literature evaluation and data collection 
which are presented in Figure 2 and Figure 3 
helped in the selection of the critical factors of 
QoL and therapy of CF for the risk-based evalua-
tion of the development potentials. So, the factors 
were classified into two groups for the evaluation. 
The first group contains those factors which could 
have a critical influence on QoL in CF, these se-
lected CQAs are the following: the age of the pa-

Figure 2 Sub-dimensions of the WHO groups of patient adherence in CF disease

Figure 3 Regulatory and economic standpoints in CF therapy development
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tient who suffers from CF, their co-morbidities, 
the degree of progression, the complexity of the 
therapy and the lack of information (about the 
therapy, expectations, disease, etc.). Those ele-
ments were categorized into the second group 
which could have a critical influence on the thera-
py (as process) and therapeutic success of CF. This 
group of the CPPs contained the following: new 
drug product development (new active agent, 
new administration method, new dosage form, 
etc.), new drug combination development, patient 
education, social support, and the monitoring of 
the therapy.

The grouping of the factors was essential to per-
form the RA properly, which was made with the 
help of the RA software. The first step was an in-
terdependence rating among the factors in pairs, 
where their effect on each other was estimated 
(high, medium or low), which was followed by an 
occurrence rating, using the same three-grade 

scale in estimation. This is presented in the risk es-
timation matrix (REM) in Figure 4-A.

As the result of the risk estimation, the software 
calculated the severity scores of each factor and 
generated Pareto charts for the visualization of the 
calculated theoretical ranking of the examined 
critical factors. Figure 4 presents their ranking ac-
cording to their criticality on the patients’ quality 
of life in CF (Figure 4-B) and on the therapy of CF 
(Figure 4-C). A relative severity and relative oc-
currence diagram were also generated by the soft-
ware (Figure 4-D), where the red points show the 
factors with the highest critical effect on the thera-
py. The results presented in Figure 4 show the fol-
lowing: with regard to the patient’s QoL in CF, the 
degree of progression of the disease has the high-
est criticality, followed by the complexity of the 
therapy (e.g. dosing regimen), a medium critical 
effect was found in relation to the patient’s age 
and co-morbidities, while the lack of the informa-

Figure 4 Risk estimation matrix (A) and the ranking of the critical parameters in CF therapy development (B,C,D)
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tion of the patients was found to have the lowest 
critical effect. So the greatest attention needs to be 
focused on decreasing progression and on simpli-
fying the complexity of the therapy in order to in-
crease the perception of the QoL and adherence 
among the patients.

In the case of the therapy-related critical factors 
in CF, the social support factor was found to have 
the highest critical effect. Social support (e.g. fam-
ily) or the lack of it has a great effect on successful 
therapy. It is followed by patient education, which 
also has a high critical effect. Monitoring and the 
new drug combination have a medium critical ef-
fect, they are placed in the middle of the ranking, 
and the lowest criticality was found for the devel-
opment of a new drug product. 

4. Discussion

the risk-based evaluation presented in this study 
and the RA results showed that the recommended 
intervention points in CF therapy management are 
the following: increasing social support, increas-
ing the level of patient education and improving 
the potentials of therapy monitoring. The degree 
of adherence in CF depends mainly on the degree 
of progression and the complexity of the therapy. 
The steps of the evaluation method used are visu-
alized and shown in Figure 5. This model is based 
on the QbD method, which is generally used in the 
pharmaceutical industry, but its theoretical back-
ground, namely the systemic, knowledge and risk-
based design of tasks can be applied to risk-based 
therapy management as well (Figure 5).

The interventions identified by the risk-based 
evaluation of therapy development or manage-
ment which can improve the patients’ quality of 

life may be the alternative of costly and time-con-
suming new drug developments.

5. Conclusion

In this study the application of a QbD and risk-
based therapy-specific drug development design 
was presented in CF therapy. To evaluate the as-
pects which affect the QoL and therapy success 
(adherence) in this disease, the patient’s, regula-
tory and economic standpoints of therapy devel-
opment were collected. The overlap of these as-
pects has great importance with regard to meet-
ing the requirements of efficacy, safety and quali-
ty standards as well as the cost-efficiency consid-
erations. According to the presented results, if 
therapy intervention is needed in CF, one should 
first examine the patient’s social support state 
and find possibilities to improve it. Then patient 
education should be improved, followed by the 
upgrading of therapy monitoring or introducing 
a new one. Only after these should the potential 
need for new pharmaceutical development, such 
as a new drug combination or new medicine de-
velopment, be considered. Sometimes such inter-
ventions (in the lifestyles, habits, dosing regimen 
modifications, education, patient education, etc.) 
may be the alternatives of a time-consuming and 
costly medicinal research and development. The 
presented model can be used for the evaluation of 
therapy potentials in several other diseases as 
well.
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