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Summary  
 
The context for this relevance procedure 
Following two extensive procedures on the research and development and the assessment process 
for the marketing authorisation by the European Medicines Agency (EMA), a new orphan medicinal 
product has to pass an extra, critical, national procedure for coverage in the (national) health 
insurance package before it becomes available and affordable for patients. This is the case in many 
European member states, where appointed health technology assessment bodies advise the Ministry 
of Health after an (extensive) assessment procedure. The advice of health authorities on coverage 
under the national health insurance package is based on a trade-off between the incremental, clinical 
benefit and the premium price of the new medicine versus standard care. The assessment of the 
incremental, clinical benefit is predominantly based on the traditional efficacy-safety ratio mostly 
supplemented with cost-effectiveness data. For orphan medicinal products there will be great 
difficulty in defining and measuring clinical outcome, health benefits and observing a change which is 
significant by conventional standards. Well-known key problems may be e.g. limited sample size,  
heterogeneity of the population, heterogeneity of the disease profile itself (from early infancy to 
adulthood and from mildly disabling to life threatening) and the lack of historical epidemiological 
data as a reference for the natural course of the disease. As a result, some of these orphan medicinal 
products are rejected for coverage, while others are accepted for coverage. Contrasting the 
marketing authorisation procedure based on a final judgment of a positive benefit-risk balance, the 
coverage decision processes lack transparency and a clear formalised structure or value framework, 
which justifies the criteria, arguments and final decision.  Therefore, it is necessary that the overall 
relevant health gain of orphan medicinal products is not only based on the limited clinical data 
(evidence based medicine [EBM]) at the time of launch (marketing authorisation) but also includes 
real life data and physician and patient/caregivers experiences (practice based medicine [PrBM] and 
patient based medicine [PaBM]).  
 
Objective of this relevance procedure 
The objective of this clinical and patient/caregiver relevance procedure was determining the overall 
relevant gain from both a clinical and a patient/caregiver perspective of the recently introduced 
orphan medicinal product ‘delayed-release cysteamine bitartrate’ (DR-CYS) in comparison to the 
standard therapy with ‘immediate-release cysteamine bitartrate’ (IR-CYS) in patients with cystinosis. 
The relevance procedure was performed for Belgium and The Netherlands by Belgian and Dutch 
clinical and patient/caregiver experts. 
 
Methodology/value framework 
For the purpose of defining the overall relevant gain, the experts made use of a value framework in 
which an overall hypothesis and six clinical and six patient/caregiver relevance criteria were defined. 
The overall hypothesis was: DR-CYS provides a relevant improvement over IR-CYS from a clinical  
and/or a patient/caregiver perspective. The criteria to be tested for clinical and for patient/caregiver 
relevance were defined as ‘complications of the disease, tolerance profile, compliance, quality of life,  
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management of the therapy and organisation of care’. Per relevance criterion an objective was 
formulated, a corresponding parameter was defined, a sub-hypothesis was pre-defined and a 
quantitative or qualitative relevant improvement was pre-defined. Based on the combined results of 
the six criteria, the overall hypothesis was confirmed or rejected from each respective clinical and 
patient/caregiver perspective. 
 
The disease, incidence and complications 
Cystinosis is a rare, autosomal recessive inherited lysosomal storage disease. Initially, cystinosis 
affects the kidneys leading to proximal tubular damage (renal Fanconi syndrome [renal FS]) and 
progressive renal insufficiency. If left untreated, renal function rapidly deteriorates towards end-
stage renal disease (ESRD) by the end of the first decade of life. Various extra-renal manifestations 
gradually develop during childhood, adolescence and adulthood, e.g. photophobia, dysfunction of 
the thyroid gland, growth failure, hypergonadotropic hypogonadism (in males), pancreatic 
dysfunction resulting in insulin-dependent diabetes mellitus, hepatomegaly and splenomegaly, 
cystine deposition in muscles causes myopathy resulting in swallowing difficulties and diaphragm 
dysfunction and central nervous system complications. 
Because of its rarity, the diagnosis and specific treatment of cystinosis are frequently delayed, which 
has a significant impact on the overall prognosis. Some patients are diagnosed only when they 
present with ESRD. Untreated nephropathic cystinosis causes extensive morbidity and death in young 
adulthood. The disease has been found worldwide in all ethnic groups. The incidence of cystinosis is 
∼0.5–1.0 per 100,000 live births. 
 
Treatment of nephropathic cystinosis 
Two major milestones in cystinosis management, renal allograft transplantation and cystine-
depleting therapy with cysteamine, have had a considerable impact on the natural history and 
prognosis of cystinosis patients, resulting in a life expectancy extending past 50 years.  
Due to its multi-organ involvement, management of nephropathic cystinosis consists of treatment of 
the renal and extra-renal manifestations and complications together with a specific, cystine-
depleting therapy with cysteamine which represents the only available target specific treatment for 
cystinosis patients and therefore is the mainstay of therapy. Powerful evidence indicates that oral 
cysteamine lowers cystine content in cystinotic tissues, and prevents or delays renal and non-renal 
complications of cystinosis. Cysteamine treatment decreases the risk of developing swallowing 
impairment associated with myopathy, which can be life-threatening, and preserves thyroid and 
pancreatic functions, eliminating the need for hormone replacement (thyroxin, insulin). Cysteamine 
promotes growth, allowing several patients to reach normal adult height without GH therapy. 
Although cysteamine does not cure the disease, it dramatically improves the overall prognosis. 
Cysteamine has little effect on the Fanconi syndrome (FS), the corneal cystine accumulation and 
azoospermia, but it delays the progression to ESRD, the need for a renal allograft, the development 
of extra-renal complications and it improves growth. Cysteamine therapy should be initiated as early 
as possible and continued lifelong.  
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Critical issues of cystinosis therapy 
Despite its indisputable key role in the treatment of renal and extra-renal manifestations, the 
currently most used cysteamine therapy, IR-CYS, demonstrates three major issues: a bothersome 
tolerance profile, an absolutely strict 6-hourly dosing regimen which forces patients to get up at night 
and secondary to the former two issues, non-compliance. The abnormal skin odour, halitosis and 
gastrointestinal side-effects impose a significant burden on daily social life, leading to regularly 
skipping doses in > 50% of the patients, mostly older patients (>11 years old). Several studies have 
proven the relation between adequate cysteamine therapy and preservation of kidney function and 
prevention or delay of extra-renal manifestations and complications and hence long term prognosis. 
Therefore, compliance in cystinosis treatment is a non-negotiable prerequisite. However, despite the 
knowledge about all this, compliance in adults still remains low due to the significant side-effects and 
the unfeasible strict 6-hourly dosing regimen that forces patients to get up at night, every night of 
their life. In children the compliance is higher (>80%) due to parents and caregivers being strict 
guardians of cysteamine intake.  
In 2013, a new twice-daily administered delayed-release enteric-coated formula of cysteamine 
bitartrate (DR-CYS) has been approved by the EMA for the treatment of cystinosis, and has been 
shown to be safe and effective. It can be expected that this formulation improves compliance and 
hence therapeutic outcomes and prognosis. 
 
Outcomes 
In figure 17’ the outcomes of the assessment of the clinical relevance per individual criterion is 
shown as well as the overall outcome of clinical relevance. 
 
Figure 17’: Schematic overview of the overall hypothesis and underlying criteria for clinical relevance. 
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In figure 18’ the outcomes of the assessment of the patient/caregiver relevance per individual 
criterion is shown as well as the overall outcome of patient/caregiver relevance. 
 
Figure 18’: Schematic overview of the overall hypothesis and underlying criteria for patient/caregiver relevance. 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

It was concluded by the clinical experts that 4 out of 6 criteria for clinical relevance showed an 
improvement for DR-CYS versus IR-CYS. Therefore the overall hypothesis was confirmed. The 
patient/caregiver experts concluded that 5 out of 6 criteria for patient/caregiver relevance showed 
an improvement for DR-CYS versus IR-CYS, also confirming the overall hypothesis.  
 
 
Discussion and recommendation 
Given the intrinsically complex nature of rare diseases and the orphan medicinal products’ 
environment, a value framework approach such as this expert procedure on the assessment of 
relevance has the merit of integrating all available valuable information (the three levels of Evidence 
Based Medicine [EBM], Practice Based Medicine [PrBM] and Patient Based Medicine [PaBM] and of 
aggregating the outcomes of the different individual assessment criteria into an overall performance. 
This approach ensures shared understanding of the elements of value as well as a clear articulation 
of trade-offs between those elements. It offers also a possible construct for more comprehensive 
guidance for treatment guidelines and for decision-making on coverage (uptake in the health 
insurance package). 
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Based on the current available multi-disciplinary information used in this relevance assessment, the 
experts recommend health authorities and local decision making bodies to provide access to DR-CYS 
for cystinosis patients. This recommendation is based on the relevant improvement of the majority 
of essential elements of the cystinosis treatment with cysteamine, that have already demonstrated a 
strong relationship with long term outcomes and hence prognosis. Within the context of this 
recommendation, the ultimate individual treatment decision remains always with the clinician and 
the patient/caregiver, determined by patient-related factors. That the experience with DR-CYS is still 
relatively short does not affect the current recommendation. In orphan diseases it is common that 
late complications first appear after many years, sometimes decades. For this reason, treatment 
decisions cannot be postponed from an ethical point of view. Moreover, in cystinosis, clinical studies 
focus on the child-population, which implies that, ethically, only the strict necessary parameters are 
measured in order to reduce the burden of such research in children, and which implies also that the 
availability of long term outcomes takes a while (from childhood into adolescence and adulthood). 
However, the experts stress the importance of a continuous follow-up in daily practice for obtaining 
long term data and for increasing the robustness of the findings. From this perspective, the experts 
recommend to re-evaluate the outcomes of this relevance procedure every 5 years.  
The experts assume that this relevance assessment procedure constitutes a suitable value framework 
for the assessment of other orphan medicinal products. 
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Abbreviations  
 
a.m.  in the morning 
BOKS VZW Belgian Association for Children and Adults suffering from a metabolic disease (Dutch: Belgische 
   Organisatie voor Kinderen en Volwassenen met een Stofwisselingsziekte) 
Cmax   Maximum observed plasma drug concentration 
d  Day 
DMS  Dimethylsulfide 
DR-CYS  Delayed-release cysteamine bitartrate 
EBM  Evidence based medicine (perspective: judgment based on (scientific) publications) 
EC  European Committee 
EMA        European Medicines Agency 
ESRD  End-Stage Renal Disease  
EU           European Union 
FEDERG  A federation for rare and/or genetic renal diseases at European level  
FS  Fanconi Syndrome 
FDA  Food & Drug Administration 
g  gram 
GP           General Practitioner  
h  hour  
HRQoL  Health Related Quality of Life 
HTA  Health Technology Assessment 
IR-CYS  Immediate-release cysteamine bitartrate 
m2  square meter  
mg         milligram 
NIVEL  Netherlands Institute for Health Services Research 
NL           The Netherlands  
nmol  nanomol 
PaBM   Patient based medicine (perspective: judgment based on experience of the patient) 
PBM  Practice based medicine (perspective: judgment based on practical experiences of 
  doctors, patients and other experts/bodies) 
PK  Pharmacokinetics 
PI  product Information 
PPI  Proton pump inhibitor 
Q6h  Four times a day 
Q12h  Two times a day 
QoL  Quality of Life 
RMP  Risk management programme 
SAE  Serious adverse event 
TEAE   Treatment emergent adverse event 
UMC  University Medical Centre 
USA  United States of America 
UZ  University Hospitals (Leuven) 
VKS  Dutch Society for metabolic diseases in Children and Adults (Dutch: Volwassenen, Kinderen en  
  Stofwisselingsziekten)  
WBC   White blood cell 
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1.1 Nephropathic cystinosis 
 

 
1.1.1    The disease 
1.1.2    Incidence 
1.1.3    Complications 

 
 
 

1.1.1 The disease  
 
Nephropathic cystinosis 
Cystinosis is an autosomal recessive error of metabolism in which the amino-acid cystine transporter 
from the lysosomes is mutated or absent.1 2 Initially, cystinosis affects kidneys leading to proximal 
tubular damage (renal Fanconi syndrome [renal FS]) and progressive renal insufficiency. Various 
extra-renal manifestations gradually develop during childhood, adolescence and adulthood. 
Because of its rarity, the diagnosis and specific treatment of cystinosis are frequently delayed, which 
has a significant impact on the overall prognosis. Some patients are diagnosed only when they 
present with end-stage renal disease (ESRD). 
 
Clinical forms 
Depending on the age at presentation and the degree of severity, three different clinical forms are 
recognized.1 The most severe and frequent form, affecting ∼95% of patients, is termed infantile 
nephropathic cystinosis; patients generally develop clinical symptoms related to the renal FS during 
the first year of life. Cystinosis is the most common cause of inherited renal FS in young children. 
Juvenile or late-onset nephropathic cystinosis is usually diagnosed later in childhood or during 
adolescence; patients present with milder symptoms of renal FS or with isolated proteinuria. Finally, 
the ocular or adult form is characterized by isolated symptoms related to corneal cystine crystal 
depositions and is rarely diagnosed before adulthood. 
 
Pathogenesis 
The causative gene, CTNS (17p13.2), was discovered in 1998.3 The three clinical forms of cystinosis 
are caused by bi-allelic mutations in the CTNS gene that encodes the lysosomal cystine-proton co-
transporter cystinosin. In the absence of a functional cystinosin protein, cystine accumulates in the 
lysosomal lumen of cells. Cystine is poorly soluble and forms crystals found in all body organs. 
Current evidence indicates that cystinosis is a monogenic-recessive disease with complete 
penetrance.4 Severe truncating mutations cause mostly infantile cystinosis, while milder mutations in 
at least one allele are usually observed in late-onset and ocular forms.3 5  
Tissues have different susceptibilities to the accumulation of cystine: the renal tissue is one of the  
most sensitive.6 7 The exact mechanisms that cause the typical clinical manifestations of cystinosis, as  
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well as the variable disease presentation between different tissues remain incompletely understood.8  
 
Diagnosis 
Detection of elevated intracellular cystine levels in white blood cells ([WBC], leucocytes or 
granulocytes) remains the cornerstone of diagnosis, supported by a slit lamp examination 
demonstrating corneal cystine crystals. The WBC cystine level is traditionally used as, and today it still 
is the only available biomarker to monitor the effectiveness of cystine depletion therapy. 
Measurement of WBC cystine levels requires dedicated laboratories and experienced personnel. 
Generally, WBC cystine levels are >2 nmol ½ cystine/mg protein in affected untreated patients, 
whereas normal unaffected subjects exhibit levels below 0.2 nmol ½ cystine/mg protein.1 The target 
tissue cystine levels at which progressive renal failure and the development of extra-renal 
complications can be prevented, are still unknown. Therefore, the 90th percentile of heterozygote 
values in the WBC (<1 nmol ½ cystine per mg protein) is used as the upper cystine limit, measured  
before a next dose of cysteamine is administered.9 Some laboratories use cystine instead of ½ cystine 
to express cystine accumulation. The correction factor is 2: nmol cystine/mg protein x 2 = nmol ½ 
cystine/mg protein.  
Subsequently, genetic analysis of the CTNS gene may be used to confirm the diagnosis. In families 
with a previous history of cystinosis, prenatal diagnosis can be made by measurement of the cystine 
level in cultured amniocytes of chorionic villi, or by a genetic analysis of DNA extracted from 
chorionic villi or amniocytes in families with known CTNS gene mutations.10  
Diagnosis should be made as soon as possible, since early initiation of cysteamine treatment has a 
considerable impact on long-term prognosis.10 11 12 However, due to its rarity and the non-specific 
variable or incomplete clinical picture in young infants, many physicians fail to appreciate this entity 
and the diagnosis is often delayed. It is estimated that at least 50% of children worldwide are 
diagnosed beyond one year of age, unless there are affected siblings.13 
 
Clinical manifestations 
Infantile nephropathic cystinosis  
After an uneventful pregnancy and birth, patients gradually develop symptoms during the first 
months of life. Asymptomatic aminoaciduria can appear already during the first weeks of life, being 
the first hallmark of an evolving severe and irreversible proximal tubular dysfunction.14 The full-
blown renal FS usually manifests by 4–6 months of age with polyuria, polydipsia, failure to thrive, 
vomiting, constipation, dehydration, growth retardation and/or rickets, in association with 
biochemical evidence of proximal tubular dysfunction.1 This includes substantial losses of 
electrolytes, low-molecular weight proteinuria and severe acidosis; hypophosphatemia and impaired 
calcitriol metabolism often cause severe hypophosphatemic vitamin-D resistant rickets. If left 
untreated, renal function deteriorates progressively from as early as the age of 2 years, until ESRD 
inevitably sets in by the end of the first decade.15 16 Beside the renal and first extra-renal 
manifestations of cystinosis, i.e. the corneal cystine crystals, widespread lysosomal cystine 
accumulation affects several other organs at different ages including, thyroid gland, pancreas,  
gonads, muscles, peripheral and central nervous system. The extra-renal manifestations are  
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discussed in the section ‘complications’. 
 
Nephropathic juvenile or late-onset form 
The nephropathic juvenile or late-onset form constitutes a minority of cystinosis patients (~5%). It 
presents with a spectrum of symptoms, ranging from isolated proteinuria, a milder proximal  
tubulopathy, to an apparent nephrotic syndrome.1 13 17 This picture manifests at a variable age, from 
childhood to adolescence, with most of the patients being older than 10 years.  
 
Ocular, non-nephropathic, adult form 
The ocular, non-nephropathic, adult form is only characterized by complaints of photophobia due to 
corneal cystine crystals, while the kidney, retina and other organs remain unaffected.18 It rarely 
presents before adulthood. 
 

1.1.2 The incidence 
 
The disease has been found worldwide in all ethnic groups. The incidence of cystinosis is ∼0.5–1.0 
per 100,000 live births with a higher frequency in some populations due to a founder effect.6 
 

1.1.3 Extra-renal manifestations and complications  
 
The first apparent extra-renal manifestation of cystinosis is the corneal cystine accumulation. It 
causes the formation of corneal cystine crystals, which can be detected from the age of 12 months by 
an experienced ophthalmologist through a slit lamp examination and are almost always present by 
the age of 18 months. Cystine deposits in the cornea and conjunctiva is responsible for photophobia 
which usually appears after 3 years of age.  
In untreated patient cystine accumulation in thyroid follicular cells causes fibrosis, atrophy and 
dysfunction of the thyroid gland in 75% of patients by the age of 10 years contributing to growth 
failure.16 19  
Males develop hypergonadotropic hypogonadism20; testosterone replacement therapy allows 
pubertal development, but does not prevent infertility, which is invariably observed in males.21 
Conversely, female patients usually have pubertal retardation, but their gonadal function is not as 
severely compromised and successful pregnancies have been reported.22  
Pancreatic dysfunction can cause insulin-dependent diabetes mellitus in the second and third decade 
of life.23 Lysosomal cystine accumulation also causes hepatomegaly and splenomegaly in 
approximately one-third of subjects by the age of 15 years. Hepatomegaly is related to enlargement  
of Kupffer’s cells and foam cells containing cystine crystals.24 Likewise, foam cells also accumulate in 
the red pulp of the spleen. In intestinal biopsies, cystine crystals are visible in histiocytes and are 
enumerable in the mucosal tissue.25 
In young adults, cystine deposition in muscles causes generalised muscle atrophy and muscle  
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weakness, initially involving the distal extremities.12 Progressive distal vacuolar myopathy is present  
in about a third of patients in the second decade. Myopathy can result in extra-parenchymal  
restrictive pulmonary disease and oromotor dysfunction with an enhanced risk of aspiration 
pneumonia.26 27 28 7 Pulmonary dysfunction parallels the severity of the myopathy and causes severe 
exercise intolerance and respiratory failure. 
Central nervous system complications are present in a subset of patients (5–10%). Generally, patients 
have normal intelligence. However, mild neurocognitive abnormalities have been reported even in 
very young children and could be related to abnormalities in the cerebral white matter 
microstructure. Reduced white matter integrity in the parietal lobes has been demonstrated using 
magnetic resonance diffusion tensor imaging.29 Relative weaknesses are often found in visual motor, 
visual spatial and visual memory skills, and may be associated with academic difficulties, primarily in 
arithmetic. Subtle motor deficits, primarily fine motor incoordination, are common in children with 
cystinosis and may persist even into adult life.30 A different pattern of major central nervous system 
involvement represents a ‘late’ complication that rarely occurs before the age of 20 years. The main 
symptoms include speech impairment, memory losses, reduced intellectual functions and dementia.  
 
Despite successful renal transplantation, many patients do not survive past the age of 30 years if they 
have not been treated with cysteamine.13 
 
In the late onset form of cystinosis, the rate of renal disease progression is slower compared to the 
infantile form, however most of the patients develop ESRD and extra-renal complications. 
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1.2  Treatment of nephropathic cystinosis 
 

 
1.2.1    Guidelines  
1.2.2    Treatment 
 

 
 
1.2.1 Guidelines 
 
The most recent guideline is ‘Nephropathic cystinosis, an international consensus document’ by 
Emma et al., 2014.13 In this document, a group of international experts has summarised their 
opinions on several aspects of the disease to improve knowledge and provide guidance for diagnosis 
and treatment. 
For orphan diseases like nephropathic cystinosis, guidelines are predominantly generated on a global 
scale, to bundle all available knowledge and experience generated from the limited number of 
patients. It is in the interest of the patient that the international guidelines on nephropathic 
cystinosis are followed by the treating physicians.  
 
 

1.2.2 Treatment 
 
Untreated nephropathic cystinosis causes extensive morbidity and death in young adulthood.31 Since 
the introduction of kidney transplantation and the availability of cystine-depleting therapy, this 
previously fatal disease was drastically transformed into a treatable disorder, resulting in a life 
expectancy extending past 50 years. Due to its multi-organ involvement, management of 
nephropathic cystinosis consists of treatment of the renal FS and renal failure, hormone replacement 
therapy together with a specific, cystine-depleting therapy with cysteamine which represents the 
cornerstone of cystinosis treatment.13 32 
 
 
1.2.2.1 Specific treatment 
 
Cysteamine (beta-mercaptoethylamine), an aminothiol, has been identified for the first time as a 
possible therapeutic target for cystinosis in 1976, based on its significant efficacy in reducing 
leucocyte cystine levels and GFR decline.33 Cysteamine therapy allows depletion of lysosomal cystine 
in most tissues. Cysteamine reduces the rate of progression of glomerular damage to end-stage renal 
failure, and delays or even prevents the development of extra-renal manifestations. It postpones the  
need for thyroid hormone substitution, depletes the skeletal muscle parenchyma of cystine hereby  
preventing myopathy, and improves growth parameters especially when initiated in early infancy.1 31 
34 35 36 37 38 39  
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However, cysteamine cannot induce a catch-up of growth in children whom are already growth-
retarded.15 40 It has been demonstrated that young adults (21–30 years of age) who have been well 
treated and had a good compliance of their cysteamine therapy have a significantly lower incidence 
of extra-renal manifestations and complications such as pulmonary dysfunction, myopathy, diabetes 
mellitus and death.31 Though cysteamine therapy allows depletion of lysosomal cystine in most 
tissues, it does not have an effect on corneal cystine crystals. Cysteamine eye drops for topical use 
have proven highly effective to dissolve the corneal cystine crystals and to treat the photophobia 
when administered 6 to 12 times daily.13 Recently, a new ocular cysteamine gel formulation 
(Cystadrops®) has proven its efficacy at a 4 times daily dosing regimen.41 42 
Cysteamine therapy should be started as soon as possible and should be continued lifelong. It is 
currently the only available target specific treatment for cystinosis patients representing the 
mainstay of therapy.  
 
Cysteamine therapies 
In the course of time, cysteamine therapy has developed in three steps. 
1. A solution of cysteamine hydrochloride was the first formulation to be tried and was 

administered every 6 hours with an average maintenance dose of 50 mg/kg/day. Beside 
cysteamine hydrochloride, phosphocysteamine and cysteamine bitartrate in different 
formulations were used. These formulations were made as pharmacy preparations in local 
pharmacies.  

2. A commercial immediate release cysteamine bitartrate (IR-CYS) (Cystagon®) was approved for 
clinical use in 1994 in the United States of America (USA), and in 1997 in Europe.43 IR-CYS is 
presented in white hard gelatin capsules containing 50 mg or 150 mg of cysteamine formulated 
as mercaptamine bitartrate. The capsule formulation has been selected in order to improve 
treatment compliance (improved palatability compared to the sulfide-like odour of the 
cysteamine solutions). The second objective was to obtain a better stability compared to oral 
solutions. As the WBC cystine content returns to its initial high levels approximately 6 hours after 
the last administration, the IR-CYS formulation of cysteamine bitartrate has to be taken at a strict 
6-hour interval. In order to maintain WBC cystine level < 1 nmol ½ cystine/mg protein, the oral 
dosage given in 4 divided doses was determined to be 50-60 mg/kg (1.3 g/m2/day) in children 
under age 12 and under 50 kg of weight and 2 g/day given orally in four divided doses in older 
children and adults. It is monitored by taking a blood sample for measuring WBC cystine levels 6 
hours after the last administration of cysteamine. 

       Digestive tolerance of IR-CYS is improved when taken just after or with food.43 However studies  
       of the interaction of food with the absorption of IR-CYS have never been formally performed. In  
       children who are at risk of aspiration, aged approximately 6 years and under, the hard capsules  
       should be opened and the content sprinkled on food. IR-CYS may also be administered through  
       feeding tubes. 
3. A commercial delayed-release cysteamine bitartrate (DR-CYS) (Procysbi®), was approved for 

clinical use in 2013 in the USA and in Europe.44 DR-CYS is presented in gastro-resistant light blue 
size 3 hard capsules containing 25 mg or 75 mg of cysteamine formulated as mercaptamine  
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bitartrate. Mercaptamine is contained in microspheronised core beads that are enteric coated.  
The development of this delayed-release formula was based on the observation that direct  
administration of cysteamine in the small intestine resulted in higher plasma cysteamine 
concentrations (Cmax) and a higher area under the curve in comparison to administration in the 
stomach or colon.45 The greater surface area and improved absorption rate from the small 
intestine, as well as a decreased first pass metabolism may explain this finding.45 Furthermore, 
it was also observed that the WBC cystine concentration remained below pre-dose levels up to 
12 hours after administration in the small intestine. This suggests that after absorption of 
cysteamine through the small intestine a higher Cmax and area under the curve, causes a 
prolonged depletion of WBC cystine.45 Therefore, the gastro-resistant formulation has been 
selected in order to establish a delayed-release formulation for improving administration 
frequency from every 6 hours to every 12 hours and with this the improvement of quality of life, 
sleeping patterns and social participation. The second objective was to improve palatability and  
reduce halitosis. The product information (PI) leaflet of DR-CYS reports that the targeted 
maintenance dose is 1.3 gram/m2/day, in two divided doses, given every 12 hours.44 The targeted 
WBC cystine level must remain <1 nmol ½ cystine/mg protein, 30 min after dosing, since at that 
moment the through level is reached.44 Furthermore, the PI leaflet reports that for patients 
adherent to a stable dose of DR-CYS, who do not have easy access to an adequate facility for 
measuring their WBC cystine levels, the goal of therapy should be to maintain plasma cysteamine 
concentration > 0.1 mg/L, 30 min after dosing.44 The determination of WBC cystine and/or 
plasma cysteamine must be obtained 12.5 hours after the evening dose the day before, and 
therefore 30 minutes after the following morning dose is given.44 
DR-CYS should not be administered with food rich in fat or proteins, or with frozen food like ice-
cream. Patients should try to consistently avoid meals and dairy products for at least 1 hour 
before and 1 hour after DR-CYS dosing. If fasting during this period is not possible, it is acceptable 
to eat only a small amount (∼100 grams) of food (preferentially carbohydrates or acidic fruit such 
as orange juice or applesauce) during the hour before and after DR-CYS administration. In 
paediatric patients who are at risk of aspiration, aged approximately 6 years and under, the hard 
capsules should be opened and the content sprinkled on food or liquid and if required, 
administered through feeding tubes. This doesn’t affect the gastro-resistance and thereby the 
slow release effect.44 

 
Clinical data on cysteamine therapy 
No clinical study programme has been performed with the IR-CYS capsule formulation for 
registration purposes. The registration of IR-CYS was based on the clinical data from studies with the 
oral cysteamine solution.46 After registration, post marketing surveillance data are gathered and 
reported to health authorities for evaluation and update of the product information (PI) leaflet of IR-
CYS.43  
The registration of DR-CYS was based on a clinical programme on efficacy and safety, comprising of 5 
clinical studies, including 2 bioequivalence studies comparing the bioavailability of DR-CYS when 
administered as capsule and sprinkled on food, 1 phase IIb study intended to investigate the  
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pharmacokinetics (PK) and tolerability of the new formulation, 1 phase III efficacy/safety study 
intended to show non-inferiority when compared with IR-CYS and 1 safety extension study.47 For the 
comparison of DR-CYS and IR-CYS, the phase III study and safety extension study are discussed in this 
report. 
 
Efficacy of cysteamine therapy: DR-CYS versus IR-CYS 
A phase III study with an open label prospective randomised crossover design was conducted in 43 
patients treated with DR-CYS Q12h followed by IR-CYS Q6h or vice versa.48 Each treatment was for 3 
weeks ± 3 days. The patients in the phase III study were administered a starting dose of DR-CYS that 
consisted of 70% of their previous total daily IR-CYS dose. Short term non-inferiority was proven 
regarding WBC cystine depletion by DR-CYS in comparison to IR-CYS. Comparable WBC cystine levels 
(primary endpoint of the study) were achieved by a lower mean total daily dose of DR-CYS (82% of 
the total daily dose of IR-CYS). The least-squares mean peak value of WBC cystine level was 0.62 ± 
0.05 nmol ½ cystine/mg protein after 12 hours under DR-CYS and 0.54 ± 0.05 nmol ½ cystine/mg 
protein after 6 hours under IR-CYS, a difference of 0.08 ± 0.04 nmol ½ cystine/mg protein (95.8% 
confidence interval, 0–0.16). Forty-one patients completed the study (two siblings withdrew because 
of knee surgery of one of the siblings). 
Enrolment in a prospective observational study on DR-CYS, was offered to all patients who 
completed the phase III efficacy study. Forty of forty-one patients chose to enroll and received 
treatment with DR-CYS for 24 months with the aim to evaluate long-term safety and tolerability plus 
the effect on quality of life (QoL), change in estimated glomerular filtration rate (eGFR), and change 
in height using Z-scores.49 The mean WBC cystine levels remained optimally controlled (< 1 nmol ½  
cystine/mg protein) during the complete study period, although at the same time a significant dose 
reduction could be achieved (43.5 ± 10.8 mg/kg/d to 40.1 ± 13.1 mg/kg/d; p=0.05). The eGFR 
maintained stable and growth velocity at 24 months was equal to the baseline height Z-score. Two 
cystinosis patients in the observational study received DR-CYS for 5 to 6 years at a mean total daily 
dose of about 60% in comparison to IR-CYS (case report).50 Effective control of WBC cystine levels 
was observed again, without further deterioration in renal or thyroid function during the treatment 
period. 
 
Quality of life 
In the prospective observational study49 Investigators observed a significant improvement in QoL in 
social, school and total function when patients switched from IR-CYS to DR-CYS.  This difference 
versus baseline persisted throughout the 24 months period, while no significant loss of QoL in other 
domains (physical, emotional) was observed. 
 
Tolerance of cysteamine therapy: DR-CYS versus IR-CYS 
Overall, there were 52 patients with cystinosis being exposed to DR-CYS in the clinical safety 
evaluation for registration purposes of DR-CYS.47 Due to the lack of a clinical study programme, data 
on tolerance of IR-CYS come from post marketing surveillance data43 and from the comparative 
clinical phase III study for registration purposes of DR-CYS.48 
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In the randomized, controlled, crossover design phase III trial in 43 patients with nephropathic 
cystinosis, tolerance was compared between DR-CYS and IR-CYS based on treatment emergent 
adverse events (TEAE).48 Although DR-CYS showed more TEAEs (58.1% versus 37.1%), particularly for 
gastrointestinal complaints (32.6% versus 22.0%), this difference was not considered statistically 
significant. Most common adverse events (classified as ‘very common’) for both therapies were 
gastrointestinal disorders (like nausea, vomiting, diarrhoea and abdominal pain), general disorders 
and administration site conditions, metabolism and nutrition disorders and nervous system 
disorders. The higher incidence of gastrointestinal TEAEs is presumably caused by the per protocol 
mandated reduced concomitant use of proton pump inhibitors (PPIs) in the DR-CYS group (87% 
reduction in use of PPIs during identical time periods). A small number of patients accounted for the 
majority of TEAEs with DR-CYS. Use of PPIs was forbidden in the DR-CYS group unless a strong 
medical need existed.  
Cysteamine is a potent gastric acid-secretagogue. In children, a fourfold increase in gastric acid 
production and a 50% increase in serum gastrin levels to baseline have been observed with 
administration of cysteamine, causing the well-known frequent gastrointestinal complaints as 
nausea, dyspepsia and epigastric pain.51 The PI leaflets of both DR-CYS and IR-CYS state that 
cysteamine should be started on 1/6 to 1/4 of the targeted maintenance dose and increased 
progressively over the course of 4 to 6 weeks, to improve gastro-intestinal tolerance and neurologic 
tolerance.43 44 The dose should be raised if there is adequate tolerance and the WBC cystine level 
remains > 1 nmol ½ cystine/mg protein. The PI leaflet of IR-CYS reports that approximately 35 % of 
patients experience side effects at the initiation of therapy, mainly involving the gastrointestinal and 
central nervous systems. It is recommended to interrupt and gradually re-start the treatment in 
order improve tolerance. 
Concomitant use of PPIs has been found to be effective in the management of the induced gastric 
acid hypersecretion and ulcerogenity.52 According to the United States (US) Food and Drug 
Administration (FDA), pediatric patients should limit use of over-the-counter PPIs to 14 days at a time 
(up to three times a year).53 
 
Patients completing the phase III study were eligible to enter the Long-Term, Open-Label, Safety and 
Efficacy Study.49 So far, 60 patients have been enrolled in this extension study, 40 patients that 
previously completed the phase III Study and 20 that were newly recruited. In the open, 
observational (non-comparative) extension study, as of the cut-off date (June 2012), 62 % (n=37) and 
45 % (n=27) of the patients have completed ≥ 10 and 15 months of treatment, respectively. Overall 
85 % (n=51) have experienced one or more TEAEs and 47 % (n=28) had treatment-related TEAEs. The 
majority of treatment related TEAEs were gastrointestinal disorders (vomiting, abdominal pain, 
nausea, breath odour and diarrhea) as well as abnormal skin odour and decreased appetite. The 
majority of TEAEs were of mild or moderate intensity. There were 19 Severe adverse events (SAEs) 
reported of which 2 were considered to be possibly related to the study drug (Grade 3 constipation 
and Grade 2 diarrhea). For 2 patients the TEAEs were classified as Grade 4 (life-threatening) 
(unrelated hypocalcaemia and appendicitis).  The data were considered as no unexpected safety 
findings compared to the clinical phase III study.  
 
 

28

      CON T EN T S



29 
   
 

 
 
Post marketing surveillance data 
No post marketing data are yet available with DR-CYS due to its recent introduction. Based on the 
same active substance within DR-CYS and IR-CYS, the health authority body European Medicines 
Agency (EMA) has integrated post marketing surveillance data from IR-CYS in the PI leaflet of DR-CYS. 
The following TEAEs are reported for the active substance43 44 46 47: Benign intracranial hypertension  
(or pseudotumour cerebri) with papilledema; skin lesions, molluscoid pseudotumours, skin striae, 
skin fragility; joint hyperextension, leg pain, genu valgum, osteopenia, compression fracture and 
scoliosis have been reported with immediate-release cysteamine bitartrate. Two cases of nephrotic 
syndrome have been reported within 6 months of starting therapy with progressive recovery after 
treatment discontinuation. Histology showed a membranous glomerulonephritis of the renal 
allograft in one case and hypersensitivity interstitial nephritis in the other. A few cases of molluscoid 
pseudotumours on elbows have been reported in children chronically treated with relatively high 
doses of different cysteamine preparations (cysteamine hydrochloride or cystamine or cysteamine 
bitartrate) mostly above the maximal dose 1.95 g/m2/day. In some cases, these skin lesions were 
associated with skin striae and bone lesions first seen during an X-ray examination. Bone disorders 
reported were genu valgum, leg pain and hyperextensive joints, osteopenia, compression fractures, 
and scoliosis. In the few cases where histopathological examination of the skin was performed, the 
results suggested angioendotheliomatosis. One patient subsequently died of acute cerebral ischemia 
with marked vasculopathy. However, the direct relation with cysteamine therapy remained unclear. 
In some patients, the skin lesions on elbows regressed after cysteamine dose reduction. 
 
Practice based information 
Not reported as ‘very common’, but classified as ‘common’ TEAEs for both DR-CYS and IR-CYS are the 
adverse reactions halitosis (breath odour) and abnormal skin odour. Metabolism of cysteamine to 
the volatile sulfur compounds methanethiol and dimethylsulfide (DMS) leads to halitosis and 
abnormal skin odour.13 54 However, there is a large inter- and intra-patient variability of incidence in 
both children and adults. Although halitosis and abnormal skin odour may be mild to moderate, they 
are extremely bothersome to the patient. In daily practice halitosis and abnormal skin odour lead to 
skipping doses during social and/or professional (school/work) activities, therewith hampering 
compliance with cysteamine therapy to a great extent. Therefore, these adverse reactions are 
considered a major issue in the treatment of nephropathic cystinosis with cysteamine therapy. The 
oral supplements riboflavin and chlorophyll tablets are used by some patients. However, the benefits 
of these compounds have not been proven. The hypothesis that a lower mean total daily dose of DR-
CYS compared to IR-CYS, could lead to less clinical significant halitosis via a lower plasma peak 
concentration and area under the curve of dimethylsulfide, could not be confirmed yet. An early pilot 
study in four patients has shown a trend towards lower mean breath concentration and area under 
the curve for dimethylsulfide after DR-CYS intake in comparison to IR-CYS.55 However, the measured 
values remained above the threshold levels that cause halitosis.  
Although the clinical phase III study did not demonstrate a difference in incidence of halitosis among  
DR-CYS and IR-CYS patients, based on patient based information (PaBM) and practice based 
information (PrBM) it may be assumed that the frequency and timing of occurrence of halitosis may  
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differ. Halitosis and abnormal skin odour is usually stronger after the actual intake and is a well-
known reason for patients on IR-CYS therapy to skip the dose to be taken during the day in case of 
(foreseen) social/professional activities. The Q12h dosing regimen of DR-CYS therefore, may probably 
induce less halitosis events at more favourable time of the day (morning and evening instead of 
during the day at school, work or social activity with a Q6H regimen). In clinical studies this aspect of  
frequency of occurrence of halitosis hasn’t been measured, nor has it been studied in observational 
studies in daily practice, so evidence based information (EBM) is lacking. A recent survey, performed 
among patients on DR-CYS in The Netherlands and Belgium, reported less odour among some of 
them, however without details on frequency and timing of occurrence (practice based information, 
PrBM).  
A similar principle may be supposed for the frequency of occurrence of nausea after the intake of 
CYS-therapy. The survey reported that in some patients the severity of nausea with DR-CYS was 
higher in the morning and evening (PrBM) than with IR-CYS. This could be related to the higher dose 
of DR-CYS per intake and/or to the intake instructions (e.g. intake with orange juice on an empty 
stomach).   
As is known from practice based information from patients on IR-CYS or DR-CYS, there is a large 
inter- and intra-patient variability in halitosis and/or nausea among both children and adults. 
Another experience from daily practice is the relation between administration prerequisites of  
DR-CYS therapy and gastrointestinal disorders. For DR-CYS administration meals and dairy products 
for at least 1 hour before and 1 hour after DR-CYS dosing should be avoided.44 In daily practice this is 
experienced as a burden especially in children. Intake of DR-CYS together with food is known to  
reduce the absorption of DR-CYS. However, if fasting during this period is not possible, it is 
acceptable to eat only a small amount (∼ 100 grams) of food (preferentially carbohydrates or acidic 
fruit such as orange juice or applesauce) during the hour before and after DR-CYS administration. For 
administration of IR-CYS digestive tolerance is improved when IR-CYS is taken just after or with 
food.43 However, studies of the interaction of food with the absorption of IR-CYS have never been 
formally performed.  
 
Special considerations 
A further gastrointestinal risk concerns the capsule material used for DR-CYS that has been regarded 
as potentially related to fibrosing colonopathy after long-term treatment with pancreatic enzymes in 
patients with cystic fibrosis.44 Although the relationship with the coating agent, eudragit, has been 
discredited in favour of the causation by the high dose enzymes themselves56, a warning is included 
in the PI leaflet in line with already approved products using the same coating. In the Risk 
Management Programme (RMP) it is addressed as a potential risk.  
 
Based on recently reported dose-related side-effects (bruise-like lesions based showing reactive 
angioendotheliomatosis on skin biopsy, striae, bone pain and myalgia), it is recommended to 
calculate cysteamine dose based on body surface area, instead of body weight.57 Indeed, growing 
children show a greater increase in body weight than body surface area, which may lead to higher 
toxic doses. 
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Overall outcomes tolerance  
From the safety database all adverse reactions reported in clinical trials and during post marketing 
surveillance are evaluated and if applicable integrated in the PI leaflet of registered medicinal 
products. Therefore, the PI leaflets of both DR-CYS and IR-CYS are used as reference document for 
comparing the tolerance profile between DR-CYS and IR-CYS.43 44 

 

Table 1: Summary of the tolerance profile (adverse reactions) of DR-CYS and IR-CYS.43 44 

 PI leaflet DR-CYS 
 

PI leaflet IR-CYS 

Blood and lymphatic 
system disorders  

Uncommon: Leukopenia  Uncommon: Leukopenia 

Immune system 
disorders  

Uncommon: Anaphylactic reaction  Uncommon: Anaphylactic reaction 
 

Metabolism and 
nutrition disorders  

Very common: Anorexia  Very common: Anorexia 

Psychiatric disorders  Uncommon: Nervousness, hallucination  Uncommon: Nervousness, hallucination 
 

Nervous system 
disorders  

Common: Headache, encephalopathy  
Uncommon: Somnolence, convulsions 

Common: Headache, encephalopathy  
Uncommon: Somnolence, convulsions 

Gastrointestinal 
disorders  

Very common: Vomiting, nausea, diarrhea  
Common: Abdominal pain, breath odour, 
dyspepsia, gastroenteritis 
Uncommon: Gastrointestinal ulcer 

Very common: Vomiting, nausea, diarrhea  
Common: Abdominal pain, breath odour, 
dyspepsia, gastroenteritis  
Uncommon: Gastrointestinal ulcer 

Skin and subcutaneous 
tissue disorders  

Common: Skin odour abnormal, rash  
Uncommon: Hair colour changes, skin striae, 
skin fragility (molluscoid pseudotumour on 
elbows) 

Common: Skin odour abnormal, rash  
Uncommon: Hair colour changes, skin striae, 
skin fragility (molluscoid pseudotumor on 
elbows) 

Investigations Common: Liver function tests abnormal 
 

Common: Liver function tests abnormal 
 

Renal and urinary 
disorders 

Uncommon: Nephrotic syndrome 
 

Uncommon: Nephrotic syndrome 
 

Musculoskeletal and 
connective tissue 
disorders 

Uncommon: Joint hyperextension, leg pain, 
genu valgum, osteopenia, compression 
fracture, scoliosis 

Uncommon: Joint hyperextension, leg pain, 
genu valgum, osteopenia, compression 
fracture, scoliosis 

General disorders and 
administration site 
conditions 

Very common: Lethargy, pyrexia  
Common: Asthenia 

Very common: Lethargy, pyrexia  
Common: Asthenia 

 
 
Overall conclusion data about tolerance profile  
Although the safety data base is limited with DR-CYS, the active substance is approved in the same 
indication and has been used in the EU since 1997. From a clinical perspective, the most common 
side-effects involve gastrointestinal tract (nausea, vomiting, abdominal pain, breath odour and 
diarrhea), central nervous system (headache, somnolence and lethargy) and common general 
disorders (asthenia). The majority of TEAEs were of mild or moderate intensity. There are no major 
safety issues identified in any of the studies and the short-term tolerance profile of DR-CYS seems to 
be similar to that of IR-CYS.  
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Compliance 
Non-compliance with IR-CYS is frequent and is secondary to the tolerance profile and the strict  
6-hourly dosing regimen, causing progressive renal function deterioration and high rate of extra-
renal manifestations.58 The abnormal skin odour, halitosis and gastrointestinal side-effects impose a 
significant burden on daily social life, leading to regularly skipping doses in > 50% of the patients, 
mostly older patients (>11 years old).58  
Recently, Nesterova et al., 201559 correlated the adequacy of cysteamine therapy with preservation 
of kidney function. It was estimated that for every year of excellent cystine depletion, nearly 1 year 
of renal function was preserved. Therefore the authors recommend that cysteamine therapy should 
be given at the maximum tolerated dose, within the recommended limits. 
Similarly, non-compliance of cysteamine therapy on extra-renal manifestations results in worse 
outcomes. Research demonstrated that patients aged 21–30 years that have been well treated with 
cysteamine have significantly decreased frequencies of myopathy, pulmonary dysfunction, diabetes 
and death.31 Other powerful evidence indicates that cysteamine lowers cystine content in muscle and 
other tissues, and prevents or delays late, extra-renal complications of cystinosis.60 61 These studies 
demonstrated the consequences of non-compliance on renal and extra-renal complications and 
hence long term prognosis and therefore, the non-negotiable importance of maximum compliance. 
From the unambiguous relation between cysteamine therapy and its direct cystine-depleting effect 
in patients with the genetic disorder cystinosis, and from the validated correlation between 
sustained WBC cystine levels and prevention and/or delay of renal and extra-renal complications in 
the above mentioned studies, it is clear that sustained WBC cystine levels are an absolute 
prerequisite when taking cysteamine therapy. Therefore, any interference with compliance is 
considered a major issue. For when compliance is impaired, WBC cystine levels rise. 
 
Measuring compliance is a major problem because it cannot be studied by the usual strict 
protocolled randomised clinical studies. Compliance is best measured in real life studies with the use 
of special devices that for example measure the opening of the pill box. However, also these type of 
studies have their limitations (patients masking the opening of the box and throwing away the pills). 
Real life observational studies do seem appropriate for studying compliance as such, but beside the 
presumed risk of bias, measuring the effect of compliance on clinical outcomes requires long term 
studies. Another complicating factor is the large inter- and intra-patient variability in incidence of 
halitosis and abnormal skin odour. Variability also exists in daily life circumstances of patients (the 
extent of social activities) and in the way patients deal with the side-effects (yes or no skipping of 
doses). Moreover, as is characteristic for many orphan diseases, the small sample size and 
heterogeneity of the patient population result mostly in lack of demonstrable differences. 
It is not surprising that so far, little evidence based data is available on compliance of CYS-therapy. 
Recently, Ariceta et al. reported on a voluntary, anonymous survey on compliance in a group of 34 
cystinosis patients in Spain.62 With respect to treatment adherence, 89% of patients under 11 years 
of age received IR-CYS following a fixed four daily dose schedule compared with only 56% of older 
patients who took the correct number of four doses per day. Beside tolerance profile and dosing 
frequency, other factors such as disease complexity and limited awareness of the long-term outcome  
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of cystinosis were shown to play an additional role in patient compliance. 
Prior studies and publications reported similar compliance problems. In 2006, results from a Dutch 
study in 22 cystinosis patients showed that only 5/22 were compliant (70-80% non-compliance).58 
Non-compliant patients had the same daily dose but skipped night doses by prolonging the interval 
between last evening/night dose and morning dose. The study demonstrated that the 
administration of the same daily cysteamine dose distributed equally during 24 h results in 
significantly lower morning granulocyte cystine content, compared to the “only wake-time” regimen, 
applied by the majority of the patients. In a review from Belgium it was reported that only one third 
of the patients was fully compliant.37  
Due to the less frequent dosing regimen, treatment with the new DR-CYS formulation is expected to 
have a positive impact on patient adherence.  
 

1.2.2.2   Non-specific treatment 

Treatment of the renal Fanconi Syndrome and renal insufficiency  
Non-specific, symptomatic treatment of the renal FS includes providing appropriate nutrition and 
substituting renal losses; these are crucial to allow satisfactory growth. Renal transplantation is 
currently the treatment of choice for the ESRD.13 Renal transplantation does not correct the basic 
metabolic defect in other tissues, and cystine continues to accumulate, causing organ damage. 
However, proximal tubular disease does not recur in the transplanted kidney since the metabolic 
disorder is not present in the grafted organ, but native kidneys can cause rarely renal FS if they still 
produce urine. Renal graft biopsies have shown that cystine crystals may be deposited within the 
interstitial tissue and less frequently within the glomeruli, without clinical or biological manifestation. 
These crystals develop in the recipient mononuclear cells that infiltrate the transplant.63 Although 
renal FS can persist after dialysis or renal transplantation, it rarely necessitates a nephrectomy of the 
native kidneys, as the excessive fluid and electrolyte losses generally decrease during ESRD.13 Overall, 
the short term results of kidney transplantation in cystinosis patients are better than in other 
patients undergoing transplantation.64 After kidney transplantation patients require lifelong 
immunosuppressive therapies.  Although less frequently, patients with cystinosis can experience  
rejection episodes if they are not appropriately treated with immunosuppressive medications. 
Immunosuppressive therapies (mainly corticosteroids and tacrolimus) may increase the risk of 
developing diabetes mellitus; however, the benefits of these medications exceed their risks.65 
 
Treatment of extra-renal manifestations  
Unlike the effects on renal function, benefits of cysteamine therapy on extra-renal manifestations 
are apparent even if the therapy is started later, although existing complications are generally not 
reversible.35 In case of extra-renal manifestations, they should be treated accordingly with the 
current standard therapy for these manifestations. 
Powerful evidence indicates that oral cysteamine lowers cystine content in muscle and other tissues, 
and prevents or delays late, non-renal complications of cystinosis.1 31 39 60 61 Cysteamine treatment  
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decreases the risk of developing swallowing impairment associated with myopathy, which can be life-
threatening,66 and preserves thyroid and pancreatic functions, eliminating the need for hormone 
replacement (thyroxin, insulin)37 39. Vascular calcifications also occur less frequently in adult patients 
who receive cysteamine.31 Cysteamine promotes growth and bone maturation, allowing several 
patients to reach normal adult height without GH therapy.1 2 37  
In figure 1 the outcomes are illustrated of research among patients aged 21–30 years that have been 
well treated with cysteamine, showing significantly decreased frequencies of myopathy, pulmonary 
dysfunction, diabetes and death (figure 1).31 

    
Figure 1: Percent of the patients with diabetes, myopathy, pulmonary dysfunction, death and hypothyroidism between 
21 and 30 years old not treated with cysteamine (off cysteamine, blue) and well-treated with cysteamine (on cysteamine, 
red). Original data provided by Dr W. Gahl and Dr G. Nesterova.31 60 61 
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Part 2: Clinical and patient/caregiver relevance procedure 
 
 
2.1  Introduction  

 
2.1.1    Rationale and objective of the relevance procedure 
2.1.2    Structure of the report 

 
 
 
2.2  Methods  

 
2.2.1    Methodology of the relevance procedure 
2.2.2    Hypothesis 
2.2.3    Defining criteria for clinical and patient/caregiver relevance 
2.2.4    Procedure 

 
 
 
2.3  Assessment of the criteria for clinical and patient/caregiver relevance  

 
2.3.1    Relevance criterion 1: Complications of the disease 
2.3.2    Relevance criterion 2: Safety profile/tolerance profile 
2.3.3    Relevance criterion 3: Compliance 
2.3.4    Relevance criterion 4: Quality of life 
2.3.5    Relevance criterion 5: Management of the therapy 
2.3.6    Relevance criterion 6: Organisation of care 

 
 
 

2.4  Outcomes and conclusions 

 
2.4.1 Outcomes of the assessment of the relevance criteria 
2.4.2     Conclusions clinical and patient/caregiver relevance 
2.4.3 Discussion 
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2.1  Introduction  
 

 
2.1.1    Rationale and objective of the relevance procedure 
2.1.2    Structure of this report 

 
 
 

2.1.1 Rationale and objective of the relevance procedure   
 
Rationale of a relevance procedure 
European health authorities set high standards on the quality of the development of new orphan 
medicinal products and the assessment process for the market authorisation. If a medicine is 
authorised under the applicable registration procedure (the European Medicines Agency, EMA, or 
local registration body), then a second procedure follows to determine whether the medicine should 
be included in the (national) health insurance package (coverage). In many European member states, 
the marketing authorisation holder has to apply for coverage to the Ministry of Health, which is 
advised by an appointed health technology assessment body after (extensive) assessment of the 
application. The advice of health authorities on coverage under the national health insurance 
package is based on the value for money of a new medicine. Health authorities will make a trade-off 
between the incremental, clinical benefit and the premium price of the new medicine versus 
standard care. The assessment of the incremental, clinical benefit is predominantly based on the 
traditional efficacy-safety ratio mostly supplemented with cost-effectiveness data.  
For orphan medicinal products there will be great difficulty in defining and measuring clinical 
outcome, health benefits and observing a change which is significant by conventional standards. The 
key problems are 1) limited sample size; a limited number of potential patients with a specific 
disease and 2) heterogeneity; the spectrum of disease severity within an individual disease may be 
enormous, ranging from early infancy to adulthood and from life threatening to mildly disabling; 
furthermore, patients to be included may be in various stages of the disease at the time treatment 
can be initiated.67 Furthermore, a third problem is the lack of historical epidemiological data which 
would allow an estimation of the expected course of the disease (without treatment), and the lack of 
biomarkers to monitor disease progression. As a result, some of these orphan medicinal products are 
rejected for coverage, while others are accepted for coverage. Contrasting the marketing 
authorisation procedure based on a final judgment of a positive benefit-risk balance, the coverage 
decision processes lack transparency and a clear formalised structure or framework, which justifies 
the criteria, arguments and final decision.67 Therefore, it is necessary that effort is put into defining 
the overall relevant health gain of orphan medicinal products that is not only based on the limited 
clinical data (evidence based medicine [EBM]) at the time of launch (marketing authorisation) but 
also includes real life data and physician and patient/caregivers experiences (practice based medicine 
[PrBM] and patient based medicine [PaBM]). 
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Determination of the overall relevant gain of an orphan medicinal product for a particular orphan  
disease provides the basis for optimising the use of medicines in those patients that benefit to an 
extent that is defined as relevant. The question is who decides what is a relevant change in outcomes 
for patients which society might consider worth funding? It could be one of the patient, the family, 
the treating doctor, clinical experts, regulatory authorities, HTA bodies, the public, or all of them?  
For the definition of a relevant gain we need to know the social significance of clinical and other 
changes observed by the experts. Therefore, a relevant gain is best determined by physicians, 
patients and their caregivers.   
 
Objective of this relevance procedure 
Cystinosis is a rare, autosomal recessive inherited lysosomal storage disease. It is the most frequent 
and potentially treatable cause of the inherited renal Fanconi Syndrome (FS). If left untreated, renal 
function rapidly deteriorates towards end-stage renal disease (ESRD) by the end of the first decade of 
life. Due to its rarity and nonspecific presentation, the entity is often not promptly recognized 
resulting in delayed diagnosis. Two major milestones in cystinosis management, cystine-depleting 
therapy with cysteamine and renal allograft transplantation, have had a considerable impact on the 
natural history and prognosis of cystinosis patients. However, due to its significant side-effects and a 
strict 6-hourly dosing regimen, non-adherence to the immediate release cysteamine bitartrate 
formulation (IR-CYS) is a major issue that might affect long-term outcome. In 2013, a new twice-daily 
administered delayed-release enteric-coated formula of cysteamine bitartrate (DR-CYS) has been 
approved by the EMA for the treatment of cystinosis, and has been shown to be safe and effective.  
 
The objective of this clinical and patient/caregiver relevance procedure is determining the overall 
relevant gain of cysteamine therapy DR-CYS in comparison to the standard therapy with IR-CYS in 
patients with cystinosis from both a clinical and a patient/caregiver perspective.  
The relevance procedure is performed for Belgium and The Netherlands by Belgian and Dutch clinical 
and patient/caregiver experts. The relevance procedure is captured in a public report and made 
available in the public domain, aimed at stakeholders and interested parties, such as professional 
association(s), patient association(s) and agencies in the field of public health. We explicitly ask 
recipients of the report for comments and contributions. 
 
 
2.1.2 Structure of the report  
 
Part 1 of this report covers the background of the disease nephropathic cystinosis and its treatment.  
In part 2 we present the clinical and patient/caregiver relevance procedure. First, the methodology is 
described. Subsequently, the criteria for relevance are discussed in a framework that combines both 
the clinical and patient/caregiver perspective. Based on the outcomes of the individual criteria, we 
conclude on the overall relevant gain of cysteamine therapy with DR-CYS in comparison to the 
standard therapy with IR-CYS in patients with nephropathic cystinosis from both a clinical and a 
patient/caregiver perspective.  
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2.2  Methods  
 

 
2.2.1    Methodology of the relevance procedure 
2.2.2    Hypothesis 
2.2.3    Defining criteria for clinical and patient/caregiver relevance 
2.2.4    Procedure 
 

 
 

2.2.1    Methodology of the relevance procedures 
 
This clinical and patient/caregiver relevance procedure is performed on the basis of the cystinosis 
care in The Netherlands and in Belgium.  
 
Sources of information 
From a methodological point of view, the judgment of clinical as well as patient/caregiver relevance 
cannot be based on scientific evaluation (Evidence Based Medicine, EBM: judgment based on 
publications including guidelines) alone. The experience from daily practice is an indispensable 
prerequisite for interpreting scientific data and therefore for determining relevance. In this respect 
we speak of practice based medicine (PrBM: judgment based on practical experiences of patients and 
professionals). This applies to both clinical and patient/caregiver relevance, though patient/caregiver 
relevance does include a third component, called Patient Based Medicine (PaBM: judgment based on 
specific direct experience from patients and caregivers). The latter refers to information that is 
provided by patients themselves and if applicable by caregivers. Caregivers are predominantly the 
source of patient based information in pediatric diseases and elderly diseases like Alzheimer, where 
caregivers are in charge of managing the disease and its treatment on behalf of the patient. 
Due to the importance of PrBM and PaBM, assessment of relevance from a clinical and 
patient/caregiver perspective can be performed exclusively by experts that are in a position to 
integrate scientific knowledge and practical experience as well as patient/caregiver experience. 
These experts are in an ideal position to judge what would be a relevant improvement and ultimately 
to set this as a standard.  
 
Assessors 
In this expert procedure, the clinical experts are specialists with an extensive and long history of 
treating children and adults with the orphan disease nephropathic cystinosis. The clinical experts are 
connected to the main cystinosis expertise centres in The Netherlands (Radboudumc, Nijmegen) and 
in Belgium (UZ Leuven). The clinical experts do also have a long history in research on nephropathic 
cystinosis. The patient/caregiver experts are managing the cystinosis patient organisation in both 
countries (Dutch Cystinosis Group and Belgian Cystinosis Group), which provides them with contact  
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to all cystinosis patients and their caregivers and moreover access to all kinds of patient/caregiver 
aspects of the disease (clinical situation, social life, quality of life, work, school).  
 
Methodology 
Assessment of relevance can be construed from one single aspect, parameter or criterion or from a 
set of criteria, leading to an initial assessment of relevance of all individual criteria and subsequently 
to the assessment of the overall relevance. In the literature, a design in which a variety of criteria is 
used to assess the value or relevance of a treatment is referred to as a 'multi-criteria decision 
support'.68 The pharmaco-economic perspective is not included in this assessment. 
The methodology of relevance procedures tests a hypothesis. The hypothesis is defined by the 
experts. If multiple criteria are used, then multiple hypotheses are defined. The overall relevance 
assessment is based on the testing of the overall hypothesis.  
 
For the purpose of this clinical and patient/caregiver relevance procedure for determining the overall 
relevant gain of DR-CYS versus IR-CYS in patients with nephropathic cystinosis from a clinical and 
patient/caregiver perspective, the experts defined in a consensus meeting one overall hypothesis 
and six clinical and six patient/caregiver relevance criteria (figure 3). Per relevance criterion an 
objective was formulated, a corresponding parameter was defined, a hypothesis was pre-defined and 
a quantitative or qualitative relevant improvement was pre-defined. Based on the combined results 
of the six criteria, the overall hypothesis was confirmed or rejected from each respective clinical and 
patient/caregiver perspective. 
Per criterion, the experts collected literature, documentation as well as data on daily practice and 
specific patient experiences with nephropathic cystinosis and its treatment. The data was grouped by 
type of source, namely: Depending on the quantity and quality of the available information by 
category EBM, PrBM and PaBM, the basis of the clinical and patient/caregiver relevance judgment 
may not be supported equally 'hard' for each individual criterion (figure 2). 
 
Figure 2: Fictitious schematic example of how criteria for relevance may be supported differently by evidence from the 
literature and/or evidence from daily practice. 
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In a second consensus meeting, the experts judged per criterion whether the pre-defined relevant 
improvement has been achieved by DR-CYS versus IR-CYS in an average population of patients with 
nephropathic cystinosis. This was done for each of the clinical relevance criteria as well as for each of 
the patient/caregiver relevance criteria. Based on the combined results of the six clinical respectively 
six patient/caregiver relevance sub-criteria, the overall hypothesis was confirmed or rejected from 
the clinical perspective, respectively the patient/caregiver perspective. 
 

 
2.2.2     Hypothesis 
 
The overall hypothesis is defined as: 'From the clinical and/or patient/caregiver perspective, 
cysteamine treatment with the new delayed-release cysteamine bitartrate (DR-CYS) for the 
treatment of nephropathic cystinosis provides a relevant improvement over the standard cysteamine 
treatment with immediate-release cysteamine bitartrate (IR-CYS)’. This overall hypothesis was tested 
based on six clinical and six patient/caregiver, through consensus, defined criteria, which were each 
judged on relevance by the clinical and patient/caregiver experts. Based on the joint outcomes of the 
clinical and of the patient/caregiver criteria, the overall hypothesis is either confirmed or rejected 
from each clinical and patient/caregiver perspective separately. 
 

 

2.2.3     Defining criteria for clinical and patient/caregiver relevance 
 
The clinical experts identified the following criteria for clinical relevance from the clinical perspective: 
complications of the disease, tolerance profile, compliance, quality of life, management of the 
therapy and organisation of care. The patient/caregiver experts identified similar relevance criteria 
from the patient/caregiver perspective.  
For each individual criterion, the respective experts judged the relevance between the DR-CYS and 
IR-CYS formulation of cysteamine bitartrate. This judgment was based on the per relevance criterion 
pre-defined sub-hypothesis, corresponding parameter and the quantitative or qualitative measure 
for relevant improvement. Subsequently, the outcomes of all criteria into one overall outcome for 
clinical relevance and one overall outcome for patient/caregiver relevance, was defined, resulting in 
confirmation or rejection of the main hypothesis. Figure 3 shows the criteria for clinical and 
patient/caregiver relevance. 
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Figure 3: Schematic overview of the overall hypothesis and underlying criteria for clinical and patient/caregiver 
relevance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
2.2.4    Procedure  
 
The relevance procedure distinguishes the following steps: 

Pre-consensus meeting 
1.   Systematic collection of information: 

EBM (evidence based medicine) perspective: judgment based on (scientific) publications. 
PrBM (practice based medicine) perspective: judgment based on practical experiences of 
doctors, patients and other experts/bodies. 
PaBM (patient based medicine) is the patient (user) perspective: Is the treatment aim of the 
patient better achieved both medically/pharmaceutically, as well as individually and socially; 
the own autonomy may be enhanced by less dependence on care and better participation in 
school, work; the quality of life increases. The patient based factors that are important for 
determining patient/caregiver relevance are partially derived from the basic set of quality 
criteria for Quality of Care (KIZ 2010).69  

2.   Analysis and interpretation of the information. 
 
 

Complications of the disease 

Organisation of the care 

Compliance 

Safety/tolerance profile 

 

 

 

 
Quality of life 

Management of the therapy  

Delayed-release (DR-CYS) versus 
immediate-release (IR-CYS) 

formulation of cysteamine bitartrate 

Hypothesis: DR-CYS provides a relevant improvement 
over IR-CYS from a clinical and/or a patient/caregiver 

perspective. Confirmed or rejected? 
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First consensus meeting 
3.   Definition of the overall hypothesis and relevance criteria, including formulation of a sub- 
      hypothesis, measure, parameter and 'norm for relevant improvement’ pertaining to the each  
      criterion and each perspective (clinical and patient/caregiver perspective). 
4.   Assessment of individual criteria and establishment of preliminary outcomes. 
      The outcomes are visualized as a ‘bar-figure’ in which all composite outcomes for the two  
      therapies are balanced against each other on a 1-100% scale. 
 
Second consensus meeting 
5.   Draft report on all criteria.  
6.   Validation of assessment of all criteria and preliminary outcomes. 
7.   Preliminary final conclusion on relevance measure of each criterion. 
8.   Formulation of preliminary overall conclusions on clinical and patient/caregiver relevance 
 
Third consensus meeting 
9.    Final draft report on outcomes of all individual criteria for relevance and of the overall relevance  
       outcomes from both clinical and patient/caregiver perspective. Evaluation and if applicable  
       adjustment of the final draft report. 
10.  At this stage, expert peer review was requested for the clinical relevance; the expert peer  
       reviewers were requested to give feedback on the total report.  
       Review of the patient/caregiver findings was done by the patient/caregiver experts  
       themselves through a survey among the Dutch and Belgian patients who have had both DR-CYS  
       and IR-CYS therapies.  
11.  Final conclusions and final report by the experts. 
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2.3  Assessment criteria clinical and patient/caregiver relevance  
 

 
2.3.1    Criterion 1: Complications of the disease 
2.3.2    Criterion 2: Safety profile/tolerance profile 
2.3.3    Criterion 3: Compliance 
2.3.4    Criterion 4: Quality of life 
2.3.5    Criterion 5: Management of the therapy 
2.3.6    Criterion 6: Organisation of care 
 

 
  

2.3.1 Criterion 1:  Complications of the disease 
 
 
2.3.1.1 Definition of clinical and patient/caregiver relevance for criterion 1: complications 
 
In table 2 the objective, parameter, hypothesis and relevant improvement are pre-defined for 
criterion 1 ‘complications’ from a clinical and a patient/caregiver perspective. 
 
Table 2: Definition of objective, parameter, hypothesis and relevant improvement for criterion 1. 
 

 Clinical perspective 
 

Patient/caregiver perspective 

Criterion Complications of the disease 
 

Complications of the disease 

Objective WBC cystine level <1 nmol ½ cystine/mg protein, 
no progressive deterioration in renal function 
and no extra-renal complications 

WBC cystine level <1 nmol ½ cystine/mg protein, 
no progressive deterioration in renal function and 
no extra-renal complications  

Parameter -Pre-transplanted patients: WBC cystine level,  
renal function and growth  
-Transplanted patients: WBC cystine level and 
thyroid function 

-Pre-transplanted patients: WBC cystine level,  
renal function and growth  
-Transplanted patients: WBC cystine level and 
thyroid function 

Hypothesis -Pre-transplanted patients: DR-CYS results in a 
sustained WBC cystine level <1 nmol ½ cystine/ 
mg protein, less progressive deterioration of the 
renal function and a better growth versus IR-CYS 
-Transplanted patients: DR-CYS results in a 
sustained WBC cystine level <1 nmol ½ 
cystine/mg protein and delay age of onset of 
extra-renal complications versus IR-CYS 

-Pre-transplanted patients: DR-CYS results in a 
sustained WBC cystine level <1 nmol ½ cystine /mg 
protein, less progressive deterioration of the  renal 
function and a better growth versus IR-CYS 
-Transplanted patients: DR-CYS results in a 
sustained WBC cystine level <1 nmol ½ cystine/mg 
protein and delay age of onset of extra-renal 
complications versus IR-CYS 

Relevant 
improvement 

-Pre-transplanted patients: To achieve a 
sustained WBC cystine level <1 nmol ½ cystine 
per mg protein, to achieve any less deterioration 
of renal function and to achieve a better growth 
-Transplanted patients: To achieve a sustained 
WBC cystine level <1 nmol ½ cystine/mg protein 
and less hypothyroidism and muscle wasting  

-Pre-transplanted patients: To achieve a sustained 
WBC cystine level <1 nmol ½ cystine per mg 
protein, to achieve any less deterioration of renal 
function and a better growth 
-Transplanted patients: To achieve a sustained 
WBC cystine level <1 nmol ½ cystine/mg protein 
and less hypothyroidism and muscle wasting   
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2.3.1.2 The assessment of criterion 1: complications 
 
Nephropathic cystinosis and its treatment 
Cystinosis is a rare autosomal recessive error of metabolism in which the amino-acid cystine 
transporter from the lysosomes is mutated or absent leading to cystine accumulation in cells.  
Initially, cystinosis affects kidneys leading to proximal tubular damage (renal Fanconi syndrome 
[renal FS]) and progressive renal insufficiency. Various extra-renal manifestations gradually develop 
during childhood, adolescence and adulthood. Because of its rarity, the diagnosis and specific 
treatment of cystinosis are frequently delayed, which has a significant impact on the overall 
prognosis.1 Some patients are diagnosed only when they present with ESRD. 
Specific, cystine-depleting therapy with cysteamine represents the cornerstone of cystinosis 
treatment.13 It is the only available target specific treatment for cystinosis patients. Although 
cysteamine does not cure the disease, it dramatically improves the overall prognosis. Cysteamine has 
little effect on the renal FS, the corneal cystine accumulation and azoospermia, but initiated early in 
the course of the disease, it delays the progression to ESRD, the need for a renal allograft, the 
development of extra-renal complications and it improves growth. 1 2 31 34 35 36 38 39 66  
Cysteamine promotes growth and bone maturation, allowing several patients to reach normal adult 
height without GH therapy.1 2 37 However, cysteamine cannot induce a catch-up of growth in children 
whom are already growth-retarded.15 40  
Currently two cysteamine therapies are available, an immediate release cysteamine bitartrate (IR-
CYS43, since 1997), to be taken at a strict 6-hour interval and a delayed-release cysteamine bitartrate 
(DR-CYS44, since 2013) to be taken at a strict 12-hour interval. It is well recognized among specialists, 
patients and caregivers that IR-CYS cysteamine therapy itself imposes a significant burden on 
cystinosis patients in daily practice. Poor compliance is a major issue due to gastrointestinal side-
effects, halitosis, and a strict 6-hourly dosing regimen, contributing to progressive renal function 
deterioration and poor growth.1 31 58 59 60 61 DR-CYS is expected to warrant patients from this burden.  
 
Efficacy of CYS therapy: surrogate endpoint 
The cysteamine dosage is titrated on the leucocyte (white blood cell, WBC) cystine level < 1 nmol ½ 
cystine/mg protein. Traditionally, the WBC cystine level is used as a classical biomarker to monitor 
the efficacy of cystine depletion therapy. It is monitored by taking a blood sample 6 hours after the 
last administration of IR-CYS and 30 minutes after the morning dose for DR-CYS, both being the 
moment of least cystine depletion. Newer recommendations which are more clinically acceptable are 
to draw the level prior to the dose to account for unpredictable wait times at clinical laboratories. 
 
Effectiveness of CYS therapy: hard endpoints 
Through the control of the WBC cystine level, cysteamine therapy reaches its therapeutic goal: the 
prevention of disease progression and complications. There is a direct relationship between 
cysteamine therapy and long-term prognosis and therefore on complications of the disease. For IR- 
CYS, it has been demonstrated that failure to adhere to this strict Q6H dosing regimen and therewith  
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strictly controlling WBC cystine levels, resulted in more rapid deterioration of kidney function as WBC 
cystine levels rose.36 Recently, Nesterova et al., 2015 correlated the degree of compliance with 
cysteamine therapy with preservation of kidney function.59 It was demonstrated that greater 
compliance with oral cysteamine therapy yields greater preservation of renal glomerular, but not 
tubular function. For every year of excellent cystine depletion, ESRD was postponed with nearly 1 
year.  
Similarly, non-compliance of cysteamine therapy affects extra-renal manifestations resulting in worse 
outcomes. Powerful evidence indicates that compliance with cysteamine therapy lowers cystine 
content in muscle and other tissues, and prevents or delays late, extra-renal complications of 
cystinosis.31 60 61 Research demonstrated that patients aged 21–30 years that have been well treated 
with cysteamine have significantly decreased frequencies of myopathy, pulmonary dysfunction, 
diabetes and death.31 Cysteamine promotes growth and bone maturation, allowing several patients 
to reach normal adult height without GH therapy.1 2 37 It postpones the need for thyroid hormone 
substitution, depletes the skeletal muscle parenchyma of cystine hereby preventing myopathy, and 
improves growth parameters especially when initiated in early infancy. However, cysteamine cannot 
induce a catch-up of growth in children whom are already growth-retarded.15 40 

Based on the current available clinical evidence, the WBC cystine level is a validated surrogate 
parameter for effectiveness on renal and extra-renal manifestations and therefore for measuring 
complications.  
Prospective measurement of hard (effectiveness) parameters such as the progression to ESRD, the 
need for a renal allograft, the development of extra-renal complications and growth, require long 
term clinical studies of at least many years/decades. Clinical studies with orphan medicinal products 
as such, including also long-term studies, are hampered by the typical small sample size and 
heterogeneity in disease expression, variety in affected organs, and duration and severity of the 
orphan disease. This results in difficulty to reach statistical significance in the total, heterogeneous, 
study population as well as in the ultra-small homogeneous subpopulations.67  
Although these studies may be required from a classical evaluation perspective, such studies often 
fail to include sufficient homogeneous subpopulations for an appropriate statistical analysis and fail 
to provide clear answers on hard endpoints. And even if it would be feasible from a sample size point 
of view, the outcomes of these parameters, such as complications, would only be available long after 
an orphan medicinal products’ market exclusivity period of 10 years after introduction to the market 
due to the slow progression rate for complications to develop. In multi-organ systemic diseases, a 
composite endpoint defined as ‘time to first complication’ may better serve the sample size and 
heterogeneity problem in orphan diseases. In most cases, observational cohort studies and registries 
are the most important source for gathering long-term data. 
For answers at the time of introduction to the market, surrogate endpoints may be appropriate, 
especially if the direct relation between surrogate endpoint and clinical hard parameter is validated.  
 
Explanation of the treatment objective and parameter 
The objective of cysteamine therapy is three fold:  
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- Primary objective is a WBC cystine level <1 nmol ½ cystine per mg protein. 
- Through the primary objective the following secondary objectives are  

o To slow down progressive deterioration in renal function and 
o To prevent or postpone extra-renal complications.  

 
The parameters for measuring these objectives are: 

- The WBC cystine level itself 
- For renal function the glomerular filtration rate (GFR) is a direct parameter. Renal function  

itself is a validated prognostic factor for ESRD, almost unavoidable in nephropathic cystinosis 
patients, as is shown already from extensive available literature. 
An indirect parameter and validated proxy for renal function is the WBC cystine level, given  
the demonstrated effect of compliance on delay of renal function deterioration However, in 
transplanted patients, renal function does not serve anymore as a disease specific parameter 
because the new kidney restores the renal function and the new kidney cells do not lack 
cystinosin protein, so no cystine accumulates.  

- For extra renal complications the WBC cystine level serves as a validated proxy based on the 
correlation between cysteamine therapy and lowering of cystine levels in muscle and other 
tissues and the prevention of delay of extra-renal, complications of cystinosis.60 61 This is 
confirmed by the correlation between compliance on cysteamine therapy and the significant 
decreased frequencies of myopathy, pulmonary dysfunction, diabetes and death.31 
Of all extra-renal complications, growth (height velocity), thyroid function and muscle 
wasting can be measured rather early in the disease progression. Therefore thyroid function 
and muscle wasting can be addressed as direct parameters for the extra-renal complication 
hypothyroidism respectively respiratory insufficiency. 

 
Explanation of hypothesis and relevant improvement 
The hypothesis is defined for pre-transplanted patients as: ‘DR-CYS therapy results in a sustained 
WBC cystine level <1 nmol ½ cystine/mg protein and slower progressive deterioration of the renal 
function than with IR-CYS’. For transplanted patients: DR-CYS therapy results in a sustained WBC 
cystine level <1 nmol ½ cystine/mg protein and delay of the age of onset of extra-renal 
complications.   
Relevant improvement is defined for pre-transplanted patients as: ‘To achieve a sustained WBC 
cystine level <1 nmol ½ cystine/mg protein and to achieve slower deterioration of renal function’. 
Both parameters are validated proxies for effectiveness. For transplanted patients: ‘To achieve a 
sustained WBC cystine level <1 nmol ½ cystine/mg protein and less hypothyroidism and muscle 
wasting’.  The WBC cystine level is a validated proxy for effectiveness. Thyroid function and muscle 
wasting are hard parameters for effectiveness. 
 
Assessment of relevance 
For determining the relevance for criterion 1, the effect on the parameters WBC cystine level  
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<1 nmol ½ cystine/mg protein, renal function and the extra-renal complications thyroid function and 
muscle wasting are compared between the two available cysteamine therapies, DR-CYS and IR-CYS. 
 
Comparison in clinical studies 
A phase III study with a randomised crossover design was conducted in 43 patients with 
nephropathic cystinosis treated with DR-CYS Q12h followed by IR-CYS Q6h or vice versa. Each 
treatment was for 3 weeks ± 3 days. This study demonstrated that there was no difference in control 
of WBC cystine-levels when IR-CYS used Q6h was substituted with the DR-CYS administered every 12 
hours (Q12h).48 The least-squares mean peak value of WBC cystine level was 0.62 ± 0.05 nmol ½  
cystine/mg protein after 12 hours under DR-CYS and 0.54 ± 0.05 nmol ½ cystine/mg protein after 6  
hours under IR-CYS, a difference of 0.08 ± 0.04 nmol ½ cystine/mg protein (95.8% confidence 
interval, 0–0.16). The average steady-state total daily dose of DR-CYS was 82% of the incoming  
steady-state total daily dose of IR-CYS. Through this clinical study the new DR-CYS, twice-daily 
formulation of cysteamine has proven its non-inferiority in effective leucocyte cystine depletion in 
comparison to IR-CYS.  
In an extension of the previous phase III study, 40 of the 43 who completed the phase III efficacy 
study, received treatment with the delayed-release formula for more than 2 years with the aim to 
evaluate the effect on quality of life (QoL), change in estimated GFR, and change in growth Z-score.49 
The mean WBC cystine levels remained optimal (<1 nmol ½ cystine/mg protein) during the complete 
study period. Investigators observed that renal function and growth Z-score did not change 
significantly over a 24-months period.   
Due to the strict protocolled design, this type of clinical studies does not serve the purpose of 
measuring a difference in WBC cystine level between DR-CYS and IR-CYS based on a difference in 
compliance due to a strict control of compliance. Therefore, a difference in WBC cystine level 
between DR-CYS and IR-CYS could best be demonstrated in real life observational studies. However 
such studies do have their own complicated methodology and performance flaws. 
 
Comparison in daily practice 
Patient adherence with IR-CYS is challenging due to its dosing frequency and the need for lifelong 
treatment from the usually very young age of diagnosis (first year of age).61 Because IR-CYS must be 
taken every 6 hours (Q6H) around the clock based on the pharmacoefficiency of cystine depletion, 
patients must be awakened in the middle of the night to be fully adherent. The issue of non-
compliance to IR-CYS therapy is studied by Ariceta et al. in a group of 34 cystinosis patients in Spain 
by means of a voluntary, anonymous survey.62 With respect to treatment adherence, 89% of patients 
under 11 years of age received IR-CYS following a fixed four daily dose schedule compared with only 
56% of older patients who took the correct number of four doses per day. Nevertheless, whereas the 
majority of children under 11 years of age followed the cysteamine prescription correctly (94%), the 
percentage dropped dramatically in older patients (50%). Prior studies and publications report similar 
compliance problems. In 2006 results from a Dutch study in 22 cystinosis patients showed that only 
5/22 were strictly compliant on IR-CYS (70-80% non-compliance).58 Non-compliant patients had the 
same daily dose as compliant patients but skipped night doses by prolonging the interval between 
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last evening/night dose and morning dose. The study demonstrated that the administration of the 
same daily cysteamine dose distributed equally during 24 h results in significantly lower morning 
granulocyte cystine content, compared to the “only wake-time” regimen, applied by the majority of 
the patients. In a review from Belgium it is reported that only one third of the patients on IR-CYS was 
fully compliant.37  
Real life data for DR-CYS are not yet available due to its recent introduction. Besides, the clinical 
;studies are mainly performed in the child-population, which, ethically, only allows strict necessary 
research from a burden point of view and which also implies that long-term follow-up is needed as 
late complications frequently appear after many years. 
 
Discussion:  
From the literature, it is known that a decrease in dosing schedule leads to better compliance.70 71 
The dosing schedule with DR-CYS differs in many aspects substantially from the dosing schedule of  
IR-CYS. DR-CYS therapy not only has a reduced dosing frequency, but it avoids the obligation to  
administer during school, during work and particularly during the night. It may need no confirmation 
from comparative studies that the avoidance of the night dosage has major impact on the life of  
patients and caregivers in case of pediatric patients and on the life of adult patients and their 
partner.  
From the literature, it is also known that adequate cysteamine therapy leads to better outcomes on 
renal and extra-renal complications, like pulmonary dysfunction, myopathy, diabetes mellitus, 
hypothyroidism, death (see figure 1) and growth.31 37  
Another aspect that acknowledges the relation between compliance and clinical effect is the 
unambiguous relation between the therapy and its mode of action. In the metabolic disease 
cystinosis, cysteamine therapy facilitates cystine-depletion from the lysosomes therewith managing 
the cystine accumulation in cells that so characteristically damages the kidneys and other extra-renal 
organs and tissues. Due to this unambiguous relation, it is obvious that lack of intake or non-
compliance will result in more complications. This phenomenon has been acknowledged broadly for 
specific metabolic diseases even without proof through clinical studies.  
Based on the convenience of twice-daily dosing and on the observations that a DR-CYS form of 
cysteamine bitartrate can effectively keep WBC cystine levels in an optimal range for patients with 
cystinosis, it is very likely that DR-CYS, in comparison to IR-CYS, improves patient adherence and 
therewith ameliorates the deleterious effects of cystinosis on both kidney function and extra-renal 
organ impairment. 
 
 
2.3.1.3 Conclusion on clinical and patient/caregiver relevance for criterion 1: complications  
 
Summary of characteristics of DR-CYS and IR-CYS related to ‘complications of the disease’: 

 
 In clinical studies with a strict protocolled design, DR-CYS achieves equal trough WBC cystine 

levels compared to IR-CYS (non-inferiority);48 
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 For obtaining good WBC cystine levels compliance is important in daily practice. Data from 
daily practice show that < 50% of older patients (> 11 years of age) on IR-CYS therapy adhere 
to the strict Q6h dosing schedule;62 

 There is evidence that failure to adhere to this strict Q6H dosing regimen results in more 
rapid deterioration of renal and other organ function (as WBC cystine levels rise).31 58 59 60 61 
Patients, well treated with cysteamine, have significantly decreased frequencies of 
myopathy, pulmonary dysfunction, diabetes and death and also less hypothyriodism;31 

 WBC cystine levels and renal function are validated proxies for renal complications in pre-
transplanted patients; 

 WBC cystine levels is a validated proxy for extra-renal complications in transplanted patients  
 It is too early to have evidence based information about compliance on DR-CYS and its 

subsequent effect on complications; 
 Based on the twice-daily dosing it is highly likely that DR-CYS improves patient adherence 

and therewith leads to better sustained WBC cystine levels in daily practice than with IR-CYS; 
therefore it is highly likely that more sustained WBC cystine levels in daily practice with  
DR-CYS versus IR-CYS lead to slower renal and extra-renal complications and/or later age of 
onset of these complications; 

 The potential of DR-CYS to create a better long-term outcome is highly likely based on 
practice and patient based evidence (PrBM, PaBM), but not evidence based yet.  

 
Conclusions from a clinical perspective 
There are no direct data available on compliance on DR-CYS and its effect on WBC cystine level, on 
renal and extra-renal complications. From an evidence based perspective (EBM), therefore, no 
relevant difference in complications can be proven yet. However, based on the general 
acknowledgements from evidence based literature on the relation between sustained WBC cystine 
levels and renal and extra-renal complications, based on the specific indirect evidence on the relation 
between compliance with IR-CYS and renal and extra-renal complications, and based on the evidence 
that compliance with IR-CYS is insufficient in daily practice, it may be considered highly likely that  
DR-CYS with its Q12H dosing schedule provides a better compliance than IR-CYS and therefore could 
result in a more sustained low WBC cystine level, less deterioration in renal function and delay of 
extra-renal complications. From the expert evidence based point of view combined with the practice 
based (PrBM) point of view, therefore, the conclusion is that therapy with DR-CYS likely results in a 
relevant improvement on complications of the disease. 
  
Figure 4: Conclusion criterion 1: complications from a clinical perspective. 
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Conclusions from a patient/caregiver perspective 
While the outcomes of the evaluation of criterion 1 were similar from the patient/caregiver 
perspective, similar conclusions are drawn. From the expert evidence based point of view combined 
with the practice based (PrBM) and patient based (PaBM) point of view, therefore, the conclusion is 
that therapy with DR-CYS likely results in a relevant improvement on complications of the disease.  
 
Figure 5: Conclusion criterion 1: complications from a patient/caregiver perspective. 
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2.3.2 Criterion 2: Safety profile/tolerance profile 
 
2.3.2.1 Definition clinical, patient/caregiver relevance criterion 2: safety/tolerance profile 
 
In table 3 the objective, parameter, hypothesis and relevant improvement are pre-defined for 
criterion 2 ‘tolerance profile’ from a clinical and a patient/caregiver perspective. 
 
Table 3: Definition of objective, parameter, hypothesis and relevance for criterion 2. 
 

 Clinical perspective 
 

Patient/caregiver perspective 

Criterion Safety profile 
 

Tolerance profile 

Objective Decrease the effect of side-effects on 
compliance of CYS therapy 

Decrease the burden of side-effects of CYS therapy 

Parameter The degree (small, moderate, large) of impact of 
side-effects on compliance with CYS therapy  

The burden of side-effects with CYS therapy (low. 
medium, high) 

Hypothesis The tolerance profile of DR-CYS results in less 
impact on compliance than IR-CYS 

The tolerance profile of DR-CYS causes less burden 
than IR-CYS  

Relevant 
improvement 

To achieve less impact on compliance caused by 
the tolerance profile of CYS therapy 

To achieve less burden of side-effects of CYS 
therapy 

 
 
2.3.2.2 The assessment of criterion 2: safety profile/tolerance profile 
 
Assessment of relevance 
 
Available data on safety/tolerance of DR-CYS and IR-CYS 
Overall, there were 52 patients with cystinosis being exposed to DR-CYS in the clinical study 
programme for registration purposes of DR-CYS.47 No clinical study programme is performed with the 
IR-CYS capsule formulation for registration purposes. The registration was based on the clinical data 
from studies with the oral solution of IR-CYS.46 Since the Food & Drug Administration (FDA) approval 
in the United States (US) in 1994 and European Committee (EC) approval of the IR-CYS capsule 
formulation in 1997, cystinosis patients worldwide are treated with this formulation. Data on 
tolerance of IR-CYS come from post marketing surveillance data and from the comparative clinical 
study for registration purposes of DR-CYS. 
 
Randomised comparative clinical study with DR-CYS versus IR-CYS 
In the randomized, controlled, crossover design phase III trial in 43 patients with nephropathic 
cystinosis, tolerance was evaluated between DR-CYS and IR-CYS based on treatment emergent 
adverse events (TEAE).48 Although DR-CYS showed more TEAEs (58.1% versus 37.1%), particularly for 
gastrointestinal disorders (32.6% versus 22.0%), this difference was not considered statistical 
significant. Most common adverse events (classified as ‘very common’) for both therapies were 
gastrointestinal disorders like nausea, vomiting, diarrhoea and abdominal pain, general disorders and 
administration site conditions, metabolism and nutrition disorders and nervous system disorders. 
The higher incidence of gastrointestinal TEAEs is presumably caused by the protocol mandated  
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reduced concomitant use of proton pump inhibitors (PPIs) in the DR-CYS group (87% reduction  
during identical time periods). A small number of patients accounted for the majority of TEAEs with 
DR-CYS. Use of PPIs was forbidden in the DR-CYS group unless a strong medical need existed. 
Concomitant use of PPIs has been found to be effective in the management of the induced gastric 
acid hypersecretion and ulcerogenity.52 The product information (PI) leaflet of DR-CYS reports that 
co-administration of the proton pump inhibitor omeprazole and DR-CYS in vivo showed no effects on 
cysteamine bitartrate exposure.44 
The PI leaflet of IR-CYS reports that approximately 35% of patients experience side effects at the 
initiation of therapy, mainly involving the gastrointestinal and central nervous systems.43 It is 
recommended to interrupt and gradually re-start the treatment in order to improve tolerance. 
 
Open observational, non-comparative study with DR-CYS 
Patients completing the phase III study were eligible to enter a Long-Term, Open-Label, Safety and 
Efficacy Study. So far, 60 patients have been enrolled in this extension study, 40 patients that 
previously completed the phase III Study and 20 that were newly recruited.49 In the open, 
observational (non-comparative) extension study, as of the cut-off date (June 2012), 62 % (n=37) and 
45 % (n=27) of the patients have completed ≥ 10 and 15 months of treatment, respectively. Overall 
85 % (n=51) have experienced one or more treatment emergent adverse events (TEAEs) and 47 % 
(n=28) had treatment-related TEAEs. The majority of treatment related TEAEs were gastrointestinal 
disorders (vomiting, abdominal pain, nausea, breath odour and diarrhea) as well as abnormal skin 
odour and decreased appetite. The data were considered as no unexpected safety findings compared 
to the clinical phase III study.  
 
Post marketing surveillance data 
No post-marketing data are available with DR-CYS. Based on the same active substance within DR-
CYS and IR-CYS, health authority body EMA has integrated the post marketing surveillance data from  
IR-CYS in the PI leaflet of DR-CYS.44 The following TEAEs are reported for the active substance: Benign 
intracranial hypertension (or pseudotumour cerebri) with papilledema; skin lesions, molluscoid 
pseudotumours, skin striae, skin fragility; joint hyperextension, leg pain, genu valgum, osteopenia, 
compression fracture and scoliosis have been reported with immediate-release cysteamine 
bitartrate. Two cases of nephrotic syndrome have been reported within 6 months of starting therapy 
with progressive recovery after treatment discontinuation. Histology showed a membranous 
glomerulonephritis of the renal allograft in one case and hypersensitivity interstitial nephritis in the 
other. A few cases of molluscoid pseudotumours on elbows have been reported in children 
chronically treated with high doses of different cysteamine preparations (cysteamine hydrochloride 
or cystamine or cysteamine bitartrate) mostly above the maximal dose 1.95 g/m2/day. In some 
cases, these skin lesions were associated with skin striae and bone lesions first seen during an X-ray 
examination. Bone disorders reported were genu valgum, leg pain and hyperextensive joints, 
osteopenia, compression fractures, and scoliosis. In the few cases where histopathological 
examination of the skin was performed, the results suggested angioendotheliomatosis. One patient 
subsequently died of acute cerebral ischemia with marked vasculopathy. In some patients, the skin 
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lesions on elbows regressed after immediate-release cysteamine dose reduction.  
 
Overall conclusion safety/tolerance profile DR-CYS by the European health authority body (EMA) 

Although the safety data base is limited with DR-CYS, the active substance is approved in the same  
indication and has been used in the EU since 1997. The health authorities concluded that no major 
safety issues were identified in any of the studies and that the short-term safety profile seemed to be 
similar to that of IR-CYS. The majority of TEAEs were of mild or moderate intensity.  
 
Practice based information 
Not reported as ‘very common’, but as ‘commonly’ classified TEAEs for both DR-CYS and IR-CYS are 
the adverse reactions halitosis (breath odour) and abnormal skin odour. Metabolism of cysteamine 
to the volatile sulfur compounds methanethiol and dimethylsulfide (DMS) leads to halitosis and 
abnormal skin odour. There is a large inter- and intra-patient variability of incidence in both pediatric 
and adult patients. Although halitosis and abnormal skin odour may be mild to moderate, they are 
extremely bothersome to the patient. In daily practice halitosis and abnormal skin odour lead to 
skipping doses during social and/or professional (school/work) activities and therewith hampering 
compliance with cysteamine therapy. Therefore, these adverse reactions are a major issue in the 
treatment of nephropathic cystinosis with cysteamine therapy. The oral supplements riboflavin and 
chlorophyll tablets are used by some patients.13 54 However, the benefits of these compounds have 
not been proven.  
Another experience from daily practice is the relation between administration prerequisites of  
DR-CYS therapy and gastrointestinal disorders. For DR-CYS administration meals and dairy products 
for at least 1 hour before and 1 hour after DR-CYS dosing should be avoided.44 Intake of DR-CYS 
together with food is known to reduce the absorption of DR-CYS. However, if fasting during this 
period is not possible, it is acceptable to eat only a small amount (∼100 grams) of food (preferentially 
carbohydrates) during the hour before and after DR-CYS administration. For administration of IR-CYS 
digestive tolerance is improved when IR-CYS is taken just after or with food.43  
 
Assessment of relevance on the safety profile from a clinical perspective  
From several observational studies, it was demonstrated that halitosis and abnormal skin odour 
hamper compliance during IR-CYS therapy.31 37 58 Subsequently, several studies demonstrated the 
consequences of non-compliance on renal and extra-renal complications and hence long term 
prognosis.1 2 31 58 59 60 61 Furthermore, due to the unambiguous relation between cysteamine therapy 
intake and improving the genetic disorder in cystinosis, and moreover the validated correlation 
between sustained WBC cystine levels and prevention and/or delay of renal and extra-renal 
complications, sustained WBC cystine levels are an absolute prerequisite when taking cysteamine 
therapy. Therefore, any interference with compliance is considered as a major issue.  
Comparison of the tolerance profile of DR-CYS and IR-CYS from the clinical perspective is mainly 
based on clinical study outcomes. Though the new formulation with the reduced frequency of 
administration and the more favourable timing during the day (morning and evening) does suggest 
that the frequency of peaks in halitosis and skin odour (directly) after the actual intake might be less,  
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so far, the comparative clinical study has not demonstrated a significant difference between DR-CYS 
and IR-CYS. A similar assumption that is based on the lower dosing frequency of DR-CYS, is the  
burden of nausea after intake of cysteamine therapy. The Q12h dosing frequency avoids disturbance 
by nausea of activities during the day (school, work) as well as of sleeping during the night. However, 
detailed aspects of incidence of side-effects, such as frequency and timing of occurrence of halitosis 
and nausea were not studied and even when studied, it would have been difficult to study their 
relationship to compliance, as in such studies compliance is strictly monitored allowing less dose-
skipping than would happen in daily practice. An early pilot in four patients has shown a trend 
towards lower mean breath concentration and area under the curve for DMS after DR-CYS intake in 
comparison to IR-CYS.55 However, the measured values remained above the threshold levels that 
cause halitosis. 
As the burden of side-effects on compliance during IR-CYS therapy was most clearly demonstrated in 
daily practice, there seems a need for data from daily practice to evaluate the influence of the side-
effects of DR-CYS on compliance and therefore on therapy outcomes. However, the large inter- and 
intra-patient variability in incidence of halitosis and abnormal skin odour, in combination with the 
variability in daily life circumstances (number and extent of social activities) that influence whether 
doses are skipped or not, decrease the expectation that objective and clear answers could be 
generated from a comparative study in daily practice. Moreover, as is characteristic for many orphan 
diseases, the small sample size and heterogeneity of the patient population result in lack of 
demonstrable differences.  
 
Assessment of relevance on the tolerance profile from a patient/caregiver perspective 
Although the tolerance profile of DR-CYS and IR-CYS are mild to moderate, the type and frequency of 
side-effects such as the gastrointestinal side-effects vomiting, abdominal pain and nausea as well as 
the debilitating abnormal skin odour, halitosis and decreased appetite impose a significant burden on 
the cystinosis patients and their caregivers. Halitosis and abnormal skin odour may disturb daily 
activities (school, work) and social life due to the bad smell of the cystinosis patient. Therefore high 
impact of these side-effects on compliance is seen. Often doses are skipped before and during social 
events. 
At the individual patient level, the burden of side-effects may differ to a large extent. It is perceived 
that young children may have more abnormal skin odour and halitosis than older patients. Especially 
for halitosis, inter- and intra-patient variability is large. Patients and caregivers experience also that 
the physical state of the patient influences the burden of side-effects. For example, the intensity of 
halitosis and skin odour may increase during physical imbalance such as an infection (flu or cold) or 
growth spurt in children.  
 
A recent survey, performed among patients on DR-CYS in The Netherlands and Belgium, reported less 
odour among some of them, however without details on frequency and timing of occurrence, and 
more nausea probably due to a higher dose per intake of DR-CYS (practice based information, PrBM).  
Though large experience exists with IR-CYS therapy, the experience with the new formulation of 
cysteamine therapy, DR-CYS, is too short for proving a difference in tolerance profile and its effect on 
compliance.  
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2.3.2.3 Conclusion clinical, patient/caregiver relevance criterion 2: safety/tolerance profile  
 
Conclusions on relevance criterion safety profile from a clinical perspective 
Due to the fact that no clinical nor real life studies are expected to provide sufficient hard data on the 
effect of halitosis and abnormal skin odour on compliance, an evidence based assessment seems out 
of reach. Though practice based evidence is scarce since the recent introduction of DR-CYS, the 
experts conclude that, so far, no relevant improvement exists in tolerance profile between DR-CYS 
and IR-CYS. The hypothesis is rejected. 
 
Figure 6: Conclusion criterion 2: safety profile from a clinical perspective. 

 
DR-CYS (50%) 
 

 
IR-CYS (50%) 

 
 
Conclusions on relevance criterion tolerance profile from a patient/caregiver perspective 
Currently there is no practice and patient based evidence that the burden of gastro-intestinal 
disorders, abnormal skin odour and halitosis is less with DR-CYS than with IR-CYS. Therefore, the 
hypothesis that DR-CYS results in less burden of side-effects on the patients and their caregivers is 
rejected. 
 
Figure 7: Conclusion criterion 2: tolerance profile from patient/caregiver perspective. 
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2.3.3 Criterion 3: Compliance 
  
2.3.3.1 Definition of clinical and patient/caregiver relevance for criterion 3: compliance 
 
In table 4 the objective, parameter, hypothesis and relevant improvement are pre-defined for 
criterion 3 ‘compliance’ from both a clinical and a patient/caregiver perspective. 
 
Table 4: Definition of objective, parameter, hypothesis and relevant improvement for criterion 3. 
 

 Clinical perspective 
 

Patient/caregiver perspective 

Criterion Compliance 
 

Compliance 

Objective Decrease the complexity of the therapy Decrease the complexity of therapy   
 

Parameter The degree of the complexity of therapy The degree of  the complexity of therapy 
 

Hypothesis DR-CYS  results in a less complex therapy DR-CYS  results in a less complex therapy 
 

Relevant 
improvement 

Decrease of the complexity of the therapy Decrease of the complexity of the therapy 

 
 
2.3.3.2 The assessment of criterion 3: compliance 
 
Compliance 
Improving patient compliance is a major challenge to optimise pharmacotherapy. In the period 2000-
2010, more than 2500 articles were published about the item ‘compliance’.72 73 A first problem is 
how to predict compliance and subsequently how to measure it. Many models have been developed 
to predict compliance in the individual patient.74 75 76 One validated method is the Medication 
Adherent Report Scale (MARS) that represent a good prediction of the patient's expected 
compliance.77  
 
Table 5: MARS-5. 
 

 
The MARS-5 consists of 5 common patterns of non-adherent behavior that respondents score on a 5-point Likert scale 
(with 1 = always, 2 = often, 3 = sometimes, 4 = rarely, and 5 = never). The first statement of the MARS-5 questions 
patients about unintentional nonadherence, whereas the other 4 statements question intentional nonadherence. Scores 
are summed, and totals range from 5 to 25, with higher scores indicating higher self-reported adherence. 
 
Item 1: “I forget to take my medication”  
Item 2: “I change the dosage of my medication”  
Item 3: “I stop taking my medication for a while”  
Item 4: “I decide to skip one of my medication dosages  
Item 5: “I use my medication less than is prescribed”  
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For every new therapy it is recommended to identify in advance the chance of good compliance and 
subsequently to establish a follow up on compliance. Compliance may also be dependent on the  
setting in which the therapy is taken. In an institution, such as elderly home or hospital, patients are 
almost completely compliant due to the interaction of the surrounding nurses and caregivers. In this 
respect, also a ‘family’ can be regarded as an institution which secures the compliance in children 
taking medication. However, more worrisome is the degree of compliance evidenced in the 
autonomous individual patient.  
Improving compliance appears to be a difficult problem to solve. However, the introduction of 
‘concordance’ by cooperation between the pharmacist, the general practitioner/specialist and the 
patient and its caregiver seems to have a positive influence on compliance.78 
 
The definition used for compliance is: Compliance is the average percentage of the actual amount of 
prescription medication administered, together with the period in which the patient complies with a 
prescription compared to the proposed amount of prescription medication and proposed period. It is 
the result of a complex of internal and external factors that can only partially be predicted and 
quantified’. 
The World Health Organization [WHO 2003] defines compliance as: ‘the degree to which the 
behaviour of an individual taking medication by himself, following a diet or changing a lifestyle 
corresponds with the advice of a healthcare provider’.79 In the English literature different terms are 
used to refer to compliance, namely: adherence, concordance, compliance and persistence. The term 
compliance quantitatively represents compliance as the average percentage of the actual amount of 
prescription medicines administered. Usually a percentage of 80 to 120% of the prescribed dosage is 
considered adequate. The term persistence is used for how long (days, weeks, months, years) the 
patient complies with a prescription compared to the proposed period. 
 
With respect to compliance we distinguish between directly and indirectly modifiable factors. 
 
Directly modifiable factors: 
1. Packaging 
2. Use of auxiliary materials (mainly relevant to self-management) 
3. Instructions 
4. Dosing regime 
5. Intake 
6. Control of the disease (by monitoring clinical parameters; regular measurements) 
7. Effect 
8. Safety (side-effects/tolerance) 

 
Indirectly modifiable factors: 
Examples of indirectly or difficult modifiable factors are basic knowledge about disease and health, 
faith and sympathy for the treating physician and other social, cultural and/or psychological factors  
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such as motivation, belief in the positive effect of medication and the disease itself (e.g. mental 
illness). Directly modifiable factors have an influence on compliance. However, little is known about 
the role of indirectly and difficultly modifiable factors on compliance. 
 
Compliance and cystinosis patients  
Despite the long market availability of IR-CYS and despite the predictability of non-compliance given 
the strict dosing regimen of Q6h including a night-dose, relatively limited research is performed on 
compliance and persistence. Prospective comparative measurement of compliance requires long 
term observational real life studies, which is hardly feasible in orphan diseases with typical small 
sample size and heterogeneity in patients’ characteristics (age of onset, multi-organ involvement, 
slow progression of the disease and duration and severity of the disease). Moreover, observational 
studies may imply bias due to the open character and lack of randomization, apart from the fact that 
studies on compliance are hampered by indirectly difficultly modifiable factors such as motivation of 
the patient and cultural, social and psychological status and by difficulty to reach statistical 
significance.67  
Recently, a first, large national study was published that evaluated adherence to IR-CYS treatment in 
a group of 34 cystinosis patients in Spain by means of a voluntary, anonymous survey.62 In children 
under the age of 11, IR-CYS was mainly administered by the mother (100%) and father (83%), but 
also by other relatives (28%) or by a teacher or school nurse (33%). In contrast, patients over 11 were 
largely responsible for their own treatment (94%), with less involvement of relatives (mother 25% 
and father 6%) or others. With respect to treatment adherence, 89% of patients under 11 received 
IR-CYS following a fixed four daily dose schedule compared with only 56% of older patients who took 
the correct number of four doses per day. Nevertheless, whereas the majority of children under 11 
followed the cysteamine prescription correctly (94%), the percentage dropped dramatically in older 
patients (50%) who reported frequent schedule changes (13%), missed doses (13%), never using the 
recommended doses (18%) or even not caring about drug prescription at all (6%). Although up to 
65% of patients took advantage of alarms or dose-reminder tools, the study demonstrated 
progressive waning in their use over time, as only 46% of adult patients used dose reminders. 
Regarding patient motivation for treatment, 72% of patients under 11 were always motivated, and 
39% expressed more motivation before a clinical appointment. In contrast, fewer older patients 
expressed feeling always motivated (38%) and, remarkably, 38% expressed no motivation at all, with 
low increased interest before/after a clinical appointment or before a blood test. Patients 
complained of unpleasant smell (44%), too many medications (44%), excessive number of daily doses 
(35%) and gastrointestinal side effects (24%), among others.  
The authors stated that according to patients and caregivers, new therapeutic strategies should focus 
on lower frequency doses, fewer pills and/or reduced pill size (60%) as well as additional education 
on the disease (42%) to improve adherence to cystinosis therapy. 
Prior studies and publications report similar compliance problems. In 2006, results from a Dutch 
study in 22 cystinosis patients showed that only 5/22 were fully compliant on cysteamine therapy  
with IR-CYS.58 They ingested IR-CYS every 6 h. Non-compliant patients had the same daily dose as 
compliant patients but skipped night doses by prolonging the interval between last evening/night  
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dose and morning dose. Morning (8 a.m.) WBC cystine levels in 11 examined patients were elevated 
9 h after the 12.5-15 mg/kg evening cysteamine dose compared to the value 6 h after the ingestion 
of the same dose (0.73±0.81 nmol versus 0.44±0.52 nmol cystine/mg protein, p=0.02). The study 
demonstrated that the administration of the same daily cysteamine dose distributed equally during 
24 h results in significantly lower morning granulocyte cystine content, compared to the “only wake-
time” regimen, applied by the majority of the patients. 
In a review from Belgium, it was reported that only one third of the patients was fully compliant on 
IR-CYS.37  
DR-CYS is not on the market in Europe except for Germany. Real life data about compliance is not yet  
available due to its recent introduction. Moreover, the clinical studies are mainly performed in the 
child-population, which, ethically, only allows strict necessary research from a burden point of view. 
A recent survey, performed among 8 patients on DR-CYS in The Netherlands and Belgium, reported 
the advantages of a controllable dosing schedule, an uninterrupted sleep, next to some 
disadvantages like large amount of capsules to take, nausea, flatulence and still odour, however less 
than with IR-CYS. How this influences compliance has not been studied.  
Based on the general acknowledgement in the literature and based on the feedback of patients and 
caregivers in the recent, largest study on compliance in Spain, it is expected that the Q12h dosing 
regimen of DR-CYS has a positive impact on patient adherence.  However, compliance is not only 
determined by dosing frequency but by multiple directly and indirectly modifiable factors 
 
Assessment of relevance 
Due to lack of evidence based information and the impossibility to retrieve this kind of information 
from comparative studies for orphan medicinal products, we applied an assessment model that uses 
modifiable factors for estimating compliance based on practice based (PrBM) and patient based 
evidence (PaBM). This model was used successfully in other assessments of compliance of medicinal 
products.80 81  
For this assessment we assessed each of the directly modifiable factors relating to compliance for 
DR-CYS and IR-CYS. Although individual differences at patient level may exist, the assessment will be 
done for the average total population. In orphan diseases such as cystinosis, patient organisations 
and treating physicians have very close contact with almost all patients and therefore may serve as 
the best available representative sources for information on compliance of DR-CYS and IR-CYS.  
 
Table 6: Influencing factors on compliance with DR-CYS versus IR-CYS from a clinical and a patient/caregiver perspective. 
 

Clinical perspective Patient/caregiver perspective 

1. Packaging 
1.1 Packaging must be simple to open 

-DR-CYS and IR-CYS are available in bottles 
-Bottles have a child resistant closure 

1.2 Packaging must be easy to carry 
-DR-CYS and IR-CYS bottles are not easy to carry  

1.3 Packaging must be recognizable 
-Packages are recognizable for both DR-CYS and IR-CYS 

1. Packaging 
1.1 Packaging must be simple to open 

-DR-CYS and IR-CYS are available in bottles 
-Bottles have a child resistant closure 

1.2 Packaging must be easy to carry 
-DR-CYS and IR-CYS bottles are not easy to carry  

1.3 Packaging must be recognizable 
-Packages recognizable for both DR-CYS and IR-CYS  
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2. Use of auxiliary materials 
2.1 Special distribution (e.g. packages with daily dosage) 
       -Children and adults have to carry a special box with  
         IR-CYS capsules when at school, at work or not at home 
       -DR-CYS does not need to be carried around in a box 
       - Pre-transplant cystinosis patients use other 
         medications which have to be taken regularly;  
         therefore carrying a special box is usual. After  
         transplantation a less frequent regimen is usual. 
2.2 Intake alert (SMS), other devices) 
       -dose reminder tools and intake alerts are used 
       -used by ± 65% of children for IR-CYS and by ± 46% 
        of adults for dosing during the day and the night62 
       -use for DR-CYS less necessary  
2.3 Support from caregiver 
       -Parents are the guardians of compliance in children 
       -For DR-CYS less support is needed 

2. Use of auxiliary materials 
2.1 Special distribution (e.g. packages with daily dosage) 
       -Children and adults have to carry a special box with  
         IR-CYS capsules when at school, at work or not at home 
       -DR-CYS does not need to be carried around in a box 
       - Pre-transplant cystinosis patients use other 
         medications which have to be taken regularly;   
         therefore carrying a special box is usual. After  
         transplantation a less frequent regimen is usual.  
2.2 Intake alert (SMS), other devices) 
       -dose reminder tools and intake alerts are used 
       -used by ± 65% of children for IR-CYS and by ± 46% 
        of adults for dosing during the day and the night62 
       -use for DR-CYS less necessary 
2.3 Support from caregiver 
       -Parents are the guardians of compliance in children 
       -With IR-CYS parents need to organise the child’s  
         compliance with the day-dose to be taken at school as  
         well as the night-dose; this is not needed for DR-CYS 
         Although still a need may exist for other medications. 
 

3. Instructions 
3.1. Patient education: is a necessity due to the fact that the  
         intake is not directly related to a direct clinical effect  
        -Education on importance, effect and risks of non- 
         compliance is equally necessary for both CYS therapies 
        -Education of caregiver or partner is necessary as well 
3.2. Dosage summary 
       -For both CYS therapies instructions must be set  
         out schematically in a clear manner in relation to  
         multiple co-medications 
 
 
 
 
 
3.3. Maintenance 
        -Patient alertness for strict life-long compliance 
        -Frequency of dosing IR-CYS influences maintenance; 
         many adult patients skip the night dose 
        -DR-CYS Q12h dosing better for maintenance 

3. Instructions 
3.1. Patient education: is a necessity due to the fact that the  
         intake is not directly related to a direct clinical effect 
        -Education on importance, effect and risks of non- 
         compliance is equally necessary for both CYS therapies 
        -Education of caregiver or partner is necessary as well 
3.2. Dosage summary 
        -For both CYS therapies instructions must be set  
          out schematically in a clear manner in relation to  
          multiple co-medications 
        -For IR-CYS instructions must be printed out for other  
          caregivers than the parents or direct caregiver (e.g.  
          teacher, (grand-) parents or parents from friends of  
          the child at a sleep over); for just DR-CYS this is not  
          necessary. 
3.3. Maintenance 
        -Patient alertness for strict life-long compliance 
        -Frequency of dosing IR-CYS influences maintenance; 
         many adult patients skip the night dose 
        -DR-CYS Q12h dosing better for maintenance 
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4. Complexity of dosage schedule 
4.1. Frequency per day of CYS therapy 
        -DR-CYS Q12h differs in an essential way from IR-CYS Q6h 
         because no ‘mid-day-dose’ (during school or work or  
         outside activities) and no ‘night-dose’ which is extremely  
         impactful for patients and caregivers 
4.2. Daily dosing (=number of capsules to take) differs 
        -Dosing is dependent on body surface (children) or weight  
         (older children and adults) 
        -Daily dose is relatively constant   
4.3 Combination with other therapies 
       -Due to multiple co-medications the complexity is high for  
         both DR-CYS and IR-CYS 
       -Complexity is increased further due to extra medication  
         to treat the side-effects of CYS (PPIs and oral  
         supplements against halitosis) 

4. Complexity of dosage schedule 
4.1. Frequency per day of CYS therapy 
        -DR-CYS Q12h differs in an essential way from IR-CYS  
          Q6h because no ‘mid-day-dose’ (during school or work  
          or outside activities) and no ‘night-dose’ which is  
          extremely impactful for patients and caregivers 
4.2. Daily dosing (=number of capsules to take) differs 
        -Dosing is dependent on body surface (children) or  
          weight (children and adults)  
        -Daily dose is relatively constant   
4.3 Combination with other therapies 
       -Due to multiple co-medications the complexity is high  
         for both DR-CYS and IR-CYS 
       -Complexity is increased further due to extra medication  
         to treat the side-effects of CYS (PPIs and oral  
         supplements against halitosis) 

5. Complexity of intake 
5.1. Capsule size and number 
        -Size of capsules about equal for both CYS therapies 
        -Number of capsules with DR-CYS much higher due to  
         less mg cysteamine per capsule DR-CYS 25 mg and 75 mg 
         versus IR-CYS 50 mg and 150 mg. E.g. patients >50 kg  
         number of capsules is 16 for DR-CYS Q12h (total/day: 
         32) and 4 for IR-CYS Q6h (total/day: 16) 
5.2. Splitting of tablets or opening of capsules 
        -Sprinkling of capsule content on food for children is  
          possible for both CYS-therapies   
5.3. Instructions for mealtimes 
        -For DR-CYS more complicated instructions for mealtimes 
         (avoidance of food 1 hour before or after intake) 
5.4. Instructions for combinations with other medicines 
        -Bicarbonate therapies should be administered at least 1 
          hour before or after DR-CYS intake to avoid potential  
          premature release of the granules with cysteamine44 
        -Co-administration of the proton pump inhibitor  
          omeprazole and DR-CYS in vivo showed no effects on 
          cysteamine bitartrate exposure.44 
5.5. Instructions for combination with food/drinks. 
        DR-CYS should be avoided to combine with food rich in  
        fat or proteins or frozen food like ice cream  

5. Complexity of intake 
5.1. Capsule size and number 
        -Size of capsules about equal for both CYS therapies 
        -Number of capsules with DR-CYS much higher due to  
         less mg cysteamine per capsule DR-CYS 25 mg and 75  
         mg versus IR-CYS 50 mg and 150 mg. E.g. patients >50 
         kg number of capsules is 16 for DR-CYS Q12h 
         (total/day: 32) and 4 for IR-CYS Q6h (total/day: 16) 
5.2. Splitting of tablets or opening of capsules 
        -Sprinkling of capsule content on food for children is  
          possible for both CYS-therapies   
5.3. Instructions for mealtimes 
        -For DR-CYS more complicated instructions for meal-     
         times (avoidance of food 1 hour before or after intake) 
5.4. Instructions for combinations with other medicines 
        -Bicarbonate therapies should be administered at least  
         1 hour before or after DR-CYS intake to avoid potential  
         premature release of the granules with cysteamine44 
        -Co-administration of the proton pump inhibitor  
          omeprazole and DR-CYS in vivo showed no effects on 
          cysteamine bitartrate exposure.44 
5.5. Instructions for combination with food/drinks. 
        DR-CYS should be avoided to combine with food rich in  
        fat or proteins or frozen food like ice cream   

6. Monitoring of the disease (intake, measurement clinical 
parameters for efficacy) 
6.1. At the laboratory and at the specialist practice 
       -Monitoring of WBC cystine levels necessary for  
         both CYS-therapies 
       -Monitoring provides clear signals about compliance 
6.2 Self-management 
       -Not applicable 

6. Monitoring of the disease (intake, measurement clinical 
parameters for efficacy) 
6.1. At the laboratory and at the specialist practice 
       -Monitoring of WBC cystine levels necessary for both  
         CYS-therapies 
        -Monitoring provides clear signals about compliance 
6.2 Self-management 
       -Not applicable 
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7. Noticeable effect 
7.1. Patient feels better or worse if compliant 
        -CYS-therapies do not result in a direct effect on their  
          clinical condition after intake; this does not promote  
          compliance 
        -Effect of CYS therapy is only perceived on the long term 

7. Noticeable effect 
7.1. Patient feels better or worse if compliant 
       -CYS-therapies do not result in a direct effect on their  
          clinical condition after intake; this does not promote  
          compliance 
        -Effect of CYS therapy is only perceived on the long term 
 

8.Safety 
8.1. The medicine prevents damage to the patient  
        -Unambiguous correlation between compliance and  
          prevention and/or delay of renal and extra-renal  
          complications 
8.2. The medicine is safe to use 
        -Mild to moderate tolerance profile of both CYS- 
          therapies 
        -Intake of CYS-therapy is associated with immediate  
          side-effects such as halitosis and nausea;  
        -IR-CYS intake may be skipped during the day when at  
         school or work due to these ‘immediate’ side-effects  
         halitosis and nausea; In a Dutch/Belgian patient survey  
         halitosis seems less with DR-CYS and nausea seems  
         more, probably due to the higher dose per intake of  
         DR-CYS and/or due to the intake instructions (e.g.  
         intake with orange juice on an empty stomach) 
 

8.Safety 
8.1. The medicine prevents damage to the patient  
        -Unambiguous correlation between compliance and  
          prevention and/or delay of renal and extra-renal  
          complications 
8.2. The medicine is safe to use 
        -Mild to moderate tolerance profile of both CYS- 
          therapies 
        -Intake of CYS-therapy is associated with immediate  
          side-effects such as halitosis and nausea;  
        -IR-CYS intake may be skipped during the day when at  
         school or work due to these ‘immediate’ side-effects  
         halitosis and nausea; In a Dutch/Belgian patient survey  
         halitosis seems less with DR-CYS and nausea seems  
         more, probably due to the higher dose per intake of  
         DR-CYS and/or due to the intake instructions (e.g.  
         intake with orange juice on an empty stomach) 

 
 
 
Discussion 
Due to the unambiguous relation between cysteamine therapy intake and improving the genetic 
disorder in cystinosis, and given the validated correlation between sustained WBC cystine levels and 
prevention and/or delay of renal and extra-renal complications, sustained WBC cystine levels are an 
absolute prerequisite when taking cysteamine therapy. Therefore, compliance is considered a strict, 
non-negotiable issue for treating physicians. In this context, awareness and education on the disease 
cystinosis, the importance of sustained WBC cystine levels and therefore full compliance and the 
effect on long-term outcomes of cystinosis are essential for patients and caregivers to understand 
the need for full compliance and persistence. In the recent evaluation of compliance on IR-CYS in 
Spain, still 42% of the patients and caregivers mentioned that there is a need for (more) education on 
cystinosis.  
An interesting aspect that distinguishes cystinosis from other diseases such as hypertension and 
osteoporosis is the non-compatibility of the regular definitions for compliance in which adherence to 
a percentage of 80 to 120% of the prescribed dosage is considered adequate. In cystinosis, 80% of 
compliance is not considered adequate.  
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2.3.3.3 Conclusion on clinical and patient/caregiver relevance for criterion 3: compliance  
 
Conclusions on relevance criterion compliance from a clinical and patient/caregiver perspective 
Due to the fact that no clinical nor real life studies are expected to provide sufficient hard data on 
compliance, an evidence based assessment seems out of reach. Due to the fact that patient 
organisations and treating physicians have extensive experience with cystinosis and do have close  
contact with almost all patients, the assessment is based on these best available representative 
sources. The outcomes of this assessment may therefore be regarded as sufficiently validated on 
practice and patient based evidence. 
From table 6, it is demonstrated that DR-CYS differentiates itself from IR-CYS with a better 
compliance profile on the modifiable factors ‘auxiliary methods’ (factor 2: parents are the child’s 
greatest auxiliary asset; with DR-CYS they don’t need to organise the compliance with the mid-day-
dose at school and the night-dose at home), ‘complexity dosing regimen’ (factor 4: no mid-day-dose 
and no skipping of the night-dose. IR-CYS demonstrates a better compliance profile on the modifiable 
factors ‘complexity of intake’ (factor 5).  
Based on the assessment of the eight modifiable factors on compliance it can be concluded that  
DR-CYS has a relevant difference in compliance profile than with IR-CYS, especially from a complex 
dosing regimen perspective as well as an auxiliary perspective. This conclusion is both supported 
from a clinical as well as a patient/caregiver perspective. The hypothesis is confirmed.   
 
Figure 8: Conclusion criterion 3: compliance from a clinical perspective. 
 

 
DR-CYS (70%) 
 

 
IR-CYS (30%) 

 

 
Figure 9: Conclusion criterion 3: compliance from a patient/caregiver perspective. 
 

 
DR-CYS (70%) 
 

 
IR-CYS (30%) 
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2.3.4 Criterion 4: Quality of life 
  
2.3.4.1 Definition of clinical and patient/caregiver relevance for criterion 4: quality of life 
 
In table 7, the objective, parameter, hypothesis and relevant improvement are defined for criterion 4 
‘quality of life’ from both a clinical and a patient/caregiver perspective. 
 
Table 7: Definition of measure, parameter, hypothesis and relevance for criterion 4. 
 

 Clinical perspective 
 

Patient/caregiver perspective 

Criterion Quality of life 
 

Quality of life 
 

Objective Improve quality of life Improve quality of life 
 

Parameter The degree of the quality of life The degree of the quality of life 
 

Hypothesis DR-CYS results in a better quality of life DR-CYS results in a better quality of life 
 

Relevant 
improvement 

Quality of life increases in at least one domain  Quality of life increases in at least one domain  

 
 
2.3.4.2 The assessment of criterion 4: quality of life 
 
Quality of life and cystinosis patients 
The World Health Organization defined quality of life as: ‘an individual’s perception of their position 
in life in the context of the culture and value systems in which they live and in relation to their goals, 
expectations, standards and concerns. It is a broad ranging concept affected in a complex way by the 
person’s physical health, psychological state, personal beliefs, social relationships and their 
relationship to salient features of their environment’.82 
Beside the disease itself, the use of medication can have a great additional impact on the patient's 
quality of life (QoL). This definitely applies to the use of CYS-therapy in patients with cystinosis. 
Beside the extremely strict dosing regimen, the side-effects of CYS-therapy, despite their mildness, 
are debilitating. Therefore, CYS therapy has a major impact on quality of life and therewith on 
compliance, leading to regularly skipping doses in >50% of the older and on daily life. Besides the 
CYS-therapy has to be taken lifelong.  
As outlined in the discussion on the criteria ‘tolerance profile’ and ‘compliance’, there will be great 
difficulty in defining and measuring clinical outcome in orphan disease and observing a change which 
is significant by conventional standards related to small sample size of clinical trials and 
heterogeneity of the patient population. Therefore, if it is not possible to achieve a relevant gain in 
clinical outcome measures, it may be more important to make direct observations of the benefits as 
perceived by patients, which can then be reflected in generic health status and quality of life 
changes. Consequently, the achievement of the pre-defined relevant gain in QoL should also be  
considered in determining the appropriateness of the treatment. However, with QoL, the small  
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sample size and heterogeneity of the patient population may be even more a problem for the  
measurement of QoL. Moreover, generic preference measures, such as EQ-5D and SF-6D, are often 
insufficiently specific for measuring quality of life in orphan diseases. Then, disease-specific (health-
related) QoL measures can be relevant. Health-Related QoL (HRQoL), using disease specific 
instruments, is a unique patient-reported outcome measure that gives the voice to the patient on 
the impact of disease and treatment on their daily life.83  
Despite the problems of diversity in quality of life measurement, health authority bodies in Europe 
recommend, a generic preference measure (EQ-5D and SF-6D) plus an orphan disease specific 
questionnaire, if it is possible to construct such an instrument.84 Their recommendation applies 
either when the purpose of a relative effectiveness assessment is to inform patients and health care 
professionals about the HRQoL benefit of an intervention as compared to its comparator, or when 
the purpose is to inform health care policy makers about the relative value of a product. 
The QoL of the parents and siblings may also be heavily affected in children with an orphan disease, 
which suggests that ideally this should be included in the analysis as well, although this is not specific 
for orphan disease. 
So far, scarce data are available on QoL in cystinosis patients. One small study in 9 pediatric patients 
reported the significant impairment in HRQoL and psychosocial adjustment in cystinosis patients.85 
As HRQoL measure the Netherlands Organization for Applied Scientific Research Academical Medical 
Centre Child Quality of Life Questionnaire was used. In the phase III extension study for evaluating 
the efficacy and safety of DR-CYS during 24 months, QoL was measured using the age appropriate 
qualify of life questionnaire (Pediatric Quality of Life Inventory, PedsQL). A significant change was 
seen in the patients as they switched from IR-CYS to DR-CYS in 3 measures: the social function  
(p= 0.049), school function (p=0.004), and in total function (p=0.048). The subsequent change from 
all baseline values in the PedsQL, demonstrated that after 2 years of DR-CYS therapy, the 3 significant 
changes persisted, and there were no significant losses of quality of life in the other 2 measures 
(physical, emotional). Because of the small number of subjects evaluated, it is still questionable 
whether or not the measures that were evaluated had an adequate level of sensitivity for detecting 
differences over time or between treatments. 
In this section, the quality of life is evaluated using factors for quality of life that are defined based on 
the available practice and patient based information from an extensive group of cystinosis patients, 
i.e. most Dutch and Belgian cystinosis patients.  
 
Modifiable factors in quality of life 
The following modifiable factors within the three domains psychological, physical and social are 
identified when predicting the change in quality of life resulting from the advent of new medicines: 
Psychological domain 

- Implementation of CYS-therapy 
- Complexity of the CYS-therapy 

Physical domain 
- Complexity of intake 
- Control of the disease (by clinical parameters) 
- Impact of tolerance profile 
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Social domain 
- Dependency on social infrastructure 
- Flexibility in daily life 

 
Assessment of the quality of life from a clinical and a patient/caregiver perspective 
We assessed each of the directly modifiable factors relating to quality of life for the specific 
medicines DR-CYS and IR-CYS. The weighting and score of these factors is done for the general 
population. However, in the heterogeneous orphan disease like cystinosis this may differ for each 
individual patient. In orphan diseases like cystinosis, patient organisations and treating physicians 
have close contact with almost all patients and therefore could be regarded as the best available 
representative source of information about quality of life.  
For each modifiable factor, that may affect the patients' quality of life in relation to the specific 
medicines DR-CYS and IR-CYS, are mentioned in table 8.  
 
Table 8:  Influencing factors on quality of life with DR-CYS versus IR-CYS from clinical and patient/caregiver perspective. 
 

Clinical perspective Patient/caregiver perspective 

Psychological/emotional domain Psychological/emotional domain 

Implementation of the CYS-therapy: 
-Patient/Caregiver education: equal for DR-CYS and IR-CYS 

 Education and understanding about the relation 
between CYS therapy and short and long term 
disease outcomes is extremely important for 
executing the strict dosing regimen 

 Patient/caregiver education is complex (no direct 
effect of intake, but long-term effect) 

-Behavioural risks: less risk with DR-CYS 
 Pubertal adolescent behaviour 
 Adult behaviour when working 

 
 
 
 
 
-Parent/caregiver involvement: less intense role with DR-CYS 

 Children need caregivers (positive role) 
 Role of the caregiver may be perceived as negative 

(police-role)  
-Motivation patient/caregiver: better with DR-CYS 

 More difficult with IR-CYS with respect to strict 
Q6h dosing: more organising during the day 
(school) and impactful during the night 

 The high number of capsules with DR-CYS may 
negatively influence motivation of patients 

Implementation of the CYS-therapy: 
-Patient/Caregiver education: equal for DR-CYS and IR-CYS 

 Education and understanding about the relation 
between CYS therapy and short and long term 
disease outcomes is extremely important for 
executing the strict dosing regimen 

 Patient/caregiver education is complex (no direct 
effect of intake, but long-term effect) 

-Behavioural risks: less risk with DR-CYS 
 Skipping a dose during the night or during eventful 

days gives feelings of guilt, emotional stress and 
pressure 

 Consequences of non-compliance are serious and 
put pressure on patients and caregivers 

 Pubertal adolescent behaviour 
 Adult behaviour when working 

-Parent/caregiver involvement: less intense role with DR-CYS 
 Children need caregivers (positive role) 
 Role of the caregiver may be perceived as negative 

(police-role)  
-Motivation patient/caregiver: better with DR-CYS 

 More difficult with IR-CYS with respect to strict Q6h 
dosing: more organising during the day (school) and 
impactful during the night  

 The high number of capsules with DR-CYS may 
negatively influence motivation of patients 
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Complexity of the CYS-therapy 
-Frequency of dosing  

 The mandatory strict, lifelong intake puts high 
pressure on patient and caregiver 

 DR-CYS Q12h versus Q6h IR-CYS 
 
 
 
 
 
 
 
 
 
 
 
-Timing of dosing 

 DR-CYS has no mid-day-dose: requires less 
organising of external caregivers (school) 

 DR-CYS has no night dosage: impactful less stress 

Complexity of the CYS-therapy 
-Frequency of dosing  
o The mandatory strict, lifelong intake puts high pressure 

on patient and caregiver 
o DR-CYS versus IR-CYS: Q12h more flexible 

Morning and evening dose of DR-CYS  interfere less with 
daily programme: more freedom for patient and 
caregiver and more rest during the night 

o IR-CYS Q6h dosing a great mental burden for children 
and parents to be dependent on others (from teachers 
every school day during the year; school trips or camping 
sometimes impossible for children to attend) 

o DR-CYS puts less pressure on parents and family 
atmosphere; gives families more flexibility during the 
day, although there might still be a need for use of other 
medications for the FS in pre-transplant patients 

-Timing of dosing 
 DR-CYS has no night dosage and leads to less 

psychological/emotional stress: patients and 
parents don’t have to wake up (sleep deprivation, 
burn out) Sleep-overs with friends possible 

 More mental autonomy of the child with DR-CYS 
during the day: no burden of thinking on day-dose 
and its psychological limitations   
 

 

Physical domain 

 

Physical domain 

Complexity of intake 
 Number of capsules: better with IR-CYS 

o High number of capsules with DR-CYS 
(double: 32/day versus 16/day) 

 Size of the capsules 
o Equal 

 Opening of capsules/Sprinkling of capsules 
o Possible for both IR-CYS and DR-CYS 

Administering through feeding tubes 
o Possible for DR-CYS and IR-CYS 

 Instruction about intake: better with IR-CYS 
o More complex with DR-CYS  

(1 hour before or after a meal) 
o DR-CYS not with food rich in proteins or 

fat or ice cream 
 

Complexity of intake 
 Number of capsules: better with IR-CYS 

o High number of capsules with DR-CYS 
(double: 32/day versus 16/day) 

 Size of the capsules 
o Equal 

 Opening of capsules/Sprinkling of capsules 
o Possible for both IR-CYS and DR-CYS 

Administering through feeding tubes 
o Possible for DR-CYS and IR-CYS 

 Instruction about intake: better with IR-CYS 
o More complex with DR-CYS  

(1 hour before or after a meal) 
o DR-CYS not with food rich in proteins or 

fat or ice cream 
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 Instruction for interaction with other medicines 
o Bicarbonate therapies should be 

administered at least 1 hour before or 
after DR-CYS intake to avoid potential  
premature release of the granules with 
cysteamine44 

o Co-administration of the proton pump 
inhibitor omeprazole and DR-CYS in vivo 
showed no effects on cysteamine 
bitartrate exposure44 

 Instruction for interaction with other medicines 
o Bicarbonate therapies should be 

administered at least 1 hour before or 
after DR-CYS intake to avoid potential  
premature release of the granules with 
cysteamine44 

o Co-administration of the proton pump 
inhibitor omeprazole and DR-CYS in vivo 
showed no effects on cysteamine 
bitartrate exposure44 
 

Clinical parameters for disease control: 
WBC cystine level, renal function, thyroid function and 
muscle wasting: equal for DR-CYS and IR-CYS  

o Strong relation measurement of WBC 
cystine level and renal function with 
prognosis of the disease 

o Measurement of WBC cystine level may 
have a positive impact on compliance 

o However parameters remain ‘abstract’ 
for the patient because the intake does 
not create a direct clinical benefit that 
can be experienced instantly by the 
patient but only on the long-term 

Clinical parameters for disease control: 
WBC cystine level, renal function, thyroid function and muscle 
wasting: equal for DR-CYS and IR-CYS  

o Strong relation measurement of WBC 
cystine level and renal function with 
prognosis of the disease 

o Measurement of WBC cystine level may 
have a positive impact on compliance 

o However parameters remain ‘abstract’ for 
the patient because the intake does not 
create a direct clinical benefit that can be 
experienced instantly by the patient but 
only on the long-term 
 

Impact of tolerance profile 
 CYS-therapy gives side-effects 

o Mild to moderate profile of IR-CYS and 
DR-CYS, but with high impact on daily 
activities 

o Bothering side-effects related to intake: 
Q12h of DR-CYS therefore less frequent 
peaks of these side-effects than IR-CYS  

Impact of tolerance profile 
 CYS-therapy gives side-effects 

o Mild to moderate profile of IR-CYS and DR-
CYS, but with high impact on daily 
activities 

o Bothering side-effects related to intake: 
Q12h DR-CYS therefore less frequent 
peaks of these side-effects than IR-CYS  
 

 

Social domain 
 

Social domain 

Dependency on social infrastructure 
 In children DR-CYS puts less burden on school or 

other caregivers to take care/supervise the 
administration of medicines 
 
 

 Parents may depend on external support for the 
night dose (possible in The Netherlands, not in 
Belgium): not necessary with DR-CYS 

Dependency on social infrastructure 
 In children DR-CYS puts less burden on school or 

other caregivers to take care/supervise the 
administration of medicines, although there might 
still be a need for use of other medications during 
the day or night for the FS in pre-transplant patients 

 Parents may depend on external support for the 
night dose (possible in The Netherlands, not in 
Belgium): not necessary with DR-CYS 
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Social domain 
 

Social domain 

Flexibility in daily life 
 The strict dosing regimen puts a high burden on 

the flexibility of the patient and its family in daily 
life: less with DR-CYS 

 The intake of DR-CYS is more complex; less 
flexibility with meals; therefore socially less 
flexibility if not at home.  

 The participation in social activities is more easy 
with DR-CYS (no day-dose and no peak in halitosis 
and nausea, no night dose in case of sleepovers or 
nocturnal activities/travelling)) 

 Parents have more flexibility during their daily 
programme  

Flexibility in daily life 
 The strict dosing regimen puts a high burden on the 

flexibility of the patient and its family in daily life: 
less with DR-CYS 

 The intake of DR-CYS is more complex; less flexibility 
with meals; therefore socially less flexibility if not at 
home.  

 The participation in social activities is more easy 
with DR-CYS (no day-dose and no peak in halitosis 
and nausea, no night dose in case of sleepovers or 
nocturnal activities/travelling)) 

 Parents have more flexibility during their daily 
programme  

 
 
 
 
2.3.4.3 Conclusion of clinical and patient/caregiver relevance for criterion 4: quality of life  
 
Conclusions relevance criterion quality of life from a clinical perspective 
From a clinical perspective the psychological/emotional domain and social domain are most 
influenced by the switch of therapy from IR-CYS to DR-CYS. This difference is judged as relevant. The 
hypothesis is confirmed.   
 
Figure 10: Conclusion criterion 4: quality of life from a clinical perspective. 
 

 
DR-CYS (70%) 
 

 
IR-CYS (30%) 

 
 
Conclusions relevance criterion quality of life from a patient/caregiver perspective 
Similarly, from a patient/caregiver perspective, DR-CYS therapy influences positively the 
psychological/emotional domain and social domain. This difference is judged as relevant. The 
hypothesis is confirmed.     
 
Figure 11: Conclusion criterion 4: quality of life from a patient/caregiver perspective. 
 

 
DR-CYS (70%) 
 

 
IR-CYS (30%) 
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2.3.5 Criterion 5: Management of the therapy 
  

2.3.5.1 Definition clinical, patient/caregiver relevance criterion 5: management of therapy 

In table 9, the objective, parameter, hypothesis and relevant improvement are defined for criterion 5 
‘management of the therapy’ from both a clinical and a patient/caregiver perspective. 
 
Table 9: Definition of objective, parameter, hypothesis and relevant improvement for criterion 5. 
 

 Clinical perspective 
 

Patient/caregiver perspective 

Criterion Management of the therapy 
 

Management of the therapy 
 

Objective ‘Management’ of the therapy ‘Management’ of the therapy 
 

Parameter The degree of control about own activities and 
time 

The degree of control about own activities and 
time 

Hypothesis DR-CYS  results in a better control over own 
activities and time 

DR-CYS  results in a better control over own 
activities and time 

Relevant 
improvement 

More control over own activities and time More control over own activities and time 

 
 
2.3.5.2 The assessment of criterion 5: management of the therapy 
 
Management of the therapy 
In many diseases, promoting ‘(self-) management of the therapy’ is one of the aspects in the modern 
approach of ‘patient empowerment’. (Self-) management of the therapy is wrongly seen as an 
instrumental change that can be switched ‘on or off’. Much has been said and documented, but 
there seems to be little evidence of true self-management. This is partly because the realisation of 
self-management requires several changes to be made by the patient and the caregiver and in many 
cases also by the approach to the patient/caregiver by the treating physician. Moreover, 
management of the therapy is not only about self-management. Management of the therapy covers 
many aspects such as ‘medicine-intake’ (e.g. auto-injection, self-responsibility for intake), ‘managing 
the disease’ (e.g. regulating the insulin intake based on measured blood glucose, managing intake of 
co-medication for debilitating side-effects) and ‘independency of external caregivers’ (e.g. 
schoolteachers who have to ‘control’ the child’s intake of a mid-day dose of a therapy). 
The degree of management of the own disease depends on the type of disease (e.g. acute/chronic 
disease, complexity of the disease, pediatric disease, psychiatric disorder), the age of the patient (e.g. 
toddler, child, adolescent, adult, elderly patient) and on the patient’s environment. Treating 
physicians determine, in consultation with the patient, whether and to what extent management 
could be an option. The possibility of management may also vary at different periods in the course of 
the disease and in chronic conditions it requires continuity. People with a chronic disease often have  
limited number of days per year of contact with a treating physician, while on all the other days they  
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are responsible for the treatment and choices that affect their health and their lives.  
A definition of (self-) management is: ‘the individual ability to deal with symptoms, treatment, 
physical and psychosocial consequences and lifestyle changes inherent in living with a chronic health 
problem’ (NIVEL 2011).86  
In comparing therapies on their (self-) management abilities, the therapy as such is not the central 
issue, but it is the way the new therapy could be managed and could enhance the individual ability of 
the patient compared to the other therapy.  
 
Modifiable factors in management of the therapy 
In the literature87 the following parameters that affect (self-) management are identified: 
- Autonomy 
- Self managing/’in charge’ 
- Assertiveness 
- Self confidence 
- Quality of life 
- Participation 
- Costs  
All these elements are positively affected by self-management. The costs is the only non-patient 
related element and refers to savings by less consultations of treating physicians, less use of  
caregivers, and other health care services.  
 
Management of the therapy and cystinosis patients 
In the majority of cystinosis patients, clinical symptoms of cystinosis develop during the first year of 
life and gradually extend during childhood, adolescence and adulthood. The management of the 
disease therefore is largely related to these stages. During the course of the lifelong disease the 
management of the therapy changes from intensive caregiving by parents to managing the therapy 
by the patient itself during adolescence and adulthood. The fact that cystinosis is an orphan disease 
with by definition most of the time one single therapeutic option, encompasses that much ‘pressure’ 
is put on the management of the therapy due to its vital function. ‘Non-management’ results in more 
complications and earlier death.  
 
Assessment of relevance 
We assessed each of the directly modifiable factors relating to ‘management of the therapy’ for the 
two CYS-therapies DR-CYS and IR-CYS. For each modifiable factor the main aspects that may affect 
the patients' ‘management of the therapy’ in relation to DR-CYS and IR-CYS, are mentioned in table 
10. We examine what effect the exchange of IR-CYS by DR-CYS has on these factors. They have to be 
weighed against the parameter ‘the degree of control over own activities and time’. The hypothesis 
is defined by ‘DR-CYS therapy provides a better control of own activities and time’.  
The weighting of these factors is done for the general population, including all phases of the disease  
(childhood, adolescence and adulthood) in which the management is evaluated as a lifelong process.  
However, in the heterogeneous orphan disease cystinosis this may differ for each individual patient.  
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Ideally this information should be gathered from a random sample of patients and caregivers or from  
long-term follow-up studies. In ultra-orphan diseases like cystinosis, patient organisations and  
treating physicians have close contact with almost all patients and therefore could be regarded as a 
representative source of information about the management of therapy.  
For determining the relevance for criterion 5, the effect on the following aspects are measured. 
 
Table 10: Influencing factors on management of the therapy by DR-CYS versus IR-CYS from clinical and patient/caregiver 
perspective. 

Clinical perspective Patient/caregiver perspective 

Autonomy 
(In) dependency of caregivers and organisations. 

 Due to the orphan disease character of 
cystinosis, patients and caregivers do depend on 
highly specialized physicians for the choice for 
cysteamine therapy 

 Patients/caregivers do not have the ability to 
manage cysteamine therapy 
 
  

Autonomy 
(In) dependency of caregivers and organisations. 

 Due to the orphan disease character of cystinosis, 
patients and caregivers do depend on highly 
specialized physicians for the choice for cysteamine 
therapy 

 Patients/caregivers do not have the ability to 
manage cysteamine therapy 

 Patients and caregivers have some autonomy in 
choosing comedications for treating side-effects of 
cysteamine therapy  

 Patients and caregivers have some autonomy in 
choosing therapy for renal and extra-renal disorders 

Self managing/to be ‘in charge’ 
Self-organisation of own care 

 Managing the total care for cystinosis in terms of 
decisions about therapeutic choices is very 
limited due to the complexity of the disease 

 Managing the actual chosen therapy is possible  
 
 

 The intake instructions for DR-CYS (the 
avoidance of meals and bicarbonate therapy 
intake within 1 hour before or after DR-CYS 
intake) makes self-management in children more 
challenging 

 

Self managing/ to be ‘in charge’ 
Self-organisation of own care 

 Children are dependent on their parents for 
managing IR-CYS (Q6h); parents organise the 
compliance with the mid-day dose at school and 
with the night-dose at home: DR-CYS provides more 
options for management by the (older) children and 
adolescents under the supervision of their parents 

 The intake instructions for DR-CYS (the avoidance of 
meals and bicarbonate therapy intake within 1 hour 
before or after DR-CYS intake) makes self- 
management in children more challenging 

 Parents are more ‘in charge’ 
 With DR-CYS parents are more in charge to lead a 

normal sleep with no night-dose and with no 
dependency on external caregivers for the mid-day 
dose at school 

 With DR-CYS parents are more flexible during the 
day with respect to social family life and 
professional life 
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 Children, adolescents and adults more ‘in charge’  
 With DR-CYS they are more in charge to choose 

their day-activities and night-activities (sleep over, 
working in a night-shift, social nocturnal activities); 
although pre-transplant patients may need other 
medications at short intervals; transplanted 
patients are less bound to these kind of medications 

Assertiveness 
 Assertiveness towards treating physicians is 

probably higher due to better dosing regimen 
management and consequently compliance on 
DR-CYS 

Assertiveness 
 Children have less need for arguing with 

parents/caregivers if treated with DR-CYS; they can 
organise their daily life better around the Q12h 
dosing than around the Q6h dosing with IR-CYS  

Self confidence 
 Confidence in own acts and decisions 

o Improves for the patient and care- 
giver with the impactful difference in 
dosing regimen of DR-CYS;  

o Better compliance on DR-CYS 
provides more confidence in the 
therapy  

o More room for own acts and 
decisions in a dosing regimen of DR-
CYS which improves self confidence 

Self confidence 
 Confidence in own acts and decisions 

o Improves for the patient and caregiver 
with the impactful difference in dosing 
regimen of DR-CYS  

o Better compliance with DR-CYS provides 
more confidence in therapy among 
parents and patients 

o A better therapy management with DR-
CYS provides more room for own acts and 
decisions which improves self confidence 

Quality of life 
Functioning of individuals in the physical, psychological 
and social areas as subjectively experienced by them 

 Physical: With DR-CYS less restrictions in 
participation of daily activities (no organisation 
of mid-day dose by external caregivers 

 Psychological: With DR-CYS less pressure by 
parents and patients on intake (no difficult to 
organise mid-day dose intake and no difficult 
to be compliant with night-dose intake 

 Social: Less limitations in flexibility of daily 
activities with DR-CYS 

 Social: Intake of DR-CYS versus IR-CYS 
o Limitations with DR-CYS in relation to 

food intake 

Quality of life 
Functioning of individuals in the physical, psychological and 
social areas as subjectively experienced by them 

 Physical: With DR-CYS less restrictions in 
participation of daily activities (no organisation of 
mid-day dose by external caregivers 

 Psychological: With DR-CYS less pressure by parents 
and patients on intake (no difficult to organise mid-
day dose intake and no difficult to be compliant 
with night-dose intake 

 Social: Less limitations in flexibility of daily activities 
with DR-CYS 

 Social: Intake of DR-CYS versus IR-CYS 
o Limitations with DR-CYS in relation to 

food intake 
Participation (in daily life) 

 Freedom to participate in daily life activities 
With DR-CYS participation of patients is easier 

o More flexibility over the day, and 
more flexible related to daily life 
(school, work, holidays) 

o No night dose, so no involvement of 
parents/caregivers  and no sleep 
disturbance which makes 
participation in daily life more easy 

Participation (in daily life) 
 Freedom to participate in daily life activities 

With DR-CYS participation of patients is easier 
o More flexibility over the day, and more 

flexible related to daily life (school, work, 
holidays) 

o No night dose, so no involvement of 
parents/caregivers and no sleep 
disturbance which makes participation in 
daily life more easy 
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2.3.5.3 Conclusion clinical, patient/caregiver relevance criterion 5: management of therapy  
 
Conclusions relevance criterion management of the therapy from a clinical perspective 
From a clinical perspective, management of cysteamine therapy is supported by ‘self-confidence’,  
‘quality of life and participation in daily life’. The impact of the Q12h dosing regimen is high on these  
factors. The dosing regimen of DR-CYS improves the prerequisites for a better management of 
therapy best compared to IR-CYS therapy. However, some of the advantages that go with the Q12h 
dosing regimen are somewhat weakened in daily practice because other concomitant medications 
still need to be taken more than Q12h. 
However, comparing IR-CYS and DR-CYS, DR-CYS has a better profile for relevantly improving the 
management of therapy in terms of freedom of activities and time. The hypothesis is confirmed.   
 
Figure 12: Conclusion criterion 5: management of the therapy from a clinical perspective. 
 

 
DR-CYS (70%) 
 

 
IR-CYS (30%)  

 

 
Conclusions relevance criterion management of the therapy from a patient/caregiver perspective 
From a patient/caregiver perspective, management of cysteamine therapy is supported by the same 
factors ‘self-confidence’, ‘quality of life and participation in daily life’, added with the factor ‘self-
management’. The Q12h dosing regimen of Dr-CYS facilitates that children are more in charge of 
their daily activities and that parents are more flexible to organise the social family life their 
professional life. 
DR-CYS has a better profile for relevantly improving the management of therapy in terms of freedom 
of activities and time. The hypothesis is confirmed. 
 
Figure 13: Conclusion criterion 5: management of the therapy from a patient/caregiver perspective. 
 

 
DR-CYS (70%) 
 

 
IR-CYS (30%) 
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2.3.6 Criterion 6: Organisation of care 
  
2.3.6.1 Definition clinical and patient/caregiver relevance criterion 6: organisation of care 
 
In table 11, the objective, parameter, hypothesis and relevant improvement are defined for criterion 
6 ‘organisation of care’ from both a clinical and a patient/caregiver perspective. 
 
Table 11: Definition of objective, parameter, hypothesis and relevant improvement for criterion 6. 
 

 Clinical perspective 
 

Patient/caregiver perspective 

Criterion Organisation of care 
 

Organisation of care 

Objective Less complexity of care Less complexity of care 
 

Parameter Degree of complexity of care Degree of complexity of care 
 

Hypothesis Use of DR-CYS decreases complexity of care Use of DR-CYS decreases complexity of care 
 

Relevant 
improvement 

Decrease of complexity in at least one level of 
care (macro, meso or micro level) 

Decrease of complexity in at least one level of care 
(macro, meso, or micro level) 

 
 
2.3.6.2 The assessment of criterion 6: organisation of care 
 
Organisation of care 
The organisation of the care needs to be evaluated on three levels: macro, meso and micro level. 

- Macro level: Guidelines on the disease 
- Meso level: Infrastructure for treating the disease  
- Micro level: Monitoring of the disease at patient level 

The organisation of care differs in relation to the type of disease. In common disease areas like 
diabetes and cardiovascular disease, the organisation of care may be more developed than for 
example in orphan diseases. Large patient populations in diabetes and cardiovascular disease areas 
may require an advanced organisation with guidelines, that are common on an European level and 
most of the time translated to national and even local (regional) tailor made guidelines. Additionally, 
they may require an established infrastructure for cooperation between general practitioner and 
specialist including assisting practitioner nurses, and an integrated monitoring system on patient 
level in patient databases, usually including the local pharmacist for controlling interactions of 
medications. In orphan diseases with extreme small populations, the organisation of care is mostly 
dependent on the presence of an orphan therapy which makes organisation of such an orphan 
disease necessary for fulfillment of obligatory post-registration requirements, for national financing 
purposes and for managing patients and caregivers.   
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Organisation of care and cystinosis 
Macro level: Guidelines 
The most recent guideline is ‘Nephropathic Cystinosis, an international Consensus’ by Emma et al.,  
2014. In orphan diseases, guidelines are predominantly established by international groups of  
treating physicians due to the fact that, particularly in orphan diseases like cystinosis, the number of 
patients worldwide is low and the number of experts for treating these patients are limited on a 
national level. Therefore, experience and knowledge is bundled by sharing data and results in order 
to create the maximum share of knowledge and experience for the purpose of establishing optimal 
treatment approaches. It is in the interest of the patient that the international guidelines for 
treatment of cystinosis are followed by the local treating physicians.  
 
Meso level: Infrastructure for treating the disease  
Within orphan diseases, more and more, centralisation of expertise is promoted. In The Netherlands,  
it is common since several years that per orphan disease centres of excellence are created. This the 
case for the disease of Fabry and Pompe. This idea of expertise centres did exist already some 
decades ago for specialized medical treatments such as heart transplantation and liver 
transplantation and special diseases such as hemophilia and HIV. The centres of excellence for 
orphan diseases are created not only from a clinical perspective of centralizing the clinical expertise 
and experience with the small patient population, but are also created from a scientific and financial 
perspective. Scientifically, research and patient databases can be centralised in such expertise 
centres in order to efficiently deal with the scarce data and to promote the access to this data by all 
stakeholders instead of a private database of manufacturers of orphan therapies. Financially, it is 
efficient to organise the disease costs in one centre that usually is compensated for these extra costs 
by a regulation executed by local health insurance companies.  
Establishing centres of expertise is strongly promoted by the European Committee (EC). The EC 
supports also the formation of European reference networks. Expertise centres have additional tasks 
transcending the tasks of national centres or as centre in case no national centres are lacking. So far, 
no expertise centres are appointed by the Belgian health authorities, but some centres already 
perform this role informally in daily practice and are recognized by other centres for this role, e.g. UZ 
Leuven for cystinosis. The Dutch health authorities have appointed recently the national expertise 
centre function for cystinosis to Radboudumc Nijmegen, which performed this role already in daily 
practice.  
In cystinosis treatment, early initiation of therapy and subsequent life-long treatment implies that a 
pediatrician starts the treatment and treats patients for almost two decades. After this phase, adults 
need to seek another specialist for treating them for the rest of their lives. However, in current 
practice it appeared that few resources are in place to prevent inadequate transition to adult 
services that management of systemic disease involvement is poor, that reference centres are 
lacking in many countries and, commonly, that awareness on cystinosis among adult physicians is 
low.62 Cystinosis patients are often transferred in a suboptimal process to adult services where they 
feel depressed by non-recognition and ‘lost in the system’ with many centres caring for one  
individual patient.88 A facilitated transition to adult healthcare services guided by expert  
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recommendations and multidisciplinary teams are urgently required to improve the clinical  
management of cystinosis.88 Therefore, cystinosis is a good model for the need of one expertise  
centre in which this ‘paediatric disease’ may extend into adult practice. 
While clinical management of cystinosis is more or less completely focused on the patients, less  
support structures are available for parents. From toddler to puberty, parents are the guardians for 
the day to day management of cystinosis patients. Beside the patient and parent organisations which 
are present in many countries in Europe, among which The Netherlands and Belgium, no 
infrastructure is in place for coaching parents. Patient organisations often fulfill the role of peers 
group for many families with cystinosis patients. Other services such as home care service for 
administration of IR-CYS at night is available in The Netherlands. Specialised nurses enter the house 
with a key and give medication to the child. In this way parents could have some nights of sleep. 
However, this care is not available in Belgium.  
 
Micro level: Monitoring of the disease at patient level 
In terms of monitoring cystinosis at patient level, one of the major issues is the diminishing 
adherence over time in adolescents and adults, despite the impact of compliance on the 
complications of the disease and the availability of an effective therapy. In a study towards 
adherence in the Spanish cystinosis patient population consisting of both children and adults, it was 
demonstrated that despite the severity of the disease and the impact of treatment on outcome, 
adherence to IR-CYS wanes over time in cystinosis from 89% compliance among children to 56% 
compliance among adolescents and adults. With up to 65% of patients taking advantage of alarms or 
dose-reminder tools, the study demonstrated that patient motivation for treatment is insufficient:  
72% of patients under 11 were always motivated, and 39% expressed more motivation before a 
clinical appointment, 38% of older patients (> 11 years of age) expressed feeling always motivated 
(38%) and, remarkably, 38% expressed no motivation at all, with low increased interest before/after 
a clinical appointment or before a blood test. These results underline the need for implementation of 
patient education and motivation programmes stressing the benefits of good compliance and its 
consequences for the long-term prognosis. Nevertheless, suboptimal treatment adherence is not 
restricted to cystinosis and more could be learned from other disease areas such the related disease 
area ‘renal transplantation’ where similar adherence problems were seen. Recent renal transplant 
studies reported that 52–67% of adult kidney transplant recipients failed to follow their immune-
suppressive medications correctly, which increased the probability of graft failure.89 90  Measures 
targeting behavioural risk factors and active patient involvement have been advocated to improve 
treatment compliance in adult transplanted patients. Accordingly, similar strategies should be 
implemented in young and adult cystinosis patients.91  
Treatment with the new DR-CYS formulation with its favourable compliance profile and self-
management profile presumably has a positive impact on patient adherence. However, factors such 
as disease complexity and limited awareness of the long-term outcome of cystinosis may still 
determine a large part of patient compliance.  
An important aspect of the micro-level is the monitoring of the individual patient by the treating  
physician. The different CYS–therapies do not differ in the type of monitoring (laboratory  
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measurements of WBC cystine level, other clinical measurements). However, the infrastructure of  
laboratory measurements has to change for measuring the WBC cystine levels for patients on DR-CYS 
therapy due to the necessary morning measurements. The patient will have to visit the lab early in  
the morning or in the evening if the lab is open instead of during the day for patients with IR-CYS  
(sampling before the ‘day-dose’). 
 
Assessment of relevance 
The organisation of the care is evaluated on the three levels ‘macro, meso and micro level’ for both 
CYS-therapies DR-CYS and IR-CYS. The outcomes are presented in table 12. 
 
Table 12: Comparison of organisation of care for DR-CYS versus IR-CYS from a clinical and patient/caregiver perspective. 
 

Level Therapy 
 

DR-CYS IR-CYS 

Macro Improvement by guidelines 
 

+ + 

Meso Improvement treatment by centres of excellence  
 

+ + 

Better  transition to adult specialist 
 

+ + 

Less need for support structure for parents/caregivers (for mid-day and night-dose) 
 

+ - 

Micro Better education on the disease 
 

+ + 

Monitoring the disease at individual patient level 
 

- - 

Promotion of self-management 
 

++ + 

Monitoring compliance more easy 
 

+ - 

 
 
 
2.3.6.3 Conclusion clinical and patient/caregiver relevance criterion 6: organisation of care  
 
Conclusions relevance criterion organisation of care from a clinical perspective 
From a clinical perspective all levels of organisation of care are very important for cystinosis. The 
prognosis of the disease is determined by the success of organisation of care on all levels. From the 
clinical perspective therapy with DR-CYS influences the micro-level aspects ‘self-management and 
the monitoring of compliance’ in a positive manner, whereas it makes the monitoring of the disease 
by the clinician more complicated. The difference is judged as not relevant. The hypothesis is 
rejected.   
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Figure 14: Conclusion criterion 6: organisation of care from a clinical perspective. 
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Conclusions relevance criterion organisation of care from a patient/caregiver perspective 
From a patient/caregiver perspective therapy with DR-CYS influences the micro-level aspects in the 
same manner as from the clinical perspective. Beside the micro level aspects, the meso level aspect 
‘less need for support structures by patients and caregivers’ is influenced positively with DR-CYS 
therapy. This difference is judged as relevant. The hypothesis is confirmed.   
 
Figure 15: Conclusion criterion 6: organisation of care from a patient/caregiver perspective. 
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2.4  Outcomes and Conclusions  
 

 
2.4.1 Outcomes of the assessment of the relevance criteria 
2.4.2     Conclusions Clinical and Patient Relevance 
2.4.3 Discussion and recommendation 

 

 

 
2.4.1 Outcomes of the assessment of the relevance criteria 
 
The objective of this clinical and patient/caregiver relevance procedure was determining the overall 
relevant gain from both a clinical and a patient/caregiver perspective of the recently introduced 
orphan medicinal product ‘delayed-release cysteamine bitartrate’ (DR-CYS) in comparison to the 
standard therapy with ‘immediate-release cysteamine bitartrate’ (IR-CYS) in patients with cystinosis. 
For the purpose of defining the overall relevant gain, the experts made use of a value framework in 
which an overall hypothesis and six clinical and six patient/caregiver relevance criteria were defined. 
The overall hypothesis was: DR-CYS provides a relevant improvement over IR-CYS from a clinical  
and/or a patient/caregiver perspective. The criteria to be tested for clinical and for patient/caregiver 
relevance were defined as ‘complications of the disease, tolerance profile, compliance, quality of life, 
management of the therapy and organisation of care’ (see figure 16).  
 
Figure 16: Schematic overview of the overall hypothesis and underlying criteria for clinical and patient/caregiver 
relevance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Complications of the disease 

Organisation of the care 

Compliance 

Safety/tolerance profile 

 

 

 

 
Quality of life 

Management of the therapy  

Delayed-release (DR-CYS) versus 
immediate-release (IR-CYS) 

formulation of cysteamine bitartrate 

 

Hypothesis: DR-CYS provides a relevant improvement 
over IR-CYS from a clinical and/or a patient/caregiver 

perspective. Confirmed or rejected? 

80

      CON T EN T S



81 
   
 

 
 
For each individual criterion with its individual hypothesis, the respective experts judged the 
relevance between therapy with the DR-CYS and the IR-CYS formulation of cysteamine bitartrate. 
Based on the combined results of the six criteria, the overall hypothesis was confirmed or rejected 
from each respective clinical and patient/caregiver perspective. 
 
In figure 17 the outcomes of the assessment of the clinical relevance per individual criterion is shown 
as well as the overall outcome of clinical relevance. 
 
Figure 17: Schematic overview of the overall hypothesis and underlying criteria for clinical relevance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 
 
In figure 18 the outcomes of the assessment of the patient/caregiver relevance per individual 
criterion is shown as well as the overall outcome of patient/caregiver relevance. 
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Figure 18: Schematic overview of the overall hypothesis and underlying criteria for patient/caregiver relevance. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 
 
2.4.2 Conclusions clinical and patient/caregiver relevance  
 
Conclusion on clinical relevance 
It was concluded by the clinical experts that 4 out of 6 criteria for clinical relevance showed an 
improvement for DR-CYS versus IR-CYS. Therefore the overall hypothesis was confirmed.  
The improvement was expressed as relative improvement of one therapy over the other on a scale of 
0-100%. An improvement of at least 10% was regarded as relevant. The  improvement was relevant 
for the criteria ‘complications’, ‘compliance’, ‘quality of life’ and ‘management of the therapy’. The 
20% improvement for the criteria ‘compliance’, ‘quality of life’ and ‘management of the therapy’ is 
regarded substantial.  
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Conclusion on patient/caregiver relevance 
It was concluded by the patient/caregiver experts that 5 out of 6 criteria for patient/caregiver 
relevance showed an improvement for DR-CYS versus IR-CYS. Therefore the overall hypothesis was 
confirmed. Also for patient/caregiver relevance an improvement of at least 10% was regarded as 
relevant. The  improvement was relevant for the criteria ‘complications’, ‘compliance’, ‘quality of 
life’, ‘management of the therapy’ and ‘organisation of care’. The 20% improvement for the criteria 
‘compliance’, ‘quality of life’ and ‘management of the therapy’ is regarded substantial.  
 
 
2.4.3 Discussion   
 
Relevance value framework 
From a methodological point of view, two mechanisms for the assessment of the relevance of a new 
orphan therapy versus standard therapy have been applied in this report: ‘integrated information 
perspectives’ and a ‘multi-criteria decision analysis (MCDA) process’.  
 
Integrated information perspectives 
The judgment of clinical as well as patient/caregiver relevance cannot be based on scientific 
evaluation (Evidence Based Medicine, EBM) alone. The experience from daily practice (Practice 
Based Medicine, PrBM) and the information that is provided by patients themselves and if applicable 
by caregivers (Patient Based Medicine, PaBM) are indispensable prerequisites for interpreting 
scientific data and therefore for determining the value and relevance of new therapy versus standard 
therapy. Due to the importance of PrBM and PaBM, assessment of relevance can be performed best 
by experts that are in a position to integrate scientific knowledge and practical experience as well as 
patient/caregiver experience. These experts are in an ideal position to judge what would be a 
relevant improvement and ultimately to set this as a standard.  
 
Multi-criteria decision analysis (MCDA) process 
The assessment of the relevance of DR-CYS versus IR-CYS is based on 6 criteria that were included in 
an orphan medicinal product relevance value framework. Each criterion needed to be measurable, so 
that the degree to which the orphan medicinal product attains the criterion can be assessed by the 
experts. The scores of an orphan medicinal product on the different criteria are then aggregated with 
a view to calculating an overall performance score. Given the intrinsically complex nature of the rare 
diseases and orphan medicinal products’ environment, an MCDA approach for rare disease 
treatment value assessment has the merit of ensuring shared understanding of the elements of value 
as well as a clear articulation of trade-offs between those elements. It offers also a possible construct 
for more comprehensive guidance I the development of treatment guidelines and for coverage 
(reimbursement) decision-making.  
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Applicability 
The patient relevance part of the relevance value framework used in this report, has been applied to 
non-orphan diseases as well. Two evaluations on patient relevance have been published in the  
cardiology disease area, using the same methodology.80 81 An interesting finding is that the identified 
criteria for patient/caregiver relevance were largely comparable. On the basis of this finding, the 
experts assume that this relevance assessment procedure may constitute a suitable value framework 
for the assessment of other orphan medicinal products. However, it is recommended to integrate 
clinical relevance in assessment procedures for rare diseases due to the fact that in the management 
of rare diseases, the clinical and patient/caregiver perspectives are strongly interconnected. Given 
the intrinsically complex nature of rare diseases and the orphan medicinal products’ environment, a 
value framework approach such as this expert procedure on the assessment of relevance has the 
merit of integrating all available valuable information (the three levels of Evidence Based Medicine 
[EBM], Practice Based Medicine [PrBM] and Patient Based Medicine [PaBM] and of aggregating the 
outcomes of the different individual assessment criteria from both clinical an patient perspective into 
an overall performance. The outcomes of this expert procedure may improve knowledge and provide 
guidance for diagnosis and treatment. 
It is of interest to examine whether this relevance value framework with its six relevance criteria can 
be set as a standard.  
 
 
Recommendation 
Based on the current available multi-disciplinary information used in this relevance assessment, the 
experts recommend health authorities and local decision making bodies to provide access to DR-CYS 
for cystinosis patients. This recommendation is based on the relevant improvement of the majority 
of essential elements of the cystinosis treatment, that have already demonstrated a strong 
relationship with long term outcomes and hence prognosis. Within the context of this 
recommendation, the ultimate treatment decision remains always with the clinician and the 
patient/caregiver, determined by patient-related factors. That the experience with DR-CYS is still 
relatively short does not affect the current recommendation. In orphan diseases it is common that 
late complications first appear after many years or sometimes decades. For this reason, from an 
ethical point of view, treatment decisions cannot be postponed. Moreover, in cystinosis, clinical 
studies focus on the child-population, which implies that, ethically, only the strict necessary 
parameters are measured in order to reduce the burden of such research in children, and which 
implies also that the availability of long term outcomes takes a while (from childhood into 
adolescence and adulthood). However, the experts stress the importance of a continuous follow-up 
in daily practice for obtaining long term data and for increasing the robustness of the findings. From 
this perspective, the experts recommend to re-evaluate the outcomes of this relevance procedure 
every 5 years.  
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