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Abstract

Fabry disease (FD) is a rare X-linked lysosomal storage disorder. Although initial expectations 

of enzyme replacement therapy (ERT) were high, it is now clear that real-world effectiveness is 

disappointing and evidence gathering was inadequate. 

In retrospect, development of ERT for FD had several shortcomings. Little convincing evidence 

on the effectiveness existed at time of authorization. Also, post-marketing evaluation failed 

to generate sufficient and relevant data for adequate evaluation on effectiveness. Adaptive 

pathways might have benefitted ERT development by i) involving health care professionals, 

patients, health technology assessment bodies and payers in the development process, ii) 

iterative development, starting with initial authorization in classical males, iii) a clear real-world 

data collection plan, iv) an independent disease registry and v) prescription control. 

 

Introduction

Fabry disease (FD; OMIM 301500) is a rare X-linked lysosomal storage disorder, caused by a mutation 

in the GLA gene. This leads to deficiency of the lysosomal enzyme alfa galactosidase A, and, as a 

consequence, systemic accumulation of glycosphingolipids (particularly globotriaosylceramide 

(Gb3) and globotriaosylsphingosine (lyso-Gb3)).1 Although the exact pathophysiology of FD is 

still only partly understood, the accumulation of glycosphingolipids is believed to be the starting 

point of the pathway leading to organ involvement and ultimately signs and symptoms of the 

disease. To date, a large variety of mutations in the GLA gene have been described, including 

missense, nonsense and splice-site mutations, which is one of the reasons that causes FD to be 

highly heterogeneous.2 FD can roughly be divided into a severe, classical phenotype, and a more 

attenuated, non-classical phenotype. In patients with the classical phenotype, clinical symptoms 

typically occur in childhood or adolescence, and include neuropathic pain, anhidrosis, cornea 

verticillata and angiokeratoma. When the disease progresses, cardiac complications (fibrosis, 

hypertrophic cardiomyopathy), cerebrovascular events and renal insufficiency may develop.3, 4 

Other than in patients with the classical phenotype, who have no or very low residual enzyme 

activity, patients with the non-classical phenotype can have substantial alfa galactosidase A 

activity.5 Hence, the disease onset is usually delayed until the 3rd or 4th decade and may involve 

only one organ. Although the X-linked inheritance pattern suggests otherwise, FD can also lead 

to clinical manifestations in women, yet they are in general less severely affected than men.6 

When the European Medicines Agency (EMA) granted two recombinant enzymes a marketing 

approval in 2001 (agalsidase alfa (Replagal®) and agalsidase beta (Fabrazyme®)), expectations 

about their effectiveness were high. However, despite the high costs (annual per-patient costs 

are estimated at 200,000 euros), enzyme replacement therapy (ERT) did not always prove to 

be effective in the real world.7 This may in part be explained by methodological limitations that 

are inherent to the rarity of the disease: sample sizes are typically small, and study duration 

generally short when there is an unmet medical need. The pivotal studies for Replagal® and 

Fabrazyme® used biomarkers that insufficiently studied as predictors for clinical endpoints and 

mainly included adult males with a classical phenotype.8-10 Furthermore, post-marketing data 

collection was inadequate and led by the marketing authorization holders. 

When new drugs are authorized in the future, this problem may be solved by using the ‘adaptive 

pathways’ approach as introduced by the EMA. Adaptive pathways is a scientific concept that 

is based on three principles: i) iterative development, ii) collecting real-world evidence to 

supplement clinical trial data, and iii) early involvement of healthcare professionals, patients 

and health technology assessment (HTA) bodies in discussions on a medicine’s development.11 

Eventually, this allows for early and iterative patient access to new drugs. The first EMA report 

on adaptive pathways indicated that it can foster multi-stakeholder dialogues and support 
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medicine development in therapeutic areas where evidence generation is challenging11, but it 

also highlighted some unsolved issues. These included the absence of sound strategies of real-

world evidence collection, the feasibility of implementing prescription controls, the voluntary 

involvement of HTA bodies and absence of payers (i.e., organizations responsible for decisions 

on pricing and reimbursement) in the pilot.11 These are all believed to represent core elements 

of adaptive pathways to ensure continuous data collection and stakeholder input. Well designed 

post-marketing registries are key for long-term evidence collection, but the way these should 

be set up and managed remains unclear.12 The option of long-term data collection initiated and 

executed by experts in the field rather than industry and has so far received little attention. 

In this article, based on our experience of collection and analysis of post-marketing data in 

Fabry disease13-15, we describe how an adaptive pathway approach could have benefitted the 

development process of ERT for FD from a clinical standpoint. By evaluating pitfalls and sharing 

lessons learned, we tried to extract core elements that may serve as a guiding principle for the 

evaluation of new drugs that are eligible for the adaptive pathways approach in the future.

Agalsidase beta and agalsidase alfa – the traditional scenario

Pivotal studies

Marketing approval for agalsidase alfa was based on two pivotal studies. One compared 

agalsidase alfa with placebo in 26 classical male patients. Study duration was 6 months and 

the primary endpoint was changes in severity of neuropathic pain.10 It showed that there was a 

positive effect of agalsidase alfa on pain compared to placebo (p=0.021).16 However, the mean 

pain score at baseline was higher in the placebo group compared with the agalsidase alfa group. 

The exact magnitude of pain reduction was thus difficult to estimate.16 The other pivotal study 

of agalsidase alfa lasted 6 months and showed no significant differences in the primary endpoint 

(myocardial Gb3 levels) between the active treatment group and the placebo group.9 ERT did 

induce a statistically significant reduction in the secondary endpoint cardiac mass compared to 

placebo (11.5 g decrease versus 21.8 g increase, range not provided, p=0.041, n=14).9

The pivotal study for agalsidase beta investigated the percentage of patients in whom renal 

endothelial Gb3 was cleared in a study population (n=58) that mainly consisted of males with a 

classical phenotype (97%).8 It showed clearance in 69% of the patients treated with agalsidase 

compared 0% of the placebo treated patients (p<0.001) at the end of the 20 week study period.8 

However, no significant difference between groups was seen in symptom assessment. 

All pivotal studies were performed in mainly adult males with the classical disease phenotype. 

Only one pivotal study included 2 female patients, whom accounted for only 3% of the total study 

population.8 Even though no other studies in specific patient populations (e.g., children, females, 

patients with non-classical phenotype) were performed at time of marketing authorization, both 

therapies were authorized for the entire patient population.16, 17 

Marketing authorization 

Agalsidase alfa (Transkaryotic Therapies Inc., later acquired by Shire Human Genetic Therapies), 

was developed simultaneously with agalsidase beta (Sanofi Genzyme). According to EMA’s drug 

policy, only one orphan medicinal product (OMP) can be approved per indication, unless there is 

a significant benefit of one over the other. Nonetheless, both therapies were authorized under 

‘exceptional circumstances’ on the same day.18 (a) Both marketing authorization holders (MAHs) 

requested protocol assistance at the EMA (i.e. regulatory scientific advice for OMPs) prior to 

marketing authorization. This regulatory advice on study design generally leads to an increased 

chance of successful marketing. Based on the data of the pivotal studies, the EMA granted 

marketing approval for both OMPs in 2001. 

Real-world effectiveness

Both MAHs were obliged by EMA to gather post-marketing information on dosing interval, 

infusion reactions and antibody formation, as well as long-term safety and effectiveness. For 

this purpose, two separate drug registries were initiated: the Fabry Outcome Survey (FOS, Shire) 

and the Fabry Registry (Genzyme). Furthermore, a study in children was performed as a post-

marketing obligation. This randomized, open-label study (FIELD: Fabrazyme; Intervening Early 

at Low Dose) evaluated two alternative low dose regimens of agalsidase beta in treatment-

naive male pediatric patients with FD without severe symptoms.19 No great difference could be 

established between both regimens considering the effect on renal function, cardiac anatomy 

and function, hearing loss, gastrointestinal symptoms and quality of life.19 Trials in children that 

were performed later on showed evidence of clearance of Gb3 from plasma and tissue, but 

results on clinical outcomes were mixed.20-24

In general, few randomized studies that evaluated effectiveness in clinical endpoints were 

performed. Also, separate data in males and females on the occurrence of clinical events during 

ERT are scarce. For Fabrazyme, a phase IV randomized, double-blind, placebo-controlled study 

was conducted post-marketing, which evaluated the time to first clinical event.25 Although not 

statistically significant, it showed that Fabrazyme reduced the likelihood of any clinical event 

(p=0.058). For Replagal®, no robust randomized phase IV trials were performed post-marketing. 

One Cochrane review was conducted, which only included pivotal studies (pre-marketing) in the 

a   EMA may grant three types of marketing authorization: full (sufficient comprehensive data are available to 
make a decision on marketing authorization), conditional (authorization is granted in absence of comprehensive 
data, but in the likelihood that the sponsor will provide such data within an agreed timeframe) or under 
exceptional circumstances (comprehensive data are not available at time of marketing authorization and are not 
likely to be obtained after marketing authorization).
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analysis.26 A systematic review with pooled results of 39 cohort studies showed that treatment 

with agalsidase beta was associated with a significantly lower incidence of renal, cardiovascular 

and cerebrovascular events compared to the untreated situation and with a significantly lower 

incidence of cerebrovascular events compared to agalsidase alfa.27 However, due to small study 

populations, subgroup analyses according to gender, phenotype or disease severity at start of 

therapy could not be performed. Also, a considerable share of the included studies consisted of 

registry data. 

In the real-world situation, payers ask for cost-effectiveness analyses, to be able to decide about 

reimbursement within a limited healthcare budget. For Fabry disease, a cost effectiveness 

analysis, evaluated in a Markov state-transition model, showed that the number of QALYs gained 

with treatment was very small. In light of the high price of the treatments, price per QALY was 

extreme18 and led to nationwide discussions about reimbursement. It is very likely that further 

studies in subgroups would have shown differences in response and hence in price per QALY. 

Hence, structured HTA studies should be incorporated in the adaptive pathway to support 

appropriate use of OMPs.

Pitfalls of the traditional scenario

A schematic reproduction of the traditional scenario is depicted in Figure 1. In this scenario, 

the decision of marketing authorization was binary; an OMP was either authorized or not. In 

the case of FD, however, many uncertainties existed about the effectiveness of both OMPs at 

time of marketing authorization. Although the positive effect of the OMPs on biomarker levels 

(e.g. Gb3 levels in plasma and tissues) was shown, they did in retrospect not always prove to be 

good predictors for the effect on clinical symptoms or disease manifestations.28-31 Hence little 

was known about the OMPs’ effectiveness regarding clinically relevant endpoints. This evidence 

gap was not fully clear at the time of marketing authorization and did not lead to well designed, 

conducted and analyzed post-marketing studies to confirm clinical efficacy. 

To gather evidence on the natural course of FD, differences in disease phenotypes and the 

justification of the use of certain biomarkers as surrogate endpoints, post-marketing studies 

are paramount. In the case of FD, MAHs were obliged to carry out studies on long-term safety, 

effectiveness and antibody formation. Also, two separate industry-driven drug registries were 

initiated post-marketing. However, since MAHs did not collaborate, data were fragmented (e.g. 

follow-up of patients switching from one treatment to the other was lost). As a consequence 

of voluntary contribution of patients and healthcare professionals, publications showed that 

for most patients in the registry the datasets were incomplete and for some the data were 

incorrect.32, 33 Reports on the progress of post-marketing requirements were expected to be 

submitted to the EMA annually. However, annual reports often contain aggregated and analyzed 

study data. Complete reports with raw study data are generally not in the public domain, 

leading to a lack of clarity on the  effectiveness of both drugs. Interestingly, the ‘exceptional 

circumstances’ for agalsidase beta ended on 6 February 2008 and for agalsidase alfa on 20 

July 2015, converting the authorizations into full approvals. This implies that post-marketing 

requirements were sufficiently fulfilled. However, crucial questions on the effectiveness of both 

drugs were not satisfactorily answered from a clinical viewpoint. These included questions on 

the adequate time of treatment initiation, reasons to stop treatment and the effectiveness of 

treatment in the different subgroups.32 This lack of knowledge caused severe decision-making 

dilemmas in clinical practice. 

One of the unsolved issues, which was inadequately addressed in these registries, was the 

difference in disease course between males and females and between classical and non-classical 

patients. Generally, male patients with classical FD have a higher risk of developing events than 

both male patients with non-classical FD and female patients.6, 34, 35 The natural disease course in 

female patients with a classical phenotype seems to resemble the disease course of non-classical 

males. Non-classical females appear to have the mildest disease course and, for example, rarely 

develop renal failure.14 Considering the differences in phenotype, comparisons with historical 

control groups that are not stratified for phenotype (as done in the FOS and Fabry Registry), 

are of very doubtful value.33, 36, 37 Another important issue is the fact that screening initiatives, 

following the introduction of ERT, have identified many patients with a mild Fabry disease 

phenotype. Initially, mainly classically affected male patients were treated, who may have a 

Traditional	scenario
Pre-marketing Post-marketing

Clinical	trials	
in	mainly	
classical	
males

Post-marketing	data	generation
- observational	studies
- phase	IV	studies

Results	reported	to	
EMA;	full	approval	if	
enough	data

Drug	registry	agalsidase	alfa	(led	by	industry)

Consultation	
between	industry	
and	regulators

(Conditional)	marketing	approval	
for	Fabrazyme	and	Replagal	for	
entire	patient	population

Real	world	experience

Drug	registry	agalsidase	beta	(led	by	industry)

Reimbursement	
studies	on	national	
level

Doubts	on	cost-
effectiveness	may	
hamper	patients’	
access	to	medicines

Doubts	on	cost-effectiveness	
may	hamper	patient’s	access	to	
medicines

Figure 1 Traditional scenario 6
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severe progressive disease course. Screening, however, yielded a high number of individuals with 

variants in the GLA gene.38 The majority of these patients typically had missense mutations or a 

GLA genetic variant of unknown significance (GVUS), often resulting in residual enzyme activity 

and a milder disease course.34 Treating these patients may have led to stabilization of disease, 

merely because they had a slowly progressive disease course. 

A second unresolved issue is the timing of treatment initiation, even after 15 years of post-

marketing data collection. Opinions on whether or not to start ERT before the onset of clinical 

symptoms, are divergent. The abovementioned FIELD study evaluated the efficacy of agalsidase 

beta in pediatric male patients without severe symptoms, but 10 years after study initiation 

results are still not published. From the aggregated data in the registries, without detailed 

information on the presence of irreversible damage, it is impossible to find sufficient evidence 

when to start or stop therapy. Small, usually single center studies, have shown that when major 

organ involvement is already present at onset of treatment, ERT does not lead to improvement 

of clinical symptoms.39, 40 Based on this type of studies rather than published data from the 

registries, a European guideline for treatment of Fabry disease has stipulated that ERT initiation 

before clinical symptoms may be considered in male classical FD patients. However, this is 

questionable in females and males with non-classical FD.41 

Finally, although two different therapies were authorized simultaneously, it was never thoroughly 

investigated which of the two therapies has a better effectiveness. 

The improved scenario

Adaptive pathways

With the benefit of hindsight, we conclude that several steps in the development and authorization 

process of agalsidase beta and agalsidase alfa leave room for improvement. Here, we propose an 

improved scenario of the development and authorization process, using the adaptive pathways 

approach as a guiding principle. A schematic reproduction of the improved scenario is depicted 

in Figure 2. 

Iterative development

Iterative development implies that drug approval occurs in stages, approving the drug first 

for a restricted patient population that is likely to benefit the most and, as further evidence 

is gathered, the population can be expanded to other patient subgroups. When it comes to 

iterative development in the case of FD, several recommendations can be made. First, the most 

obvious advice would be to initially authorize ERT for adult male patients with the classical 

disease phenotype. Studies in female patients, children and non-classical male patients are 

necessary and obliged to assess the effect of ERT in these populations and consequently broaden 

or limit the authorization. For the iterative development to be successful, the MAH should make 

a clear development plan early in the development process, and studies need to be started and 

completed within a specified timeframe. 

Second, iterative development should also imply that the indication of ERT is withdrawn for 

certain patient subgroups, when advancing insight shows that effectiveness is not proven. For 

example, as it gradually became clear that some non-classical FD women have an attenuated 

disease course, treating this subgroup with ERT may not be of additional value to prevent 

complications. Furthermore, single center studies and data from expert centers have shown 

that the administration of ERT is of little use when FD patients are severely affected (e.g. have 

cardiac fibrosis or severe renal disease).15, 39, 40, 42 It is therefore important to formulate clear start- 

and stop criteria before marketing authorization of ERT, which are agreed upon by all relevant 

stakeholders. These criteria may be revised when post-marketing results further evolve. 

Although withdrawing patients from therapy after years of treatment may seem unethical, it 

is equally unethical to continue treatment that is known to be ineffective. Withdrawing a drug 

from the market for certain patient groups should not be a decision by the EMA alone. Instead, 

it should be a multi-stakeholder decision. It is important that patients are well informed about 

the stage of development of therapy, so that they know in advance that treatment may be 

Improved	scenario

Integrated	experience

Pre-marketing	 Iterative	development Post-marketing

Trials	in	patients	
that	are	likely	to	
benefit	most

Post-marketing	data	
generation:	
- observational	studies
- phase	IV	studies

One	disease	registry,	led	by	independent	board

All	stakeholders	
agree	on	data	
development	plan

All	stakeholders	agree	
on	post-authorization	
knowledge	generation

Results	reported	to	
EMA;	full	approval	if	
enough	data

Approval	in	other	sub-
groups	(i.e.	women,	
children,	non-classical	
patients)

(Conditional)	
approval	in	patient	
subgroup	(i.e.	
classical	males)

Alignment	with	HTA	
demands;	improved	drug	
access

Trials	in	
patient	

subgroups

Figure 2 Improved scenario 6
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discontinued if proven not effective. Furthermore, in order to prescribe a drug only to a certain 

subset of patients, prescription control is paramount. Although EMA recognizes this is an 

important matter, details on how exactly to achieve this are lacking. Health care professionals 

and payers might play a big role: appointing centers of expertise in which qualified committees 

are held accountable for drug prescriptions by payers seems a promising first step. 

For iterative development, ongoing data gathering and analysis is a crucial element, which 

should evolve from trial data into real-world evidence generation. This is discussed in more detail  

below. 

Collecting real-world evidence 

When a drug is approved for a first patient subgroup, real-world evidence collection should be 

initiated in order to monitor effectiveness, compliance, side-effects and safety. Furthermore, it 

can be used to support the validation of biomarkers.11 Since marketing approval is sometimes 

granted based on pivotal studies that show a positive effect on biomarkers11, it is important 

to validate biomarkers as surrogate endpoints for clinical outcomes in post-marketing studies. 

A recent study, however, suggested that this does not happen in the majority of the cases.43 

Real-world evidence collection is an important factor in monitoring the effectiveness of ERT 

and should therefore not start as late as after marketing authorization. On the contrary, it is 

important to start gathering information on the natural history of the disease as early as the 

moment of disease classification. For the sake of quality and to avoid fragmentation, evidence on 

effectiveness should be gathered in one independent disease-centered registry. For regulatory 

drug registries to be useful, completeness and accuracy of clinical data, verification of data validity 

and strict follow-up is important.32 Quality and completeness of registry data greatly depend on 

the cooperation of health care professionals and patients.32 Also, international collaboration is 

encouraged in order to generate bigger datasets, involving a larger patient population. In order 

to reliably analyze the data, independent statisticians should be consulted to whom registry 

data are freely available.32 Recently, a collaboration between four FD centers of excellence in 

The Netherlands, Canada, Germany and the United Kingdom has led to the development of 

an industry-independent database.44 From this, clinical, genetic and biochemical data were 

retrospectively analyzed to evaluate which patients would benefit most from treatment with 

ERT. An important way forward in patient registries would be to link HTA needs with the registry 

holders, in order to improve data quality and limit procedural barriers.45 Long-term registry data 

on safety and real-world effectiveness could be very valuable for HTA purposes, provided that 

registries publish their study data.45 

Early stakeholder involvement

Key in the adaptive pathways approach is the multi-stakeholder dialogue, which starts in an 

early phase of the drug development program, and ideally involves healthcare professionals, 

patients, regulators, HTA bodies and industry. During the development process of agalsidase 

alfa and agalsidase beta, regulators and industry were in the lead. Yet, input from healthcare 

professionals is essential when it comes to the choice of relevant endpoints, the feasibility of 

implementing registries in clinical practice and prescription control.11 Patient representatives 

may also play an important role in determining the choice of relevant study endpoints and 

ethical matters.

In the case of FD, prospective multi-stakeholder dialogues may have resulted in a different choice 

of study endpoints, a clearer picture of HTA demands to facilitate reimbursement decisions and 

a strict prescription control. If all stakeholders would have agreed beforehand on how to design 

the study and how to generate evidence across the lifespan of the drugs, requirements of all 

stakeholders could have been met. This would have prevented the need to perform additional 

studies later on, for instance for HTA purposes. Due to the lack of involvement of HTA bodies and 

payers, some national health authorities have refused reimbursement of ERT for FD, herewith 

hampering patients’ access to drugs. This emphasizes the importance of engagement of both 

HTA bodies and payers in the drug development process. 

Discussion

In retrospect, the adaptive pathway approach could have benefitted the development of ERT for 

FD in several ways, including i) iterative development, starting with a first authorization in male 

patients with classic Fabry disease, ii) a clear real-world data collection plan, iii) early involvement 

of healthcare professionals, patients and HTA bodies and payers in the development process, 

iv) an independent disease registry with independent data analysis and v) prescription control.  

Nevertheless, with the approach as introduced by EMA, some issues remain unsolved. 

The adaptive pathways pilot has resulted in several proposals on how to efficiently gather real-

world evidence, including collection of data from early access/compassionate use programs 

and linking drug registries to risk-sharing schemes for reimbursement. However, most MAHs 

did not describe clear real-world data plans and a discussion on the quality and reliability of 

post-authorization data collection, and their suitability for regulatory and HTA purposes, was 

lacking.11 The collection of real-world evidence is in principle the responsibility of the MAHs. The 

EMA, on the other hand, is encouraged to enhance its oversight of post-marketing commitments. 

Research has shown that approximately 30% of the post-marketing studies required by the US 

Food and Drug Administration (FDA) were pending, ongoing, delayed or terminated years later.46 
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Although compliance to post-marketing commitments seems to be better in the EU than in the 

US, European studies tend to mainly focus on safety instead of effectiveness.47, 48 Thus, stricter 

enforcement of post-marketing commitments should follow, including considering withdrawal of 

marketing authorization if obligations are not fulfilled. 

Next, in the adaptive pathway pilot12 registries were considered important, but methodologically 

sound strategies of real-world evidence collection were not sufficiently developed. The 

biggest issue is that registry development is put in the hands of the MAH. We propose that 

a multi-stakeholder approach, including independent analysis of outcome data, is key for the 

development of a reliable and successful registry. The example of the industry-independent 

international FD database as described above shows that a collaborative approach, in which 

international stakeholders join forces, can provide the information necessary to evaluate drug 

effectiveness.44 Although initiating and maintaining a registry is costly and time-consuming, 

expenses will be held down by only having one disease registry instead of multiple drug 

registries. In addition, restricted drug prescription, treating only those patients that benefit, will 

greatly reduce expenses. Given that all stakeholders profit from a well-maintained registry with 

complete data, a logical consequence would be to fund registries by means of a public-private 

partnership. In such partnerships, European Reference Networks could play a role, provided that 

all stakeholders comply with regulations to maintain scientific integrity and independence.49 As 

stated above, HTA bodies’ requirements need to be clarified in order to generate useful data for 

HTA purposes. 

Conclusion 

In this article, we have provided a clinical example of the implementation of an adaptive pathway 

approach. In addition to proposed iterative development and multi-stakeholder involvement, 

we emphasize the need for a robust registry including independent analysis of data. This process 

could support a gradual, evidence based authorization, which may facilitate reimbursement 

decisions. We suggest that centers of expertise are appointed in which only qualified committees 

are entitled to prescribe certain drugs. 
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