
INTRODUCTION

The pharmaceutical industry has shown an 
increasing interest in developing drugs for rare, 
orphan diseases. Amongst the orphan diseases
is a subgroup of extremely rare disorders, termed
ultra-orphan. The lysosomal storage disorders 
(LSDs), each of which occurs in less than 10,000 
people worldwide, are examples of ultra-orphan 
diseases. Despite the very low prevalence of these 
conditions, therapies for ultra-orphan drugs have 
yielded high returns for the developing companies, 
as exemplified by Genzyme’s blockbuster Cerezyme 
(imiglucerase) for the ultra-rare Gaucher disease. 
This short review will assess the LSD market as an 
example for the market opportunity of targeting 
such ultra-orphan treatments.

INCREASING INTEREST IN 
ORPHAN DRUGS

Until the introduction of the US Orphan Drugs Act 
in 1983, followed by similar legislation in other 
markets such as Japan in 1997 and the EU in 1999, 
the pharma industry had limited interest in the 
development of therapies for rare diseases with a 
highly unmet medical need as they did not seem 
worthwhile investments. With this legislation 
providing new incentives, including tax credits for 
the costs of clinical research, extended marketing 
exclusivity compared with non-orphan drugs, R&D 
grants and high rates of regulatory success, the 
industry has come to realize the revenue potential 
of orphan drugs; a previous analysis by Thomson 
Reuters determined that orphan drug development 
is now an economically viable strategy for pharma 
companies.

Ultra-orphan is the term given to 
drugs that are used to treat extremely 
rare diseases that are chronically 
debilitating or life-threatening.
– Dr Edmund Jessop, Medical Advisor National
    Commissioning Group

The Orphan Drugs Act defines an orphan disease 
as affecting fewer than 200,000 people in the US. 
Ultra-orphan diseases have emerged as an informal 
category for extremely rare conditions that are 
generally defined as affecting fewer than 10,000 
people worldwide. The profitability on focusing 
on such ultra-orphan diseases is highlighted by 
Genzyme’s enzyme replacement therapy (ERT) 
Cerezyme, and its nonengineered predecessor 
Ceredase (alglucerase), for Gaucher disease type 
1, which together brought Genzyme revenue of 
more than $4 billion within a decade of Cerezyme’s 
launch in 1994 (Ceredase was launched in 1991 but 
largely replaced by Cerezyme in 1998). Cerezyme 
reached blockbuster status with sales exceeding 
$1 billion in 2006; sales subsequently peaked at 
$1.239 billion in 2008 and are still forecast to top 
$1.2 billion in 2018 according to Thomson Reuters 
Cortellis Competitive Intelligence (Figure 1). Gaucher 
disease belongs to the group of the ultra-rare LSDs 
and the launch of Cerezyme was followed by several 
other successful market entries for LSDs.
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Figure 1: Sales of Cerezyme (data are derived from Cortellis Competitive Intelligence).
Note, the decrease in sales between 2008 and 2011 is a result of production/contamination problems 
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Figure 2: 2013 actual and 2019 forecast sales of the 10 launched ERTs as of July 01, 2014
(data are derived from Cortellis Competitive Intelligence)

respectively, and BioMarin’s Vimizim (elosulfase 
alfa; $655.6 million) for MPS IVA (Morquio 
A syndrome). Vimizim is the most recently 
launched, in February 2014, but the other ERTs 
have been on the market for more than five 
years (Myozyme and Elaprase) or even a decade 
(Cerezyme, Fabrazyme and Replagal), with 
sales steadily increasing. With the exception of 
Fabrazyme and Replagal, which are both for the 
same indication, all these therapies were the first, 
and in most instances, only treatments to enter 
the market for their disease. Several Gaucher 
disease ERTs followed Cerezyme’s market entry 
but are not proving as successful as the first-
to-market therapy, with forecast peak sales of 
$424.6 million for Shire’s Vpriv (velaglucerase 
alfa) in 2018 and $275 million for Pfizer’s Elelyso 
(taliglucerase alfa) in 2019.

Since the launch of Ceredase and Cerezyme, 
another 13 orphan drugs for LSDs have entered 
the market, targeting ten different LSDs (Table 1). 
The majority of the therapies are ERTs, whereby 
the deficient enzyme is replaced by intravenous 
administration of a functional exogenous enzyme 
leading to improvement of symptoms, overall 
wellbeing and life expectancy. The combined 
sales revenue of the ten currently available 
ERTs was $4.055 billion in 2013, and is forecast 
to reach $6.387 billion in 2019 (Figure 2). 
Revenues in excess of $500 million in 2019 are 
forecast for more than half of these products, 
which apart from Cerezyme include Genzyme’s 
Myozyme (alglucosidase alfa; $1.026 billion) and 
Fabrazyme (agalsidase beta; $812.5 million) for 
Pompe and Fabry disease, respectively, Shire’s 
Elaprase (idursulfase; $726.6 million) and 
Replagal (agalsidase alfa; $629.2 million) for 
MPS II (Hunter syndrome) and Fabry disease, 

THE LYSOSOMAL STORAGE DISEASE MARKET

LYSOSOMAL STORAGE DISEASES

LSDs are a group of more than 50 rare inherited 
metabolic disorders that result from the cellular 
accumulation of storage products due to a 
deficiency of specific enzymes responsible for the 
degradation of substances present in lysosomes. 
LSDs are generally classified by the accumulated 
substrate and include the sphingolipidoses, 
mucopolysaccharidoses (MPSs), lipidoses, glycogen 
storage disorders, lysosomal transport diseases, 
oligosaccharidoses, and others. The incidence of 
individual LSDs ranges from 1 in 40,000 live births 
for Pompe disease to 1 in 4.2 million live births for 
sialidosis, with the majority affecting fewer than 
1 in 100,000 live births, although some are more 
frequent in specific populations. Taken together, 
LSDs affect about 1 in 7700 live births. Most LSDs 
have an autosomal recessive inheritance pattern, 
apart from the X-linked diseases MPS II (Hunter 
syndrome), Fabry disease, and Danon disease. 

LSDs are a varied group of diseases with the 
disease phenotype, age of onset and severity 
differing between the LSDs and individual 
subgroups within some LSDs. Lysosomes 
are contained in all cells of the organism, 
except for red blood cells, and specific 
enzyme deficiencies result in multisystemic 
diseases, presenting with neurological, renal, 
cardiovascular, gastrointestinal, musculoskeletal, 
ophthalmological and respiratory problems.
The age of onset of classical LSDs is infancy
and childhood, although adult-onset variants 
also occur, with the clinical manifestations 
ranging from severe debilitating lethal diseases 
in early infancy, to attenuated presentations in 
late adulthood. The prognosis for most LSDs is
very serious.
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Indication Drug name
Sponsor
company

Type of therapy 
and route of 

administration
Orphan drug status Approval date

Gaucher disease (GD)
Ceredase (alglucerase; 

a non-recombinant 
form of Cerezyme)

Genzyme (Sanofi) ERT; injection
US: March 1985 for GD type 1

US: July 1995 for GD
type 2 and 3

US: April 1991 for GD type 1;
largely replaced by Cerezyme

Cerezyme
(Imiglucerase) Genzyme (Sanofi) ERT; injection US: November 1991 for GD

type 1, 2 and 3

US: May
1994 for GD type 1

EU: November
1997 for GD type 1

EU: August
2003 for GD type 3

Zavesca/Vevesca
(miglustat) Actelion

SRT; oral;
where ERT

not an option

US: October 2000 for GD
EU: October 2000 for GD type 1

US: July  2003 for GD type 1
EU: November

2002 for GD type 1

Vpriv
(velaglucerase alfa) Shire ERT; injection

US: June 2009 for GD
EU: June 2010 for GD

US: February
2010 for GD type 1

EU: August 2010 for GD type 1

Elelyso
(taliglucerase alfa)

Pfizer (under 
license from

Protalix)
ERT; injection US: September 2009 for GD

EU: March 2010 for GD

US: May 2012 for GD type 1
EU: approval refused due

to availability of Vpriv
Hurler, Hurler-Scheie

and Scheie
syndrome (MPS I)

Aldurazyme
(laronidase)

Genzyme
(Sanofi)/ BioMarin ERT; injection

US: September 1997
EU: February 2001

US: April 2003
EU: June 2003

Hunter syndrome 
(MPS II)

Elaprase
(idursulfase) Shire ERT; injection US: January 2002

EU: January 2002
US: July 2006

EU: January 2007
Morquio A

syndrome (MPS IVA)
Vimizim

(elosulfase alfa)
BioMarin ERT; injection US: May 2009

EU: July 2009
US: February 2014

EU: April 2014
Maroteaux-Lamy

syndrome (MPS VI)
Naglazyme
(galsulfase) BioMarin ERT; injection US: October 2000

EU: January 2001
US: May 2005

EU: January 2006
Niemann-Pick

type C
Zavesca/Vevesca

(miglustat) Actelion SRT; oral
US: November 2008
EU: February 2006

US: phase III
EU: January 2009

Fabry
Fabrazyme

(agalsidase beta) Genzyme (Sanofi) ERT; injection
US: May 2000

EU: August 2000
US: April 2003

EU: August 2001
Replagal

(agalsidase alfa) Shire ERT; injection
US: August 1998
EU: August 2001

US: filing withdrawn
EU: August 2001

Pompe
Myozyme

(alglucosidase alfa) Genzyme (Sanofi) ERT; injection
US: September 1997
EU: February 2001

US: April 2006
EU: March 2006

Nephropathic
cystinosis

Cystagon
(cysteamine)

Mylan
Laboratories

Cysteamine 
supplement; oral US: January 1991

US: August 1994
EU: June 1997

Procysbi (enteric
coated cysteamine)

Raptor
Pharmaceuticals

Cysteamine 
supplement; oral

US: October 2006
EU: September 2010

US: April 2013
EU: September 2013

Ocular cystinosis Cystaran (cysteamine 
hydrochloride)

Sigma-Tau
Pharmaceuticals

Cysteamine 
supplement; 
ophthalmic

US: August 1997 US: October 2012

Table 1: Approved and marketed LSD therapies with orphan drug status

A limitation of ERTs is the inability of the 
exogenous enzyme to reach all major target 
organs, in particular the central nervous 
system (CNS) because of the selective 
permeability of the blood-brain barrier (BBB). 
It is therefore no surprise that the first ERT 
product was for Gaucher disease type 1, which 
lacks the involvement of the CNS. None of the 
commercially available ERTs cross the BBB 
or provide therapeutic benefit for LSDs with 
neurological disease. An alternative treatment 
approach is substrate reduction therapy (SRT), 
which limits the accumulation of unwanted 
storage material in the lysosomes. An example of 
the validity of this approach is Actelion’s Zavesca 
(miglustat), which has been approved for Gaucher 

disease type 1 where ERT is not an option, and for 
Niemann-Pick type C (in the EU only), a disease 
with prominent neurodegeneration. Zavesca, 
however, has not been successful in other LSDs 
with CNS involvement, such as Tay-Sachs, and 
has also been associated with severe side effects. 
Zavesca reached sales of $103.6 million in 2013, 
with revenue forecast to peak in 2014 at $115 
million. However, a further advantage of the SRTs 
is their oral administration route, which is more 
convenient for most patients compared with the 
injectable ERTs. Another SRT is Genzyme’s oral 
Cerdelga (eliglustat tartrate) for Gaucher disease 
type 1, which has recently been filed in both the 
US and EU and is anticipated to achieve sales 
of $742 million in 2019, which indicates that 
therapies which are not first-to-market can also 
be lucrative if there are distinguishing clinical or 
safety features.

Despite the increased focus on the LSD therapy 
market, the majority of LSDs are still in need of an 
effective treatment option. Given the limitations 
of existing therapies, several conventional and 
novel approaches are currently being explored for 
as-yet untreated LSDs as well as for those already 
served by existing therapies (Table 2).

The success of the first enzyme 
replacement therapy for a lysosomal 
storage disease and the regulatory 
and commercial incentives provided by 
authorities for orphan and rare diseases 
has spawned a massive interest for 
developing drugs for these intriguing 
but devastating genetic disorders.
– Thomas Kirkegaard, Orphazyme Aps
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Table 2: Selected therapies with orphan drug status in the US and/or EU which use novel
approaches and target as yet untreated LSDs

Indication Drug name
Sponsor
company

Type of therapy and
route of administration

Orphan drug 
status 

Developmental 
phase

Sphingolipidoses

Fabry disease migalastat Amicus Chaperone; oral US: February 2004
EU: May 2006

Phase III

Gaucher disease (GD)
Cerdelga

(eliglustat tartrate) Genzyme (Sanofi) SRT; oral
US: September 2008 

for GD

US: filed for
GD type 1

EU: filed for
GD type 1

Niemann-Pick type B GZ-402665 (acid
sphingomyelinase) Genzyme ERT; injection US: August 2000

for Niemann-Pick Phase I

Krabbe disease Galaczym Zymenex ERT; injection
US: December 2011
EU: September 2011 Preclinical

Tay-Sachs

AAV2/rh8-beta-
hexosaminidase

alpha/beta
gene therapy

NTSAD gene therapy; injection US: March 2013 Preclinical

Metachromatic
leukodystrophy SHP-611 Shire ERT; injection; intrathecal US: February 2008

EU: November 2010 Phase I/II

Sandhoff disease

AAV2/rh8-beta-
hexosaminidase 
alpha/beta gene 

therapy

NTSAD gene therapy; injection US: June 2013 Preclinical

Mucopolysaccharidoses

Hurler (MPS I) AGT-181t ArmaGen
Technologies ERT; injection; CNS formulation US: January 2008 Preclinical

Hunter syndrome 
(MPS II) idursulfase IT Shire ERT; intrathecal

US: September
2009 for the

neurocognitive 
symptoms associated

with Hunter
syndrome

Phase III

AGT-182
ArmaGen

Technologies ERT; injection; CNS formulation
US: May 2013

EU: November 2013 Preclinical

Sanfilippo syndrome A
(MPS IIIA)

SHP-610 Shire ERT; injection; intrathecal US: May 2008
EU: November 2008

Phase II

SAF-301 LYSOGENE gene therapy; injection;
intracerebral

US: May 2013
EU: 2010

Phase I/II

ABX-A
Abeona

Therapeutics gene therapy; injection US: April 2014 Preclinical

Sanfilippo syndrome B
(MPS IIIB) AMT-110

uniQure, INSERM
and Institut

Pasteur
gene therapy; injection EU: October 2011 Phase II

ABX-B Abeona
Therapeutics gene therapy; injection US: April 2014 Preclinical

SBC-103 Synageva ERT; injection US: April 2013
EU: June 2013 Preclinical

Sly syndrome
(MPS VII)

UX-003 Ultragenyx ERT; injection US: February 2012
EU: March 2012

Phase I/II

Lipidoses

Niemann-Pick type C Kleptose NICHD/TRND Cholesterol sequestering;
injection; intracerebroventricular

US: February 2013 
EU: April 2013 Phase I

Trappsol Cyclo CTD Holdings SRT; injection US: June 2010
EU: August 2011 Preclinical

Orph-001 Orphazyme Chaperone EU: March 2013 Preclinical
Neuronal ceroid
lipofuscinoses 

– Type 2: Jansky-
Bielschowsky disease

BMN-190 BioMarin ERT; injection;
intracerebroventricular

US: April 2013
EU: March 2013 Phase II

Wolman disease sebelipase alfa Synageva ERT; injection US: July 2010
EU: November 2010 Phase III

Glycogen storage disease type II

Pompe BMN-701 BioMarin
ERT; injection; fusion protein
of recombinant human IGF2

fused to acid-alpha-glucosidase

US: August 2010
EU: October 2011 Phase III

GZ-402666 Genzyme (Sanofi) next-generation ERT; injection US: November 2013
EU: March 2014 Phase II/III

AT-2220
(duvoglustat + ERT) Amicus

next-generation ERT
+ chaperone duvoglustat;
injection (iv or sc) and oral

US: June 2007
(duvoglustat)

Preclinical to 
Phase II

Oligosaccharidoses

Alpha-mannosidosis Lamazym Zymenex ERT; injection US: April 2006
EU: January 2005 Phase III

NTSAD – Tay-Sachs & Allied Diseases Association; NICHD – National Institutes of Child Health and Human Development;
TRND – Therapeutics for Rare and Neglected Diseases
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A number of second-generation ERTs are aimed 
at crossing the BBB or increasing enzyme 
uptake into relevant peripheral tissue sites. Of 
note are also chaperone and gene therapies. 
Chaperone therapy is based on small molecules 
able to bind and stabilize the defective enzymes, 
which in most LSDs retain significantly reduced 
enzymatic activity rather than having completely 
lost function. Gene therapy aims to correct 
the gene that generates the defective enzyme. 

Exploring these pipeline products are some of 
the big players in the orphan disease market, 
including Genzyme, Shire and BioMarin, but also 
several companies that were founded in the last 
decade and have a specific focus on ultra-rare 
diseases, LSDs and/or therapies targeted to the 
CNS, such as Oxyrane, Orphazyme, ArmaGen, 
JCR Pharmaceuticals, and Abeona Therapeutics 
(Table 3). 

Sponsor 
company

Focus on
rare diseases

Technologies
to cross BBB

Approved
LSD products

Pipeline of 
LSD products

Comments

Genzyme Y 4 4 several other rare-disease drugs approved or being developed

Shire Y 3 3 several other rare-disease and non-rare disease
drugs approved or being developed

BioMarin Y 3 (one with 
Genzyme)

3 several other rare-disease drugs
approved or being developed

Actelion Y 1 1 several other rare-disease and non-rare disease
drugs approved or being developed

Protalix Y 1 (with Pfizer) 2 couple of rare-disease drugs being developed
Amicus Y 4 focus on chaperones and next-generation ERTs
Oxyrane Y 5 next-generation ERTs; all at preclinical stage
Zymenex Y 3 focus on diseases for which no treatment yet available

Synageva Y 2 several other drugs at preclinical stage for orphan
genetic diseases approved or developed

Ultragenyx Y 1 several other rare-disease drugs being developed
uniQure Y 1 several other rare-disease drugs being developed

FateTherapeutics Y 1 focus on hematopoietic stem cell transplantation;
also applicable to other rare diseases

JCR
Pharmaceuticals Y Y 3 using recombinant DNA technologies;

co-developing with GSK

Orphazyme Y Y 2 focus on chaperones with potential to address
 neurodegenerative aspects

LYSOGENE Y Y 1 focus on gene therapy

Angiochem Y Y 1 using engineered peptide compound technology
to cross BBB; collaborating with GSK

ArmaGen
Technologies Y 4 provides platform technology solutions to BBB problem

Several other companies with orphan drug business models but not working on LSDs include Alexion, Aegerion Pharmaceuticals, GSK, NPS
Pharmaceuticals, Onyx, Pfizer, Prosensa, PTC Therapeutics, Sarepta, SOBI and Vertex.

Table 3: Companies with specific focus on rare diseases, in particular LSDs,
and technologies to cross the blood-brain barrier (BBB)

disease has been proposed, with the treatment 
being more expensive the rarer the disease. 
The commercially available ERTs for LSDs are 
among the most expensive drugs on record. 
However, the most expensive of them, Vimizim, 
at $380,000 per year, is still topped by Alexion’s 
Soliris (eculizumab), another ultra-orphan drug 
for the ultra-rare diseases paroxysmal nocturnal 
hemoglobinuria and atypical hemolytic uremic 
syndrome, which is priced at $440,000 per 
patient per year in the US. This is in stark contrast 
to the example of the larger market of hepatitis 
C (170 million patients) for which Gilead’s Sovaldi 
(sofosbuvir) has received bad press due to its 
$84,000 per treatment price (Table 4).

All therapies listed in Tables 1 and 2 have been 
designated as orphan drugs in the US and/or 
EU. In addition to the incentives driving R&D for 
orphan drugs, several commercial drivers make 
development of orphan drugs attractive, such 
as faster uptake and lower marketing costs as 
well as premium pricing. In terms of pricing, 
ultra-orphan drug developers in particular can 
set ultra-high prices in order to recoup R&D 
expenditure from the small target populations; 
high pricing is also supported because biologics 
(for the ERTs) are more expensive to produce 
and payers are reluctant not to cover such 
ultra-rare treatments because of the significant 
unmet medical need. An inverse correlation 
between drug price and the prevalence of 

ADVANTAGES OF ULTRA-ORPHAN THERAPIES



Drug name Indication Estimated no of 
patients affected Price per year Peak actual or forecast sales up to 2019*

Naglazyme Maroteaux–Lamy (MPS VI) 1100 $375,000 $406.7 million in 2019
Elaprase Hunter (MPS II) 2000 375000 $722.7 million in 2018
Vimizim Morquio A (MPS IVA) 3000 $380,000 $722.7 million in 2018

Aldurazyme Hurler (MPS I) 3000 to 4000 $200,000 $287 million in 2019
Fabrazyme Fabry 5000 to 10,000 $200,000 $907.1 million in 2019

Replagal Fabry 5000 to 10,000 $150,000 to 
$200,000

$622.7 million in 2018

Myozyme Pompe <10,000 $300,000 $1025 million in 2019

Cerezyme Gaucher <10,000 $200,000 $1239 million in 2008
$1204 million in 2018

Vpriv Gaucher <10,000 $170,000 $423.4 million in 2018
Elelyso <10,000 $150,000 $275 million in 2019
Soliris PNH and aHUS <10,000 $440,000 $4515 million in 2019

Sovaldi HCV infection 170 million $84,000 $9447 million in 2018

Table 4: Correlation between prevalence of disease and price

*Sales of therapies with 2019 peak sales could potentially rise further PNH – paroxysmal nocturnal hemoglobinuria;
 aHUS – atypical hemolytic uremic syndrome; HCV – Hepatitis C virus

There is an inverse correlation between 
the price per capita of an ultra-orphan 
medicinal product and the prevalence 
of the disease; the rarer the disease, 
the more expensive the treatment.
– Eline Picavet, Department of Pharmaceutical
   and Pharmacological Sciences, Leuven

The average annual cost of therapy for 
a typical patient on Vimizim is expected 
to be approximately $380,000 per 
patient per year, consistent with the 
other enzyme replacement therapies
to treat ultra-rare disorders.
– Jeff Ajer, Biomarin Pharmaceutical Inc, Chief
   Commerical Officer, following FDA approval of the
   latest LSD therapy

High pricing in ultra-orphan settings can also 
be justified through patient convenience. Taking 
as an example Mylan’s Cystagon and Raptor’s 
Procysbi, two available LSD treatments for 
the ultra-rare nephropathic cystinosis that are 
both cysteamine products. Cystagon has been 
marketed for approximately two decades and 
costs $8000 annually, but needs to be taken 
every six hours, including at night. Raptor 
launched Procysbi, an extended-release 
formulation requiring dosing every 12 hours,
in 2013 for the same indication and is charging 
$250,000 per year, which the company has 
justified by its development costs and the high 
drug value. Interestingly, in Germany (where it is 
priced at EUR 144,000), where the new AMNOG 
(New Drug Market Order Law) is known to make it 
harder for the industry to set free pricing, Procysbi 
has been reimbursed, showing that the ‘simple’ 
dosing improvement is viewed as a significant 
benefit and has therefore had a significant impact 
on the economics of a product. Analysts are 
forecasting 2015 Procysbi sales of $144.4 million, 
which is already in excess of the company’s 
reported development costs and corporate 
expenses during the development period.

CONCLUSION

Therapies for LSDs provide a good example
that investing in development of treatments
for ultra-orphan diseases can be worthwhile
for the pharma industry, and several companies 
are now focusing on the rare disease market. 
The LSD market shows that it helps to be the 
first to enter the market for a particular LSD. 
However, limitations of existing therapies, such 
as the inability of ERTs to treat neurological 
symptoms, leaves room for novel approaches 
of which there are several being pursued. Most 
of these therapies are still at an early stage of 
development. Nevertheless, the interest of the 
pharma industry in developing such therapies 
demonstrates that despite the rarity of the 
disease, pharma is willing to invest as it knows
it can recoup the investment and ultimately 
achieve profitability.
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