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A new research report 
by Dr. Guenter Scheuerbrandt 
 
Prosensa’s continued development of exon-51 skipping with drisapersen after the 
failure of its phase-III clinical trial. 
 
In January 2013 you received my last research 

report in which I explained on 23 pages the ther-

apeutic technique exon skipping. With this text 

of my renewed reporting effort I am explaining 

what Prosensa Therapeutics in Leiden in the 

Netherlands – now part of BioMarin  Pharma-

ceutical Inc. in San Rafael, USA – has done dur-

ing the last more than two years to further devel-

op – in spite of serious difficulties – the potential 

exon skipping drug drisapersen as an effective 

therapy for Duchenne muscular dystrophy.   

     In order to allow you to better understand this 

present text more easily, please look again at my 

last exon-skipping report of 2013 (enclosed).  

 

Drisapersen for skipping of exon 51. 

 
As most of you know, exon skipping is the most 

advanced of all Duchenne research approaches. 

However, it has still not yet been proven in a sci-

entifically significant way that potential drugs 

using this technique indeed can slow down the 

muscle degeneration of Duchenne patients so 

that the regulation agencies FDA (the US Food 

and Drug Administration) and EMA (European 

Medicines Agency) would approve their market-

ing to treat Duchenne patients.  

     Drisapersen is the drug name for the antisense 

oligo with the 2-O-methyl structure that is de-

signed to ignore – to skip over – the sequence of 

exon 51 in the messenger RNA of the protein 

dystrophin. Skipping of exon 51, one among the 

79 exons of dystrophin, was selected because 

this would benefit about 13% of all Duchenne 

boys, the largest group needing skipping of one 

single exon.  

     Between 2006 and 2009, Prosensa performed 

trials with small numbers of patients without 

placebo-controls which proved that drisapersen 

was safe and could skip exon 51 when it was in-

jected locally into one muscle or systemically in-

to the blood circulation of patients.  

The clinical phase-III trial with drisapersen 

without a significant result.  
 

 After the positive results of these early trials, the 

large international pharmaceutical company 

GlaxoSmithKline (GSK) obtained from Prosensa 

an exclusive worldwide license to develop and 

commercialize drisapersen (and four other poten-

tial skipping drugs). The deciding phase-III clin-

ical trial, as requested by FDA and EMA – a 

double-blind “pivotal” trial with a large number 

of patients – was then performed by GSK be-

tween 2010 and 2013 with 186 still ambulant 5 

to 12 year old patients in 45 clinical centers of 21 

countries. However, as communicated by GSK 

and Prosensa on 20 September 2013, the pro-

gression of Duchenne dystrophy of the 125 pa-

tients, who received 6 mg/kg drisapersen for 48 

weeks by weekly subcutaneous injections (under 

the skin), could not be slowed down significantly 

as determined by their 6 minutes walk distance 

(6MWD), the meters the boys could walk in 6 

minutes. 

    For a better understanding of these results I 

am reproducing below shown by Prosensa at an 

internet discussion on 8 October 2013. The col-

ored lines show the average 6MWDs which were 

set at zero at the start of the trial. The blue line 

shows the 6MWDs of the 61 boys who received 

a placebo. The green line shows the 6MWDs of 

the 125 boys treated with 6 mg/kg drisapersen 

each week. The untreated boys had lost 52.7 me-

ters of their 6MWD in 48 weeks. The treated 

boys had lost 42.3 meters of their 6MWD in 48 

weeks. Thus the effect of the treatment with 

drisapersen was only 10.4 meters in 48 weeks, 

whereas it should have been at least 30 meters to 

be significant. (“significant” means that the risk 

is less than 5% that the results have been ob-

tained by chance.) As the two lines are in fact 

overlapping, they are here slightly offset for bet-

ter to be seen. 
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Drisapersen GSK phase-III randomized placebo-controlled 

 confirmatory clinical trial, international, 48 weeks. 2010-2013. 

Primary endpoint: 6-minute walk distance. 

 
 

Why did drisapersen not work sufficiently 

well? Prosensa continues alone. 

 
In several internet discussions, “webinars”, at the 

end of 2013, Prosensa and GSK informed the 

Duchenne community that they are committed to 

find the reasons why drisapersen was unable to 

slow down significantly the disease progression 

in this phase-III trial. They said: “We are now 

planning to conduct additional analyses to help 

further our understanding and guide our next 

steps for the clinical program. The additional 

analyses will include pooling the data across the 

drisapersen program to see if there is any benefit 

from treatment with drisapersen in specific sub-

groups of boys.”  

     Before preliminary results on investigating 

the reasons for the failure of this most important 

“pivotal” phase-III trial were publically known, 

GSK and Prosensa decided to terminate their 

Duchenne partnership on 13 January 2014 – 

which was started in 2009 – with the statement, 

“that now it might be a better time for a company 

focused on rare diseases and DMD to take the 

program forward. Thus Prosensa has regained all 

rights from GSK to drisapersen and will retain 

rights to all other programs for the treatment of 

Duchenne. Dr. Hans Schikan, president of Pro-

sensa added: “Prosensa is now in a favorable 

strategic position to advance the DMD portfolio, 

which includes drisapersen and 5 additional 

compounds, three of which are currently in clini-

cal development. We will continue to work 

closely with patient groups, investigators, aca-

demia and regulators to ensure that we do every-

thing we can to bring treatments to boys with 

DMD”.  

 

Preliminary results of looking for the reasons 

of drisapersen’s failure.  
 

On 16 January 2014, Prosensa announced the 

preliminary results of the drisapersen investiga-

tions after the end of the phase-III clinical trial. 

The test results of the 186 participants were di-

vided into two groups, one containing the 79 pa-

tients who were 5 to 7 years old and the other 

containing the other 107 patients older than 7 

years and still ambulant. The therapeutic effect 

for the younger patients was 21 meters, which 

was better than the effect of 10.4 meters for all 

186 patients of the entire trial. For the older ones 

the effect was 7 meters. Thus, the therapeutic ef-

fect was larger for the younger boys than for the 

older ones, but was still not significant either.  

     These results from the phase-III trial, as well 

a of the other placebo-controlled studies, and the 

long-term open-label studies suggest that treating 

earlier in Duchenne – patients 7 years old and 

younger – and treating all patients longer than 

one year should show a significant delay in the 

progression of the disease as measured with the 

6-minute walk test.  

     To determine if an extended treatment for 

several years would be more effective, the 12 pa-

tients who participated in 2008/09 in the phase-II 

trial with systemic injection of the drisapersen 

were treated without placebo control in an exten-

sion trial. After 177 weeks (3.4 years) with an 

interruption of 8 weeks after the end of the 
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phase-III trial, the average walking distance lost 

in the 6MWT was only 25 meters, compared 

with the loss of 40-60 meters per year as ob-

tained in earlier natural history studies. (Two 

boys stopped walking after 60 weeks of treat-

ment, when they were 11 and 12 years old.) This 

is a very encouraging result suggesting that 

drisapersen can slow down the disease when 

used for an extended time. Four of the 10 boys 

still walking after 177 weeks were between 13 

and 15 years old. The following picture shows 

the actual individual 6MWDs of the 12 boys in 

this long-term open-label study which is still 

continuing.  

 

 
 

An accelerated road to marketing approval. 

 
Many years ago, drisapersen had obtained or-

phan drug status in the EU, US, Australia and 

Japan. And in June 2013, even before the disap-

pointing results of the phase-III trial were pub-

lished, this promising drug was granted Break-

through Therapy designation by the FDA, which 

thus understands that marketing approval of dri-

sapersen should be given as soon as possible, for 

instance under an accelerated approval pathway. 

Thus, after a meeting with Prosensa on 14 May 

2014, the FDA sent a Guidance Letter on 2 June 

with two conditions for starting this faster than 

usual procedure for approval. 

     One of the conditions is that Prosensa should 

perform a sufficiently large study of the natural 

history of Duchenne dystrophy. This would al-

low to determine the therapeutic value of drisa-

persen and other potential exon-skipping drugs 

even in the absence of a large placebo-controlled 

study, if a clear advantage can be seen in spite of 

historical uncertainties and other factors that can 

affect the results.   

     The other condition is that a placebo-controll-

ed trial of another exon-skipping drug with a 

similar chemical structure and mechanism of ac-

tion as drisapersen should be performed with po-

sitive results not only based on the 6-minute 

walk distance but also on a clear indication that 

the appearance of new dystrophin causes a defi-

nite functional improvement and thus clinical 

benefit.    

 

To meet FDA`s two conditions for approval.  
 

To meet the first condition, a large-scale natural-

history study with Prosensa as participant is un-

derway which already has completed to enroll 

the planned 269 Duchenne patients. The results 

are expected to be available at the end of 2016. 

Details of this trial can be seen on the Internet at 

the address https:// www.clinicaltrials.gov/ct2/ 

results? term=Duchenne by going to the trial 

number NCT00468832. 

     To fulfill the second condition, Prosensa is 

already performing phase I/II clinical trials for 

skipping exons 44, 45, and 53 (“trials.gov” num-

bers NCT02329769 for exon 44; NCT 01826474 

for exon 45, NCT 01957059 for exon 53). Skip-

ping of exons 52 and 55 is in advanced pre-clini-

cal development.  

     PROSPECT is a new project to skip several 

exons simultaneously not with a cocktail of dif-

ferent oligos, as was tried before, but with a sin-

gle specially designed oligo that attaches itself to 

identical sequences within many different exons. 

This multi-exon skipping technique, now in early 
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pre-clinical development, was presented at the 

World Muscle Society Congress, 7-11 October 

2014 in Berlin.  

     For instance, experiments on cultures of myo-

tubes (precursors of muscle cells) from 2 patients 

with deletions of exons 12 – 16 and 22 – 29 pro-

duced several skipped messenger RNAs, up to 

30% of which were “in-frame”, meaning that the 

resulting different shortened dystrophins would 

probably produce a Becker-type dystrophy.  

     Studies with mdx-mice are now underway to 

obtain proof-of-concept in living muscle tissue. 

This new technique could bring therapies for pa-

tients with rare mutations in the exon 10 – 40 re-

gion of dystrophin and help between 5% and 

13% of all Duchenne patients.  

  

A new test for dystrophin.  
 

Concerning dystrophin for measuring a therapeu-

tic effect in clinical trials as requested by FDA’s 

second condition: Prosensa published on 22 Sep-

tember 2014 the results of research performed by 

9 employees of the company under the title “A 

Sensitive, Reproducible, and Objective Immuno-

fluorescence Analysis Method of Dystrophin in 

Individual Fibers in Samples from Patients with 

Duchenne Muscular Dystrophy”, Beekman C, et 

al, PLoS ONE 2014, 9, e107494. This publica-

tion can be downloaded from the internet with-

out charge at http://journals.plos.org/plosone/  

article?id=10.1371/journal.pone.0107494.  

     One important finding in this new semi-auto-

mated procedure with high precision is that the 

amount of dystrophin is different in different 

muscles and depends also on the location of the 

muscle fiber in the muscle. The authors say at 

the end of their publication: “The choice and 

consistent use of muscle samples should be taken 

into account in clinical studies when analyzing 

biopsies for dystrophin expression and interpret-

ing the result”. Thus, muscle biopsies before and 

after a treatment should be taken from neighbor-

ing sites of the same muscle. 

     The 6MWT is easy to perform, does not need 

any invasive procedure and measures the muscle 

function independently of whether new and func-

tional dystrophin is present or not. The disadvan-

tage of this test is that it can only be performed 

by patients who can still walk and who are able 

to understand it. Therefore it can only be an im-

portant “outcome measure” in trials with patients 

between the ages of 5 and about 12 years.  

     The advantage of a dystrophin test is that it 

shows whether exon skipping or any other poten-

tial therapy really repairs the genetic damage the 

mutation has done, so that a functional dystro-

phin re-appears in the muscle cells during a trial. 

However, for a dystrophin test, a small amount 

of muscle tissue is necessary, which generally 

has to be obtained in a small operation, a biopsy,  

under general anesthesia, which is not without 

risks. Because of the emotional strain for the fa-

mily, generally only two dystrophin analyses are 

being done, at the beginning and the end of a tri-

al. Thus, in spite of its disadvantages, only the 

6MWT is being performed in most clinical trials. 

 

Rolling NDA with the FDA.  

 
At the end of 2014, Prosensa has started a “roll-

ing” New Drug Application (NDA) for drisaper-

sen with the FDA in the United States. A rolling 

submission means that completed portions of the 

application can be submitted as soon as they are 

ready before the results of an entire clinical trial 

are available. The FDA can then review the state 

of the application from time to time and give ad-

vice so that marketing approval can be given at 

the earliest possible time.   

 

Re-dosing drisapersen.  

 
After Prosensa announced, in January 2014, the 

preliminary results of the drisapersen investiga-

tions into the cause of the disappointing results 

of the phase-III clinical trial, the company started 

to prepare a re-dosing program for patients who 

participated earlier in already completed drisa-

persen trials and in those on hold. Re-dosing 

means that many of these patients could again 

receive drisapersen in a newly designed clinical 

trial. 

     The burden of participating in this open-label 

re-dosing program – without placebo control! – 

would be significantly lower for the patients and 

their families compared to the original studies. 

The boys will initially be dosed for the first 4 

weeks in the clinical center they were treated be-

fore, and then home dosing, for instance by their 

family doctor, is intended. Since the primary aim 

of the re-dosing program is to provide access to 
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drisapersen at the earliest time, no biopsies will 

be taken for this new trial.  

     On 17 September 2014, Prosensa announced 

that the first boys have started to be re-dosed in 

North America and Europe, and the company is 

now looking into the possibilities for re-dosing 

on a country by country basis until most patients 

which previously participated in drisapersen stu-

dies, will be offered re-dosing. The clinical in-

vestigators will be informed regularly on the pro-

gress in their country. To organize such a trial is 

time-consuming as each country has a separate, 

often complex procedure of giving permission 

for clinical studies with children.  

     In Europe, boys that are eligible for the first 

re-dosing group are those that participated in the 

long-term PRO051-CLIN-02 study. The re-dos-

ing program in Belgium is being led by Dr. Na-

thalie Goemans at the University Hospitals in 

Leuven and in Sweden led by Dr. Mar Tulinius 

at the University of Gothenburg. 

     Prosensa will continue to provide information 

as these plans are finalized. Families with eligi-

ble patients and who are interested in re-dosing 

are encouraged to remain in contact with the in-

vestigator at the clinical center where their boys 

had been treated before with drisapersen.  

 

Merger with BioMarin.  

 

On 24 November 2014, Prosensa announced that 

the company BioMarin Pharmaceutical Inc. in 

San Rafael north of San Francisco’s Golden Gate 

Bridge will take over Prosensa. BioMarin is a 

multinational biopharmaceutical company with 

more than 1,300 employees in 40 countries that 

specializes in therapeutics for patients with rare 

genetic diseases. It has several drugs approved or 

in clinical trials: Five approved products are 

Naglazyme, Aldurazyme and Vimizym for three 

types of Mucopolysaccharidosis (VI, I, and 

IVA), Kuvan for PKU, and Firdapse for Lambert 

Eaton Myastenic Syndrome; three drugs are in 

phase-III clinical trials for PKU, germline breast 

cancer, and Pompe disease, and there is a phase-

II trial for achondroplasia, and a phase-I trial for 

a form of Batten Disease.  

     Within the BioMarin organization, Prosensa 

will remain in Leiden with Dr. Scott Clarke as 

Chief Executive Officer, while Dr. Hans Schikan 

will be an Independent Supervisory Board Mem-

ber of Prosensa. In February and March 2015, 

the merger of the two companies has been com-

pleted, which – to quote Dr. Schikan from one of 

Prosensa’s press releases – “assures future suc-

cess for Prosensa’s orphan drug candidates with 

a prominent rare-disease company that has the 

experience and dedication to bring drisapersen 

and our follow-up compounds to the hands of pa-

tients who desperately need them.” 

     I am closing these summaries of exon-skipp-

ing research done at Prosensa during the last two 

years with a statement from BioMarin: “We real-

ize that time is critical to patients with rare dis-

eases and we strive to quickly develop important 

therapies for them. The efficiency and speed of 

our research, development, manufacturing, and 

commercial efforts are at the heart of our ability 

to urgently deliver therapies. Our track record of 

developing and commercializing new treatments 

has been significantly faster than the industry 

average and is engrained in our culture. 

     BioMarin will apply its wealth of knowledge 

and experience gathered over nearly two decades 

in rare disease therapeutics and, more particular-

ly, its extraordinary dedication and drive to en-

sure the timely and appropriate availability of a 

treatment for Duchenne.”

 

 

Günter Scheuerbrandt, PhD. 
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