UNITED STATES DISTRICT COURT

DISTRICT OF NEW JERSEY

e e e e e e e e e e e X
JACOB GUNVALSON, CHERI and JOHN :
GUNVALSON as Guardians for Jacob Gunvalson, :
and CHERI and JOHN GUNVALSON, :
Individually,

Plaintiffs, . District of New Jersey
Index No. 08-cv-3559
- against -
PTC THERAPEUTICS, INC,,

Defendants.

AFFIDAVIT OF LANGDON L. MILLER, M.D.

STATE OF NEW JERSEY

)
) sS.:
COUNTY OF MIDDLESEX )

LANGDON L. MILLER, M.D., being duly sworn, deposes and says:

1. I am the Chief Medical Officer of defendant PTC Therapeutics, Inc. (“PTC”). 1
submit this affidavit on behalf of PTC in opposition to the motion of plaintiffs John Gunvalson
and Cheri Gunvalson, in their capacity as guardians for Jacob Gunvalson, and Jacob Gunvalson,
John Gunvalson and Cheri Gunvalson, individually, for a preliminary injunction forcing PTC to
give Jacob Gunvalson access lto PTC124 either (i) pursuant to a “protocol exception” permitting
him to participate in an ongoing clinical trial for which he is ineligible; or (ii) foruse ina
proposed “single patient study” by his pediatrician, Dr. John Parkin. I make this affidavit on the

basis of my own personal knowledge.

Dockets.Justia.com


http://dockets.justia.com/docket/circuit-courts/njdce/2:2008cv03559/
http://docs.justia.com/cases/federal/district-courts/new-jersey/njdce/2:2008cv03559/217055/16/1.html
http://dockets.justia.com/
http://dockets.justia.com/docket/new-jersey/njdce/2:2008cv03559/217055/
http://docs.justia.com/cases/federal/district-courts/new-jersey/njdce/2:2008cv03559/217055/16/1.html
http://dockets.justia.com/

2. I joined PTC as Chief Medical Officer in July 2003. In that capacity, my
responsibilities include providing input on the design of the various clinical trials for PTC124
conducted to date and those that are currently ongoing, analyzing the data generated from those
trials, presenting those data to other members of the medical community, and obtaining funding
necessary to facilitate the development and testing of PTC124.

3. PTC124 is currently under investigation to determine whether it is a safe and
effective treatment for patients who have Cystic Fibrosis (“CF”) or one of two types of Muscular
Dystrophy: Duchenne Muscular Dystrophy (“DMD”) or a less-aggressive form of muscular
dystrophy known as Becker Muscular Dystrophy (“BMD”). The clinical trials for PTC124 that
have been completed to date have yielded positive data suggesting that it demonstrates positive
drug activity in some patients with these medical conditions, but those trials have not yielded
sufficient data for us to conclude that PTC124 is an effective or safe treatment for any condition.

4. As set forth in greater detail below, enrollment is now ongoing for a pivotal long-
term safety and efficacy study for PTC124 as a treatment for DMD and BMD. Itisa
fundamental axiom of all scientific endeavor, including this study, that to prove any given
hypothesis, a study must assume at the outset and be governed by the assumption that the
opposite hypothesis is true. Accordingly, because PTC’s ongoing controlled clinical trials for
PTC124 are designed to show that PTC124 is a safe DMD/BMD treatment that provides a
discernible clinical benefit to patients at a given dose, these trials necessarily are governed by the
“nulil” hypotheses that PTC124 is unsafe and ineffective at the dose that will be administered to
trial participants. Unless and until the clinical data from this 48-week trial disprove the null
hypotheses for PTC124, it is highly unlikely that PTC will ever be able to obtain the requisite

FDA approval to market PTC124 as a treatment for DMD/BMD in the United States.



5. Providing PTC124 to Jacob Gunvalson at this stage of our clinical testing would
be irresponsible and inconsistent with the underlying premise of our ongoing clinical trials
program of the drug as not a safe and effective treatment for DMD/BMD. In essence, it would
require PTC to take two diametrically opposed positions. As explained above, in connection
with the ongoing trials, in which the null hypothesis must govern, PTC must take the position
that the drug does not do what it is intended to do and that it is unsafe. However, if the company
were now to make PTC124 available to Jacob Gunvalson, or anyone else with DMD/BMD
outside of a trial, it could not do so without creating the perception that the drug is in fact both
safe and effective.

6. This is to say nothing of the potentially drastic consequences in terms of PTC’s
ability to obtain FDA approval for PTC124 that would result if Jacob Gunvalson were given
access to PTC as a result of filing this lawsuit. FDA regulations require that a company
developing an investigational new drug conduct clinical trials that compare the safety and
efficacy of that drug to either placebo (i.e., no treatment at all) or, alternately, another drug that is
already on the market. In this case, because there is currently no other drug marketed for the
treatment of DMD/BMD, PTC must test PTC124 in clinical trials that involve the administration
of placebo to some trial participants to gain sufficient data to be in a position to seek FDA
approval for PTC124 as a DMD/BMD treatment.

7. Enrollment in a pivotal clinical 48-week trial that complies with this requirement
is currently underway. The subjects in this trial will be divided into three groups. Two of the
groups will receive PTC124 (at two different doses), and the third group will receive placebo.
This trial is an absolutely necessary step on our path to hopefully someday allow every young

man with DMD/BMD who wants to take PTC124 to be able to do so. I applaud the strength,



courage, and compassion of the families who have made the decision to participate in this trial
knowing full well that there is a one-third chance their children will receive no treatment at all
for nearly a year. However, if the Gunvalsons prevail in this action, it is likely that many
families would be unwilling to consider such trials going forward because they could obtain
access to the drug through litigation.

8. Thus, if the Gunvalsons’ motion were granted, it would compromise PTC’s
chances of obtaining FDA approval for PTC124 as a DMD/BMD treatment, and the thousands of
boys with DMD/BMD who might someday benefit from PTC124 could ultimately lose.

9. I understand that the Gunvalsons have claimed that the population of DMD/BMD
patients like Jacob who do not currently have access to PTC124 through a clinical trial is
extremely small, and have even gone so far as to suggest that Jacob may be the only child
without current access to the drug who might benefit from PTC124. This is untrue. On October
22, 2004, PTC submitted a request to the FDA for orphan drug designation for PTC124 as a
treatment for DMD. A copy of PTC’s October 22, 2004 Request for Orphan Drug Designation
for PTC124 as Treatment for Duchenne Muscular Dystrophy is attached hereto as Exhibit A.
Because orphan drug status is unavailable for drugs that will be used to treat more than 200,000
patients in the United States, PTC included in its request a calculation of the number of people in
the United States who had the variant of DMD that PTC124 is intended to treat (that is, who had
DMD due to a nonsense mutation) to show that PTC124 satisfied the requirements for orphan
product designation. (Id. at 20.) According to PTC’s calculations, in 2004 there were
approximately 12,973 DMD patients in the United States, 13% of whom (approximately 1690)
might benefit from PTC124. (See id.) The number of patients anticipated to participate in PTC’s

ongoing 2008 clinical trials in DMD and BMD is approximately 200, and this figure includes



participants outside the United States. Thus, far from being the only DMD/BMD patient who
cannot participate in those studies, Jacob, in fact, is one of more than a thousand boys and young
men in the United States and potentially thousands of others worldwide who currently do not
have access to PTC124 through a clinical trial but might benefit from the drug.

The Design and Purpose of Clinical Trials

10.  Clinical trials are medical experiments designed to test the safety and efficacy of
new drugs that are necessary to secure regulatory approval to market the drug in the United
States. Before clinical trials commence, a new drug is subjected to preclinical studies, which
involve studying the drug’s pharmacological effect and toxicity in animals. The data obtained
from preclinical studies are critical in determining that clinical trials, which involve
administering the new drug to humans, should go forward.

11.  If such a determination is made, the sponsor of a drug must submit an
investigational new drug application (an “IND”) to the FDA. If the FDA does not raise an
objection, the clinical trials can begin.

12.  As a general rule, clinical trials involve three distinct phases, each of which is
carefully designed to yield specific types of data, and each must be completed before the next
may begin. Phase 1 is designed to determine an appropriate and safe dose of the drug for use in
later trials. In addition, Phase 1 testing provides information on what happens to the drug when
inside a human body, that is, how the drug is metabolized (the “pharmacokinetics™ of the drug),
how much of it is present in the bloodstream or other organs, and how and when the body
excretes the drug. Phase 1 data also provide some preliminary information concerning drug

safety.



13.  Phase 1 trials typically involve the introduction of a new drug into healthy
volunteers. Given the ethical considerations attendant to administering an experimental new
drug to children, Phase 1 trials for drugs designed to treat childhood diseases like DMD/BMD
are almost always performed in healthy adults.

14.  Positive data from Phase 1 justify advancing to Phase 2. The primary goal of
Phase 2 studies is to assess the activity of the drug in patients under study. In addition, Phase 2
studies provide additional short-term safety data and pharmacokinetic information.

15.  Phase 2 trials are generally followed by Phase 3 trials that compare the drug under
investigation to either placebo or another type of control. By agreeing to participate in a
controlled trial, a subject has no assurance that he or she will actually receive an investigational
drug and assumes the possibility that he or she will be assigned to the control group for the trial
and receive either placebo or another available therapy. This possibility is fully set forth in the
consent documents that must be reviewed and evaluated by the subject (and/or, as here, his or her
parent or guardian) as a condition of trial enrollment.

16.  The principal goal of Phase 3 studies is to provide data demonstrating that a drug
offers a clinical benefit to patients with the medical condition the drug is intended to treat, either
by alleviating their symptoms, prolonging their lives, preventing 'complications associated with
their condition, or some combination thereof. As a general rule, Phase 3 studies tend to be much
larger than their predecessor studies and often involve hundreds to thousands of participants.
However, if the condition the drug is intended to treat is rare, Phase 3 studies may be somewhat
smaller.

17.  The nomenclature the FDA uses to describe the phases of clinical investigation do

not fully reflect current practices. Although FDA regulations expressly recognize only Phases 1,



2, 3 and 4 (post-marketing studies), a company may conduct Phase 2 trials in two parts,
denominating the first part Phase 2a and the latter part Phase 2b. Phase 2b trials may involve the
use of placebo or another type of control, and in many respects resemble what FDA regulations
call Phase 3 studies.

18. A company that conducts Phase 2b trials that involve a sufficiently large number
of participants and the use of placebo or another control may be able to obtain FDA approval
without conducting Phase 3 trials, while in other cases additional Phase 3 trials may be required
prior to approval. In the United States, the FDA ultimately determines whether a Phase 2b trial
provides sufficient data to conclude that an experimental drug is sufficiently safe and effective to
justify approval.

19.  No matter what they are called, the final set of clinical trials conducted before a
company seeks FDA approval for a new drug is governed by the null hypothesis and must
assume that the drug under investigation is unsafe and does not work. Unless and until both of
these hypotheses are disproved by the data generated from such trials, it is my belief that making
PTC124 available outside of these clinical trials poses the potential for unacceptable risks
without potential benefits.

PTC124 As A Potential DMD/BMD Treatment

20. DMD/BMD is a progressive form of muscular dystrophy that causes the loss of
both muscle function and patient independence. The disease affects only males and it is typically
diagnosed within the first few years of life. Boys and young men who have DMD/BMD produce
little or no dystrophin, a protein that is important for maintaining the structure of the body’s
muscle fibers. Proteins, like dystrophin, are comprised of long molecular chains and constitute

essential components of all living cells. According to a recent study, medical advances over the



last 20 years have increased the survival rate for DMD patients such that now most DMD
patients can be expected to survive into early adulthood. A copy of an Archives of Diseases in
Childhood Online article entitled “Update on the Management of Duchenne Muscular
Dystrophy” citing this fact is attached hereto as Exhibit B. Patients with BMD would be
expected to live considerably longer.

21. The process of protein production involves a number of steps. First, the genetic
material contained in a person’s DNA is copied to Messenger RNA (*“mRNA”). The genetic
code contained in the mRNA is then translated by components of cellular machinery known as
ribosomes which use the information they receive through the translation process to build
proteins.

22.  Approximately 10-15% of patients with DMD/BMD have what is known as a
“nonsense mutation” in their DNA. The nonsense mutation, when copied to mRNA, inserts a
signal into the mRNA to stop protein production before it is complete. This signal is known as a
premature‘ stop codon. When translated by the ribosomes, premature stop codons hinder the
ribosomes from completing production of the dystrophin protein. The partially completed
dystrophin molecules that are created in patients with DMD/BMD are insufficient to serve
necessary biological functions.

23. . Lacking functional dystrophin, DMD/BMD patients suffer from a loss of
structural integrity in their muscles. As the disease progresses, patients lose the ability to use
their legs and become non-ambulatory. DMD patients are frequently wheelchair-bound by the
age of 10. See Ex. B at2. Eventually, the disease compromises the functioning of the muscles

in the patient’s torso, including those that facilitate breathing. In the late stages of DMD/BMD,



patients frequently require ventilators to breathe, and cardiac functioning may also be
compromised. Id. at 7-8.

24.  PTC124 is intended to allow the cellular machinery in patients with nonsense
mutations to bypass premature stop codons, thereby enabling the production of a complete
essential protein. Specifically, for DMD patients, the drug is intended to override the signals that
would ordinarily prevent ribosomes from obtaining sufficient information to generate a complete
dystrophin molecule, thereby enabling them to produce functional, full-length dystrophin
molecules.

Clinical Trials of PTC124

25.  Preclinical (animal) studies for PTC124 were initiated in laboratories at the
University of Pennsylvania in 2003. Those studies were conducted in mice. Additional
toxicology studies were performed in rats and dogs. In PTC’s view, the preclinical data
generated in these studies justified seeking permission from the FDA to conduct investigations of
PTC124 in human subjects.

26. Phase 1 trials for PTC124 were conducted in 2004 and 2005. In those trials,
PTC124 was administered to healthy adults for up to 14 days at varying dosages. The purpose of
these trials was to gather preliminary safety and pharmacokinetic data on PTC124 and to gain
some information on the specificity of drug action — that is, to determine that PTC124 would not
read through normal stop codons. The results of the Phase 1 trials indicated the safety and
specificity of PTC124 at the studied doses over a short timeframe in healthy adults.

27.  Inearly 2006, PTC initiated a Phase 2a study of PTC124 in subjects who have
DMD as a result of a nonsense mutation. The study was conducted at three hospitals: the

Children’s Hospital of Philadelphia; the Cincinnati Children’s Hospital Medical Center; and the



University of Utah. The primary goal of this study was to assess muscle dystrophin expression —
that is, the amount of dystrophin present in muscle tissue — in response to treatment with

PTC124. Attached as Exhibit C hereto is a copy of a description of the Phase 2a trial and its

eligibility requirements that has been posted on the www.clinicaltrials.gov website. PTC worked
closely with scientists and investigators to design this study to help evaluate whether the
encouraging preclinical (animal) findings for PTC124 translated to the clinical (human) setting.

28.  Enrollment in the Phase 2a clinical trials was limited to patients with DMD
because they produce virtually no dystrophin and detecting an increase in dystrophin expression
as a result of PTC124 treatment would be easier than detecting such an increase in patients with
BMD who typically produce more dystrophin than DMD patients.

29.  The Phase 2a clinical trials for PTC124 were conducted in three separate and
sequential stages. First, a low dose of PTC124 was administered to a group of six ambulatory
boys with DMD for 28 days. This initial stage generated pharmacokinetic data concerning the
use of PTC124 in young boys. Building on these data, a medium dose of PTC124 was
administered to a group of 20 ambulatory boys with DMD for 28 days. Through this portion of
the Phase 2a trial, it became apparent that younger children may metabolize PTC124 faster than
adults and an additional dosing stage was added to evaluate a higher clinical dose in a group of
12 older boys and young men with DMD, some of whom were ambulatory and others were not,
for 28 days.

30.  Consistent with the formal eligibility requirements stated in the FDA-approved
protocols for that study, whether a given subject was eligible to participate in any of the stages of
the Phase 2a study was determined by the principal investigators at each trial site. No one at

PTC had the ability to determine whether any specific child could participate.
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31.  In May 2007, we announced that interim data from the first two stages of the
Phase 2a study were positive. In our view, that data suggested that treatment with PTC124 was
associated with increases in muscle dystrophin expression in over half of the 26 trial participants.
At the time, the data from the third stage of the Phase 2a trial were still being accrued and
analyzed and therefore could not be released.

32.  In October 2007, after all of the data from each stage of the Phase 2a trial were
available and had been analyzed, PTC announced that PTC124 appeared to be well tolerated in
all three dose levels that had been administered, and that the target concentrations of the drug in
the body — that is, the concentrations that the preclinical studies for PTC124 indicated were
necessary for the drug to have effect — were achieved in trial participants who received both the
medium dose and the large dose. The results of these trials also added to the growing body of
data indicating that PTC124 was safe for human use, but, because they only involved the
administration of the drug to DMD patients for 28 days, these trials did not, by any means,
provide definitive safety data for PTC124.

33. On April 23, 2008, PTC announced a second Phase 2 trial for PTC124 as a DMD
treatment (the “Phase 2b Trial”). Depending on the results of this trial, it may be unnecessary for
PTC to conduct Phase 3 trials of PTC124. The Phase 2b trial is designed to demonstrate both the
safety and efficacy of PTC124 as a long-term DMD/BMD treatment. Attached as Exhibit D

hereto is a copy of a description of the Phase 2b trial and its eligibility requirements that has been

posted on the www.clinicaltrials.gov website.
34.  The null hypothesis governs this trial. PTC must assume in conducting this trial
that PTC124 is neither safe nor effective, and the goal of this trial is to disprove these hypotheses

using clinical data. We are hopeful that the Phase 2b study will generate sufficient positive data
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to enable us to submit a formal application to the FDA for approval of PTC124 as a DMD/BMD
treatment in the United States. However, at this time, we simply do not know if it will.

35.  The Phase 2b trial differs in many respects from the Phase 2a trial described
above. First, the goals of the trials are different. Unlike the Phase 2a trial which was designed
primarily to test muscle dystrophin expression, the Phase 2b trial is designed to demonstrate the
efficacy of PTC124 by measuring improvements in the walking ability (ambulation) of its
participants. Because one of the primary endpoints of the trial is to measure PTC124’s affect on
ambulation, the trial is only open to boys or young men with DMD/BMD who can still walk.

36.  Second, unlike the Phase 2a trial in which all of the trial participants received
PTC124, albeit at vérying dose levels, participants in the Phase 2b trial will receive one of two
dose levels of PTC124 or placebo. Although enrollment for the Phase 2b trial is still ongoing,
we anticipate that the trial will include approximately 165 participants once enrollment is
complete. Accordingly, approximately 55 of the subjects who agree to participate in the Phase
2b trial will not receive PTC124 at all for the first 48 weeks of the trial. The Phase 2b trial is
double-blinded, meaning that, for the duration of the trial, neither the participants nor the
principal investigators conducting the trial will know who is receiving PTC124 and who is
receiving placebo. PTC will also not have access to this information until the study is considered
completed.

37.  Third, each of the participants enrolled in the Phase 2b trial will participate in the
trial for nearly a full year (48 weeks), not just 28 days like their Phase 2a counterparts. Because
it is contemplated that PTC124 will be administered to DMD/BMD patients throughout their

lives, the safety data generated from the Phase 2b trial are crucial, and without those data it
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would be irresponsible to administer PTC124 to any child with DMD/BMD for long-term use
outside the clinical trial setting.

38. Fourth, unlike the Phase 2a study, which enrolled only patients with DMD, the
Phase 2b trial is also open to patients who have been diagnosed with BMD, assuming they
satisfy the other eligibility criteria.

39.  Atthe end of 48 weeks, all of the individuals who participate in the Phase 2b trial,
whether they receive PTC124 or placebo during the trial, will have access to PTC124 for the
next 48 weeks.

40.  Although the Phase 2b trial is intended to last a full 48 weeks, preliminary data
from the trial will be reviewed by an independent data monitoring committee comprising experts
in DMD, biostatistics, and other relevant medical disciplines, after approximately 90 participants
have been in the study for approximately 24 weeks. At present, we estimate this will be at some
point in the second quarter of 2009. The analysis of those data will provide an interim look at
PTC124’s safety and efficacy that will determine whether or not to continue the study.

41.  The determination of whether the Phase 2b trial should continue after the analysis
of the interim data will be based on the recommendations of the data monitoring committee. If
the committee finds that the interim data show PTC124 is unsafe or ineffective, the trial will
stop. The data monitoring committee may also recommend stopping the trial if the interim data
justify a finding of extreme efficacy — that is, that PTC124 works so well it would be virtually
unethical not to stop the trial and make the drug available to all Phase 2b study subjects. Finally,
the data monitoring committee may determine that the trial should continue until completion —
that is, until all subjects are enrolled into the study and have been in the trial for a full 48 weeks;

such a recommendation is the most likely of the three alternatives. In this case, the implications
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of the committee’s decision are that PTC124 is safe enough to continue administering it to trial
participants for the remainder of the study and that the drug has not yet proved to be effective.
Thus, both the safety and the effectiveness of PTC124 as a long-term DMD treatment will
remain uncertain. All we will know at that time is that an independent determination has been
made that PTC124 is safe enough to permit the trial to proceed to its scheduled completion in
early 2010, at which time definitive conclusions about safety and efficacy will be reached by the
FDA after an application for approval of PTC124 has been submitted and reviewed.

42. Although PTC will receive a recommendation from the data monitoring
committee after the committee analyzes the interim trial data, PTC will not have direct access to
the data divided by subject group, and thus cannot perform a separate analysis of safety or
efficacy.

43. It bears mention that, even if the data monitoring committee makes the
determination that the Phase 2b trial should be stopped based on a finding of extreme efficacy,
before the trial can be stopped, the FDA is requiring PTC to make the interim data from the trial
available to the FDA for its own independent review. If the FDA agrees with the data
monitoring committee, the trial will stop, but if the FDA disagrees, the trial will continue.

44.  Ttis certainly possible that, even if the Phase 2b trial proceeds until completion,
additional trials or studies may be required before PTC124 can receive FDA approval. Thus,
maintaining the ability to enroll additional subjects into such trials is important. Such trials
could be compromised if the drug were made available outside of the clinical trials setting.

45.  In addition to recruiting participants for our Phase 2b trial, we are also currently
enrolling subjects who participated in the initial Phase 2a trial into a Phase 2a extension study.

This two-year extension study is being conducted pursuant to the IND that was submitted in
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connection with the Phase 2a trial. The Phase 2a extension study will provide additional data
concerning the long-term safety and efficacy of PTC124 as a treatment for DMD that will be
used to support FDA approval of PTC124. Participants in the Phase 2a extension study will
receive PTC124 for approximately two years. Because participants in the Phase 2a extension
study were all enrolled to the Phase 2a study, only patients with DMD are included.

46.  Although the results of clinical trials for PTC124 as a DMD treatment that have
been conducted to date have yielded encouraging results about drug activity, it is by no means
certain at this point that PTC124 we will be approved by the FDA. According to a recent report
by the Director of Economic Analysis at the Tufts Center for the Study of Drug Development at
Tufts University, in addition to being complex, time-consuming, and costly, the process of drug
development is also “risky in that most compounds that undergo clinical testing are abandoned
without obtaining marketing approval.” A copy of an article entitled “Risks in New Drug
Development: Approval Success Rates for Investigational Drugs,” authored by Joseph A.
DiMasi, Ph.D, is attached hereto as Exhibit E. That report further notes that about “half of
clinical research failures occur in Phase II. This is the case for both the first and second halves
of the study period.” Id at 302. This indicates that, despite the great hope we have that PTC124
will be approved by the FDA as a DMD treatment, it is wholly premature at this point to expect
that the drug is sufficiently safe and effective such that it will be approved.

Funding for PTC124 Trials

47.  The clinical development and testing of PTC124 thus far has largely been funded
by grants from various organizations, governmental entities, and private investors. To date, the
company has received grants from the Muscular Dystrophy Association, Cystic Fibrosis

Foundation Therapeutics, Inc., and the FDA’s Office of Orphan Products Development. In
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addition, indirect support for certain types of infrastructure at the clinical sites was made
available by the National Center for Research Resources. To the best of my knowledge, Cheri
Gunvalson was not involved in any of our efforts to obtain the clinical grants we have received
from any of these entities.

48. I understand that the Gunvalsons are alleging that Cheri Gunvalson urged me to
file an application for a grant from the National Institutes of Health (“NIH”) and that
Mrs. Gunvalson helped PTC to apply for federal grant money. Neither of these assertions is true.
First, PTC has never applied for an NIH grant to facilitate the clinical development of PTC124.
The only grant we have received from the NIH that was used to fund PTC124 research went
almost entirely to the University of Massachusetts, and was used to fund in vifro studies of
PTC124. Mrs. Gunvalson had no involvement in procuring this grant. Second, to the extent
that PTC124 applied for and received money from the FDA, as set forth above, Mrs. Gunvalson
was not involved in the process.

PTC Makes A Formal Record that Expanded Access Is Not Yet Available

49. T understand that the Gunvalsons also are claiming that PTC has somehow failed
to provide required information concerning its policies with respect to expanded access. This is
untrue.

50.  Prior to the commencement of the Phase 2b trial for PTC124, PTC posted the
eligibility requirements for that trial on www.clinicaltrials.gov. See Ex. D. In connection with
that posting, PTC employees filled out a web form indicating as a matter of formal record that
there was no expanded or non-protocol access available for this trial. A copy of the web form

PTC completed for the Phase 2b trial is attached hereto as Exhibit F.
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Jacob Gunvalson’s Access to PTC124

51. I understand that the Gunvalsons have alleged that, in response to the request of
Jacob Gunvalson’s pediatrician, Dr. John Parkin, I stated that once patient safety was confirmed
by the Phase 2 clinical trials that were ongoing at the time, I would discuss making PTC124
available to Jacob Gunvalson. That also is not true. Attached as Exhibits G and H, hereto
respectively, are a copy of the letter I received from Dr. Parkin seeking pre-approval access to
PTC124 and my April 14, 2006 letter to Dr. Parkin responding to his request.

52.  Specifically, after apprising Dr. Parkin of the results of the clinical trials that had
been conducted as of that time, I told him:

Given this situation, implementation of an expanded access program at this time
would be premature. While we are encouraged that the available data may
suggest proof of concept in CF, these data were obtained in only a small number
of adult patients receiving PTC124 for a short period of time. We cannot be sure
that the preliminary results in CF will indicate long-term clinical benefit in CF,
nor can we surmise that the preliminary CF findings will predict clinical benefit in
patients with DMD.

We want to avoid unacceptable risks for patients and be certain that we do not
jeopardize the development of PTC124. Our clinical development plan is
designed to ensure that PTC124 becomes available for all patients who might
benefit if its efficacy and safety are eventually proven. Thus, we must finish the
additional toxicology studies and complete accrual to the current Phase 2 clinical
trials in CF and DMD. We expect to complete our further toxicology studies and
Phase 2 clinical trials in CF and DMD by the end of 2006, with data available
following completion.

I would like to suggest that we plan to be in touch in early 2007 once more
information is available.

Ex.Hat1.

53.  Asis clear from my letter, all that I did was suggest that Dr. Parkin and I speak
once the data from the Phase 2a clinical trials were complete and had been evaluated. At that
time, | anticipated that PTC’s Phase 2a trials would be fully cbmpleted in 2006. As it turns out,

however, the data from those trials were not accrued and analyzed until the third quarter of 2007.
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54.  Inno way was my letter to Dr. Parkin intended to suggest, nor do I believe it can
reasonably be interpreted as suggesting, that Jacob would receive pre-approval access to PTC124
to enable Dr. Parkin to administer PTC124 to Jacob under a single-patient IND if our Phase 2a
trials yielded positive data.

55. I understand that the Gunvalsons also have claimed that at some point during the
July 13, 2006 annual conference of Parent Project Muscular Dystrophy, I assured
Mrs. Gunvalson that once PTC had positive data from the ongoing Phase 2a trials, Jacob would
have access to PTC124. 1 made no such statement and it is, quite frankly, beyond any realm of
possibility that I would ever make such a statement. The only manner in which any boy or
young man with DMD/BMD can or could at the time receive PTC124 is through participation in
a clinical trial for the drug. Study participation is predicated on evaluation by a clinical
investigator to determine whether a prospective subject meeté the enrollment criteria set forth in
an FDA-approved protocol for that trial. Thus, neither I nor anyone else at PTC can determine
the eligibility of a specific trial candidate. For Jacob Gunvalson to have received PTC124 at that
time, or any time since, he would have to have been selected to participate in the clinical trial by

one of the primary investigators who conducted that trial.
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Langdon L. Miller, M.D.

S oj‘a to before me this
~day of August, 2008
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1. REQUEST FOR ORPHAN DRUG DESIGNATION

Pursuant to Section 526 of the Federal Food, Drug, and Cosmetic Act, PTC Therapeutics, Inc.
requests that PTC124 be designated as an orphan drug for the treatment of Duchenne muscular
dystrophy (DMD) resulting from a nonsense mutation (premature stop codon) in the dystrophin
gene.

2. SPONSOR AND DRUG PRODUCT

2.1. Sponsor Information

Address Contact

PTC Therapeutics Langdon L Miller, MD
100 Corporate Court Chief Medical Officer
South Plainfield, NJ Tel: (908) 222-7000 x 152
USA 07080 Fax: (908) 222-7231

E-mail: Imiller@ptcbio.com

2.2. Drug Product

Generic Name Trade Name
PTCI124 To be determined

2.3. Sites of Manufacture

Drug Substance Drug Product
Rhodia-Annan Patheon, Inc.

Three Trees Road 2100 Syntex Court
Newbie, Annan, Dumfriesshire Mississauga, Ontario
Scotland DG12 5QH Canada L5N 7K9

or

Rhodia-Dudley:
Dudley, Cramlington, Northumberland
England NE23 7QG

3. DISEASE DESCRIPTION, THERAPEUTIC RATIONALE, AND
PROPOSED INDICATION

3.1. Disease Description and Current Therapies

DMD is an X-linked disorder caused by defects in the gene for dystrophin, a protein that is
critical to the structural stability of myofibers in skeletal and cardiac muscele [1]. Dystrophin is a
high-molecular-weight cytoskeleton protein localized at the inner surface of the muscle
membrane. [t is part of a dystrophin-glycoprotein complex that also includes dystroglycans and
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sarcoglycans. The complex provides a bridge across the muscle membrane; dystrophin couples
F-actin in the cytoplasm with dystroglycan, which, in turn, binds merosin (laminin-2) in the
extracellular matrix. Dystrophin deficiency destabilizes the dystrophin-glycoprotein complex,
impairing localization of the dystroglycans and sarcoglycans to the muscle membrane, and
compromising the structural integrity of the membrane. The absence of normally functioning
dystrophin results in sarcolemmal breakdown, calcium ion influx, phospholipase activation,
oxidative muscle injury, and, ultimately, myonecrosis. As muscle damage progresses, connective
tissue and fat replace muscle fibers.

The diagnosis of DMD is based on the typical muscular manifestations, a family history
(although one-third of patients have spontaneous mutations with no family history}, and the
presence of a substantially elevated serum creatine kinase level [1]. The diagnosis can be
confirmed by muscle biopsy in moderately weak muscles that still have sufficient muscle tissue
for evaluation. Immunofluorescence staining reveals the conspicuous absence of dystrophin and
other molecules of the dystrophin complex at the sarcolemmal membrane. Standard histological
features include widespread muscle necrosis, fiber size variation, and regenerating cells in
different stages of atrophy and regrowth. Initially, macrophages and CD8-positive T
lymphocytes invade necrotic muscle fibers and then are replaced by fibrotic and fatty tissue.
Total sequencing of the dystrophin gene to confirm the presence of mutations is now available
for research studies by the University of Utah, Salt Lake City, UT [2].

DMD usually manifests in boys approximately 3-7 years of age when they are noted to develop
lordosis, a waddling gait, and the Gower sign (a characteristically abnormal method of rising
from a supine to a standing position) [1]. Inexorable progressive weakness is seen in the
proximal musculature, initially in the lower extremities but later involving the neck, shoulders,
and arms. By the age of 8 years, most patients have difficulty with ascending stairs, and many
are wheelchair-bound by 10-12 years of age as they develop increasing weakness and
contractures of the iliotibial bands, hip flexors, and Achilles tendons. Wheelchair-induced
immobility creates a vicious cycle, with further loss of strength and formation of additional
contractures. As respiratory and cardiac muscle strength decline, FVC and cardiac output
decrease, leading to terminal respiratory or cardiac failure, often by late adolescence.

At this time, there is no available systemic therapy to improve or correct dystrophin production
and function. The primary goal of DMD treatment is palliation through supportive care
measures such as bracing, joint-stretching exercises to avoid onset of contractures, tendon-
release surgery, and eventual wheelchair use and application of assisted ventilation. Although
not specifically FDA-approved for use in DMD, corticosteroids, working through unknown
mechanisms, have been the only medications to demonstrate a benefit in ameliorating the discase
[3, 4]. Clinical improvement, as measured by strength testing, is seen approximately t month
after starting treatment and disease progression appears to be slowed for 26 months [3, 4]. To
date, only modest creatine kinase improvements have been observed with steroid use, perhaps
due to the extreme variability in this marker. Because chronic steroid use in children with DMD
is typically associated with serious sequelae, steroids are not universally employed. Most
patients receiving steroids experience weight gain (which is problematic given the need to
reduce muscle load-bearing), growth inhibition (which may offer benefit by minimizing torque
on muscle groups), and Cushingoid habitus [4]. Osteopentia, stomach ulcers, rashes, and glucose
intolerance are also commonly observed. Clinical tests have been developed, standardized, and
validated as helpful tools in following the course of the disease and evaluating clinical benefit in
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studies [5, 6]. The tests are primarily useful in ambulatory patients and involve physical-
therapist-administered determinations of strength in 34 specific muscle groups as well as timed .
evaluations of walking, stair climbing, and rising from a supine position

3.2. Therapeutic Rationale for Nonsense Mutation Suppression as a
Therapy for Duchenne Muscular Dystrophy

Nonsense mutations are single-point alterations in DNA that, when transcribed, result in
conversion of a messenger RNA triplet (eg, CAG) that codes for an amino acid to a triplet (eg,
UAQG) that is interpreted as a termination codon. The presence of such a malpositioned stop
codon leads to premature cessation of translation, with protein truncation and consequent disease
due to loss of enzymatic function or a structural deficit. Nonsense mutations are the basis for
approximately 10% to 15% of the individual cases of most inherited diseases, including DMD

[7].

Drug treatment approaches that selectively promote ribosomal readthrough of nonsense
mutations have the potential to treat genetic disorders such as DMD. It has recently been
described in preclinical systems that existing drugs such as the aminoglycoside group of
antibiotics, which have translation-modifying mechanisms of action, can suppress the effects of
nonsense mutation in the mRNA for the dystrophin gene. In the nonsense-containing dystrophin
gene in the mdx mouse model of DMD, animals treated with high-dose gentamicin have
produced full-tength dystrophin protein, and have shown evidence of reduced muscle stress

injury [8].

Administration of gentamicin has also shown evidence of nonsense mutation suppression in pilot
clinical studies. While some clinical results have been equivocal [9], there is also evidence that
intravenous (V) gentamicin can induce full-length dystrophin production as shown by
immunofluorescence of biceps muscle biopsies [10]. '

Because serious renal and otic toxicities and the need for parenteral administration preclude the
long-term clinical use of high-dose gentamicin, there has been considerable interest in the
identification of more suitable small-molecular-weight synthetic compounds with the ability to
promote readthrough of disease-causing nonsense mutations.

PTC124 is a new chemical entity that selectively promotes ribosomal readthrough of mRNA
containing a nonsense mutation, and thus may have the potential to treat a proportion of patients
with DMD. The molecule was identified by PTC Therapeutics, a drug discovery company based
in South Plainfield, NJ, that is focusing on the identification and development of small-molecule
drugs that can treat human disease by selectively binding to RNA targets or to proteins that
interact with RNA. It is expected that because of its mechanism of action, PTC124 will be able
to overcome the basic causative defect responsible for the disease in a subset of patients and
provide a new, more definitive therapy for the treatment of DMD.

3.3. Proposed Indication

PTC Therapeutic’s development program hypothesis is that PTC124, administered by daily oral
dosing to maintain target plasma concentrations, will modify disease-specific pharmacodynamic
markers and will safely offer clinical benefit. PTC Therapeutics® development program for
PTC124 is intended to support an indication for:
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Treatment of patients with Duchene muscular dystrophy resulting from a nonsense
mutation (premature stop codon) in the dystropiin gene

4. DESCRIPTION OF DRUG AND RATIONALE FOR USE
4.1. Drug Properties
4.1.1. Drug Substance

As shown in Figure 1, PTC124 is a 1,2,4-oxadiazole linked to 2 ring structures: fluorobenzene
and benzoic acid. Its chemical name is 3-[5-(2-fluoro-phenyl)-[1,2,4]oxadiazole-3-yl]-benzoic
acid. The structure has been confirmed by 'H-NMR and IR, and the molecule has no chiral
centers. Of note, the compound has no structural similarity to gentamicin or other
aminoglycoside antibiotics.

Figure 1. Structure of PTC124
F
N-O
[y
N

CO,H

The drug substance is a white, crystalline powder with a molecular weight of 284.2 Daltons, a
mean particle size of 7-8 um, and a melting point of approximately 244°C. Its pKa and partition
coefficient (octanol/water) have not yet been determined. A preliminary evaluation of the
solubility profile of PTC124 in various organic solvents has shown the substance is readily
solubilized in dimethy! sulfoxide (DMSO) and ethanol.

PTC124 is a Biopharmaceutical Classification System Case 2 compound, possessing low
aqueous solubility (<1 pg/mL) and high permeability across a Caco-2 cell layer. The
permeability results from 2 studies, expressed as apparent permeability (Pgpp), were 22.8 x 10
and 27.6 x 10 cm/sec, respectively, for the free acid.

Two ¢cGMP batches of PTC124 have been manufactured by Rhodia Pharma Solutions, Malvern,
PA. Additional batches of drug will also be manufactured by Rhodia Pharma Soluttons.

4.1.2. Drug Product

The drug product is being provided by Patheon, Inc., Ontario, Canada, as powder in a bottle for
reconstitution, formulated with a suspending agent and a surfactant. Future formulation
development will address any potential palatability issues noted in Phase 1 studies. It is
anticipated that the Phase 2-3 formulations may employ the components contained in the Phase 1
formulation but with the possible addition of flavoring and/or coloring agents.
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4.2. Preclinical Characterization of PTC124

The focus of the preclinical pharmacological evaluation of PTC124 has been to determine
essential characteristics of its activity that will influence future development, to evaluate its
mechanism of action and specificity, and to build a body of evidence supporting its clinical
testing in DMD.

4.2.1. In Vitro Activity

4.2.1.1. Cell-based Translation Assay

Building on the established use of firefly luciferase as a biological reporter system, a functional
cell-based translation assay was developed as a means of identifying and quantifying the activity
of compounds that can induce ribosomal readthrough of nonsense stop codons in mRNA. In
this assay, a reporter construct has been prepared that permits quantitative assessment of the
level of translation readthrough based on luciferase-mediated chemoluminescence. Human
embryonic kidney cells (293 cells) growing in media containing fetal bovine serum (FBS) have
been stably transfected with the luciferase gene containing a premature termination codon at
amino acid position 190. In place of the threonine codon (ACA) normally present at this site,
each of the 3 possible nonsense codons (UAA, UAG, or UGA) and each of the 4 possible
nucleotides (C, U, A, G) at the contextually important downstream +1 position following the
nonsense codon have been introduced by site-directed mutagenesis. Figure 2 provides a diagram
of'the types of luciferase mRNA resulting from this construct.

Figure 2. Luciferase Reporter mRNA Constructs

Stop  +1 Position
Codon Nuclecside

UAA 3
UAG +~ o
UGA a
5-UTR 1 3-UTR
ORF
Codon

180

Abbreviations: A = adenosine, C = cytidine, G = guanosine, U = uridine,

mRNA = messenger ribonucleic acid, ORF = open reading frame, UTR = untranslated region
Treatment of the reporter assay cells for 20 hours with increasing concentrations of PTC124
resulted in dose-dependent readthrough of full-length, functional luciferase as measured by
chemoluminescence (Figure 3). Readthrough was best with UGA, was less with UAG, and was
least with UAA. With each stop codon, the minimal concentration showing discernable
readthrough was in the range of 0.1 uM (28 ng/mL) while the effective concentration achieving
90% of peak activity (ECop) was approximately 1.0 uM (284 ng/mL). In this system, when
compared with gentamicin, PTC124 demonstrated greater and more potent nonsense
suppression,
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Figure 3. Relative Activity of PTC124 and Gentamicin by Stop Codon Type
and Concentration in Cell-based Luciferase Reporter Assay

PTC124 Gentamicin
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Abbreviations: A = adenosine, C = cylidine, G = guanosine, U = uridine
Assays performed in triplicate
Additional studies have documented that continuous, unabated exposure to PTC124 appears

important in maximizing that activity and that protein binding does not appear to overtly
influence PTC124 efficacy.

4.2.1.2. mdx Myotube Assay

In order to obtain confirmatory in vitro evidence in a model system containing a nonsense
mutation relevant to human disease, PTC Therapeutics provided PTC124 to investigators, Dr.
Elisabeth Barton and Dr. Lee Sweeney, at the University of Pennsylvania. These collaborators
assessed the activity and dose response of PTC124 in myocytes obtained from mdx mice. These
mice have a nonsense mutation in exon 23 of the dystrophin gene that generates a premature
UAA stop codon in dystrophin mRNA. Consequent loss of full-length protein results in

histological and functional abnormalities of muscle that are reminiscent of findings associated
with DMD in humans.

In this system, primary myoblasts were derived from neonatal mdx mice. After adherence to
plastic dishes, cells were allowed to differentiate into myotubes in serum-containing media to
which PTC124 (500 ng/mL [1.8 uM] to 30,000 ng/mL [106 pM]) or gentamicin (300,000 ng/mL
[313 uM]) was added. Media and drug were replenished every other day and cells were assayed
for dystrophin and myosin by immunofluorescence at 12 days. Respective negative and positive
controls comprised untreated mdx and wild-type C57/B10 mouse primary muscle cultures. The
degree of staining was assessed using a -, +1, +2, +3, +4 semiquantitative scale.

As shown in Table 1, successful readthrough, documented by production of dystrophin, was
evident at all doses of PTC124 tested, with dystrophin appearing convincingly at PTC124
concentrations of 500 ng/mL (1.8 pM} and reaching a maximum at concentrations of 10,000 (35
uM) to 20,000 ng/mL (70 uM), values higher than the range associated with activity in the
luciferase reporter assays. At 30,000 ng/mL (106 uM), a drop-off in activity was observed due
to cytotoxicity that becomes evident with high drug concentrations in this in vitro system [8].
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Table 1. Dystrophin Immunofluorescence by
PTC124 and Gentamicin Concentration in Primary Myotube Cell Cultures

Untreated Controls Treatments
mdx | C57/B10 PTC124 Gentamicin
Mouse | Mouse
Drug ng/mbL 0 0 100 | 500 | 1,000 2,500 | 5,000 |10,000/20,000{30,000{ 300,000
Concentration | um 0 0 0.35 1.8 35 8.8 18 35 70 106 313
Dystrophin - A+ +/- ++ ++ ++ 4+ | bbbt [ ++ +H++
Staining

Figure 4 depicts immunofluorescence images of the myotubes with dystrophin stained red and
myosin (a reference standard) stained green. Substantial production of dystrophin is observed
with PTC124 treatment and with high-dose gentamicin treatment.

Figure 4. Immunofluorescence images of Dystrophin (red)
and Myosin (green) Staining in Primary Myotube Cell Cultures

mdx Mouse Wild-type C57/B10 Mouse
(no treatment) {no treatment)

mdx Mouse mdx Mouse
(PTC124 10,000 ng/mL) {Gentamicin 300,000 ng/mL.})

4.2.2. Mechanism of Action

Chemical footprinting has been used to map sites of interaction of small molecules with
ribosomal RNA (rRNA). Such an analysis was undertaken with several molecules that were
precursors ta PTC124 to map sites of interaction with human rRNA. In this analysis, ribosomes
prepared from HeLa cells were incubated with 100 uM of each compound or controls and then
treated with 2 chemical modifying agents (either dimethyl sulfate or kethoxal) that alter the
structure of IRNA. Following the chemical modification reaction, rRNA was isolated and
primer extension analysis was performed using end-labeled oligonucleotides that hybridize to
different regions of the human 188, 288, and 5S rRNAs. The products of the primer extension
were resolved on 6% polyacrylamide gels. Accessibility of the rRNA to chemical modification
by dimethyl sulfate or kethoxal was visualized as the presence or absence of bands on the gel.
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The regions of the ribosomal RNA that showed altered patterns of chemical modification with
the compounds included severat sites of the 288 rRNA known to be modified in prokaryotic
models of nonsense suppression. Interactions with other areas of the 288 rRNA, or with the 188
and 58 rRNAs were not observed. These data suggest that the mechanism of action of PTC124-
like compounds is mediated through interactions with specific regions of the 288 rRNA and that
these areas are distinct from those of gentamicin, which binds to the 18S rRNA.

4.2.3. Selectivity

An important question regarding PTC124 relates to its selectivity for ribosomal readthrough of
premature stop codons relative to normal stop codons. While such selectivity might be expected
based on the extensive understanding of translational processes that has been developed in recent
years, the potential for PTC124 to read through normal stop codons has been evaluated
experimentally in several systems.

4.2.3.1. Evaluation of Normal p-Tubulin Stop Codon Readthrough

To specifically evaluate the potential for normal stop codon readthrough, the mdx mouse model
of Duchenne muscular dystrophy was employed as a model. [t is known that both PTC124 and
gentamicin can induce readthrough of the UAA nonsense stop codon in dystrophin mRNA in
these animals. It is also known that the mRNA for -tubulin (an abundant protein in mouse
muscle) has a UAA (+1A) termination codon at the.end of the ORF and a second in-frame UAA
(+1A) stop codon downstream in its 3'-UTR. Between these 2 stop codons is an intervening
sequence of 126 nucleotides that, theoretically, could code for a 42-amino-acid extension of the
mouse B-tubulin protein. A schematic of the B-tubulin mRNA is provided in Figure 5. If
PTC124 were to have the capacity to induce ribosomal read of the normal stop codons, it would
be expected that the B-tubulin protein would be increased in size by >42 amino acids
(approximately 5 kiloDaltons [kD]) and that this change would be detectable by Western
blotting.

Figure 5. Mouse B-Tubulin mRNA

AUG UAA{+1A) » UAA(+1A}
’ 126 nucleotides
ORF .
__ 1263 nucleotides {codes for 42 amino acids)
(codes for 421 amino acids}
5-UTR 3-UTR

Abbreviations: A = adenosine, G = guanosine, U = uridine,

mRNA = messenger ribonucleic acid, ORF = open reading frame, UTR = untransiated region
In the experiment, mdx mice were treated daily for 28 days with PTC124 (150 mg/kg orally
[PO]), gentamicin (34 mg/kg subcutaneously [SC)) or PO vehicle, after which muscle tissue was
collected. Muscle from wild-type C57/B10 mice was also analyzed. As expected,
immunofluorescence analysis in the PTC124- and gentamicin-treated mdx mice and in the wild-
type mice revealed evidence of dystrophin production and localization in muscle membranes.
However, as shown in Figure 6, Western blotting of muscles from drug-treated mice did not
reveal an upward shift in the location of the B-tubulin that would suggest that the protein had
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been aberrantly extended due to readthrough of the initial normal stop codon. Thus, the results
of this experiment indicate that PTC124, while suppressing a UAA nonsense mutation in
dystrophin, does not promote readthrough at a normal UAA translation termination codon in -
tubulin.

Figure 6. Western Biot of Mouse B-Tubulin
100 ——

53 — & 4= (-Tubulin

38 =

— .J\_I_'k I\ l J\ 7
| Wild-type mdx
{untreated) (PTC124)
mdx

Marker

(vehicle) (gentamicin)

4.2.3.2. Evaluation of Normal Stop Codon Readthrough by 2-Dimensional Gel
Electrophoresis

While the B-tubulin experiment provided a detailed evaluation of PTC124 action on a single
abundant transcript, a more general approach to the theoretical problem of normal stop codon
readthrough was performed using 2-dimensional gel electrophoresis. If substantial PTC124-
induced ribosomal readthrough of normal stop codons were to abnormally elongate proteins,
shifts in protein staining patterns due to increases in molecular weight and/or electric charge
would be expected. To test this hypothesis, duplicate samples of 293 cells harboring a UGA
(+1C) stop codon at the 190 amino acid position of the luciferase reporter were treated with
PTC124 (5 uM [1420 ng/mL}) or vehicle for 48 hours. Aliquots of cells were assayed to ensure
evidence of PTC124-induced ribosomal readthrough of luciferase in the standard cell-based
reporter assay. Frozen cell preparations were then shipped to Kendrick Labaratories, Inc.
(Madison, WI) for 2-dimensional gel electrophoresis and computerized analysis using Phoretix
software.

Gel membranes, stained with Coomassie Blue, resolved 494 proteins migrating in a pH range of
3.5 to 10 and a molecular weight range of 14 to 250 kD. Computer analysis indicated that there
were no substantive changes in the electrophoretic pattern in PTC124-treated cells compared to

control. The exception was the appearance of a 62-kD band that is in the appropriate molecular
weight and electrophoretic mobility position consistent with production of full-length luciferase.

4.2.3.3. Bacterial Suppression Studies

A number of aminoglycoside antibiotics are active in inducing nonsense mutation suppression
[11, 12, 13], raising the question of whether a drug like PTC124, although not structurally
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similar to the aminoglycosides, might have antibacterial properties. Accordingly, the
antimicrobial activity of PTC124 against a battery of logarithmically growing gram-negative
(Escherichia coli, Pseudomonas aeruginosa) and gram-positive (Staphylococcus aureus,
Staphylococcus epidermidis, Enterococcus foecium, Enterococcus faecalis) bacteria was
determined. Two aminoglycosides (tobramycin, kanamycin) and a penicillin (ampicillin) were
included as positive controls. The concentrations achieving 90% bacterial growth suppression
(ICs) of test compounds were determined.

PTC124 did not prevent the growth of any of the tested bacterial strains at concentrations up to
250,000 ng/ml (880 uM). The expected pattern of bacterial susceptibility to the positive controls
was observed. These results confirm that nonsense suppression activity is separable from
antimicrobial activity and that PTC124 does not have any significant antimicrobial activity.

4.2.4. In Vivo Activity

In follow-up to the studies evaluating PTC124’s effects on mdx myotubes in vitro, its activity in
vivo was also assessed. Studies were performed working in collaboration with Dr Elisabeth

Barton and Dr. Lee Sweeney at the University of Pennsylvania. Because the nonsense mutation
tn the mdx mouse is a UAA (+1A), this model represents a particularly stringent test of efficacy.

In this study, 10 groups of mdx mice (n=20 per group) were stratified by age; the youngest mice
were age 7-9 weeks (n=8 per group), the intermediate mice were age 10-13 weeks (n=6 per
group), and the oldest mice were age 15-19 weeks (n=6 per group) at the start of the study.
Groups treated with PTC124 were as follows: 10 mg/kg QD SC, 5¢ mg/kg BID SC, 100 mg/kg
QD SC, 75 mg/kg BID PO, 150 mg/kg QD PO, 300 mg/kg QOD PO, 150 mg/kg BID PO, 300
mg/kg QD PO. Negative control animals comprised mice treated with vehicle PO QD. Positive
control animals comprised mice treated with 34 mg/kg QD of gentamicin. After 28 days of
treatment, tibialis anterior muscles were removed and processed for dystrophin
immunofluorescence staining. Dystrophin expression in myofiber membranes was quantitatively
assessed using image intensity software. Values reported are membrane intensities normalized
to membrane intensities in bright revertant fibers, taking into account nonspecific background.
Selection of membranes for imaging was performed with the observer blinded as to study
treatment. Blood was collected from each animal to assess effects on CK. PTC124 plasma
concentrations were determined in selected animals at selected timepoints in order to generate a
concentration-time curve for each group.

As shown in Figure 7, animals receiving PTC124 SC had dose-dependent increases in plasma
exposure between 10, 50 and 100 mg/kg SC, while animals receiving PTC124 PO in the
relatively limited dose range tested showed no clear differences in plasma exposure with each
dose in this experiment.
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Figure 7. PTC124 Plasma Concentration-Time
Curves by Route and Dose Level in mdx Mice
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As depicted in Figure 8, treatment with PTC124 and with gentamicin was associated with
positive dystrophin immunofluorescent staining localized to the membrane of muscle fibers.

Figure 8. Immunofluorescence Images of Dystrophin
in Muscle Fibers from mdx Mice Treated for 28 Days

PTC124 PTC124 Gentamicin
Vehicle 50 mg/kg 150 mg/kg 34 mg/kg
BID §C QD PO QD sC

Abhbreviations: BID = twice per day, PO = oral, QD = once per day, SC = subcutaneous

Overt differences in dystrophin expression among the various dose-schedule subgroups were not
readily discernable. Summary data by drug and route of administration are presented in Figure
9. Dystrophin increases with PTC124 and gentamicin were observed when all animals were
considered; however, the young animals contributed most substantially to the treatment effect.
In the middle-aged and older mice, fiber loss with relatively high levels of background staining

was observed.
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Figure 9. Summary of Dystrophin immunofluorescence Quantitation by
Treatment Group in Muscle Fibers from mdx' Mice

All Mice Young Mice
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Abbreviations: ANOVA = analysis of variance; MBN = membrane intensity;
PO = oral; RF = ravertant fiber intensity; SC = subcutanecus

Significant changes in creatine kinase values were not seen due to a high level of variability in

this parameter. PTC124 appeared generally safe; no weight loss was observed after 28 days of
treatment.

4.2.5. Preclinical Toxicology and Safety Pharmacology

PTC124 has undergone comprehensive preclinical toxicology and toxicokinetic testing to
support initiation of clinical studies. Studies that have been completed to date include I-day, 7-
day, and 28-day good laboratory practices (GLP) evaluations of oral PTC124 doses up to 2000
mg/kg/day in rats aged 4 to 8 weeks and up to 1500 mg/kg/day in dogs aged approximately 5 to
6 months. GLP safety pharmacology has been assessed with a neurological (Irwin) study in rats,
a pulmonary study in rats, and a cardiovascular (telemetry) study in dogs. GLP in vitro
determinations of genotoxicity and human ether-a-go-go-related gene (hRERG)-channel function,
and assessment of unintended pharmacological effects have been performed. GLP metabolism
studies have included in vivo assessment of drug disposition following administration of 14C-
PTC124 to rats, and in vitro evaluations of cytochrome P450 interactions, hepatic metabolism,
and protein binding.

Inthe 1-, 7-, and 28-day toxicology studies, PTC124 was generally well tolerated even at high
dose levels. The NOAEL for 28 days of treatment was considered to be 1800 mg/kg in the rat
and 1500 mg/kg in the dog. The most consistent clinical findings were transient decreases in
weight gain and decreased food consumption during the first several days of treatment at the
highest doses tested (=1800 mg/kg/day in rats and =1500 mg/kg/day in dogs), with recovery
generally beginning by-1 week despite continued therapy. In dogs treated for 28 days, episodic
vomiting and liquid feces were noted but were observed in both control and treated animals.

Variations in clinical pathology findings were often within the ranges typically observed for
animals of these ages, were not always dose related, and were universally modest in extent.
Possible compound-related findings observed in rats receiving 1800 mg/kg/day of PTC124 for
28 days were minimal decreases in hemoglobin and hematocrit, minimal increases in alanine
aminotransferase and alkaline phosphatase, and minimal increases in cholesterol and
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trighycerides. In dogs receiving 1500 mg/kg/day of PTC124 for 28 days, there was also the
suggestion of minimal increases in alkaline phosphatase, triglycerides, and cholesterol.

[ncreases in liver weights were apparent, particularly in rats treated at 21800 mg/kg for 7 or 28
days but also in dogs treated at 1500 mg/kg/day for 28 days. Also notable were decreases in
submandibular salivary gland weights after 28 days of treatment in both rats and dogs at the
highest dose levels. In rats, statistically significant decreases in thymus weights were noted in
the 7-day study at the highest dose level. Significant decreases in thymus weights were not
present in the rat 28-day study. When evaluated for 28 days at the 1800-mg/kg dose level in rats,
males were noted to have moderately decreased prostate weights, while females were noted to
have moderately decreased heart, ovary, and adrenal weights. The organ weight changes were
not accompanied by any adverse microscopic pathology abnormalities and all organ weight
changes reversed upon drug withdrawal.

There were no notable macroscopic pathology findings at either the end-of-treatment or end-of-
recovery sacrifices. On histopathologic examination, hyperkeratosis of the nonglandular
stomach was observed in rats receiving PTC124 for 7 and 28 days at doses >1800 mg/kg.
Hepatocellular hypertrophy was seen at the end-of-treatment sacrifice for rats given

1800 mg/kg/day, but was not considered adverse. No microscopic findings were noted at the
recovery sacrifices.

Available TK data (from the 1-, 7-, and 28-day studies in rats and dogs) indicate that these
toxicology findings where obtained in the context of substantial exposures to PTC124 over the
duration of these studies. PTC124 was orally absorbed with time of maximum concentration
{(Tmax) values of ~4 to 8 hours in both species. Day | Cpax values averaged >200 pg/mL in rats
receiving 21800 mg/kg and >150 pg/mL in dogs receiving 1500 mg/kg. The respective AUCq.24
values at these same dose levels were ~4000 pg-hours/mL in the rat and 2000 pg-hours/mL in the
dog. PTCI124 plasma levels steadily declined after reaching Crax, and the mean terminal-phase
t12 was ~3 hours in both the rat and the dog. While the Crax and AUCq24 values rose with dose,
increases were generally less than dose proportional. In rats, the Cinax and AUCq.24 values were
increased by ~150-200% on Day 7 and Day 28 relative to Day 1. By contrast, in dogs the Ciay
and AUCo.24 values were decreased by ~40% on Day 7 and Day 28 relative to Day 1. The TK
profiles appeared similar in males and females of both species.

In safety pharmacology studies, no adverse neurological or pulmonary effects were noted in rats
and no adverse cardiovascular effects were noted in dogs. The NOAELSs for Irwin observations
and for pulmonary function effects were both considered to be 2000 mg/kg in the rat, while the
NOAEL for cardiovascular effects was 1500 mg/kg/day in the dog.

In order to address the possibility that PTC124 might nonspecifically permit ribosomes to read
through normal stop codons in vivo, protein elongation assessments were also performed in
special rat and dog toxicology studies. PTC124 was given by daily oral gavage over 14 days at
doses ranging from 200 to 1800 mg/kg/day in male and female rats, and from 500 to 1500 mg/kg
in male dogs. Vehicle-treated and pair-fed animals comprised controls. Tissues (heart, kidney,
liver, lung, small intestine, mandibular salivary glands, thymus, and peripheral blood
mononuclear cells) were coliected between 2 and 8 hours after the last daily PTC124 dose.
Tissue extracts were evaluated by Western blotting to determine if PTC124 induced abnormal
elongation of selected high-abundance proteins (vimentin, a-actin, Ul small nuclear
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ribonucleoprotein A, and cofilin in the rat; glyceraldehyde-3-phosphate dehydrogenase, B-actin,
and cofilin in the dog) representing each type of stop codon (UAA, UAG, UGA). Despite the
expected occurrence of toxicological effects and high drug exposure levels, there was no
evidence of a PTC124 effect on nonspecific ribosomal readthrough of normal stop codons,

Evaluations of PTC124 in the Ames test in several bacterial tester strains and with the
chromosomal aberration test in Chinese hamster ovary (CHO) cells indicate that PTC124 is
unlikely to be mutagenic or genotoxic. Testing for clastogenic potential of PTC124 in the rat
micronucleus assay was similarly negative at all doses tested including the maximum dose of
1600 mg/kg.

The hERG-channe! assay demonstrates that PTC124 is unlikely to induce QT interval
prolongation. Similarly, PTC124 showed no evidence of substantial ancillary pharmacological
activities against clinically relevant enzymatic and receptor targets, as assessed in the routine
off-target pharmacological profiling panel performed by NovaScreen Biosciences Corporation,
Cleveland, OH.

Evaluation of PTC124 in long-term GLP toxicological studies in rats and dogs is in progress.

4.2.6. Drug Metabolism

Administration of *C-PTC124 PO to rats resulted in recovery of approximately 80% of
administered radioactivity in feces and approximately 20% in urine. The radioactive
pharmacokinetic (PK) profile had 2 Cy, values, suggesting the prospect of absorption at =1 site
in the gastrointestinal tract and/or enterohepatic circulation. There were no apparent gender-
related differences in absorption, distribution, or elimination in rats. In vitro metabolism studies
document that approximately 15% of PTC124 is converted to a methyl ester by human
hepatocytes; this metabolite has been shown to have minimal activity in in vitro assays of
nonsense suppression, As expected given its low solubility, PTC124’s protein binding was high
in all species. PTC124 does not appear to interfere with the metabolism of known cytochrome
P450 substrates in a hepatic microsome assay.

4.3. Rationale for Use

Based on the preclinical activity and mechanism of action studies available to date, PTC124 has
demonstrated the potential to offer an orally bicavailable therapy for patients with nonsense-
mutation-induced DMD by specifically and selectively promoting ribosomal readthrough of
dystrophin mRNA containing a premature stop codon. Furthermore, preclinical toxicity,
toxicokinetic, safety pharmacology, genotoxicity, and drug metabolism studies confirm that
PTC124 has the potential to treat DMD and other genetic disorders safely.

4.4. Proposed Clinical Development of PTC124

4.4.1. Overview

In the initial stages of the clinical development program, PTC Therapeutics proposes to conduct
clinical trials leading toward registration of PTC124 in the treatment of patients who have
nonsense-mutation-mediated DMD. Based on currently available information, the preliminary
clinical development plan for DMD calls for conduct of 4 clinical trials to evaluate PTC124’s
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safety, activity, and PK, and to document its ability to significantly improve relevant surrogate
markers and clinical benefit endpoints. These studies include 2 Phase 1 studies in healthy
volunteers, and 1 Phase 2 and 1 Phase 3 study to evaluate activity, efficacy, and safety in patients
with DMD. The plan for clinical studies is outlined below and is expected to evolve as
additional preclinical and clinical data become available, further opinion is obtained from
experts in the therapy of DMD and other genetic disorders, and consultation with the FDA
occurs.

The drug’s mechanism of action and the available preclinical data suggest that PTC124 may be
effective in the treatment of other genetic disorders mediated by nonsense mutations. PTC
Therapeutics anticipates developing this product for use in cystic fibrosis. The company
submitted an application and was granted orphan product designation for use of PTC124 in the
treatment of cystic fibrosis resulting from a nonsense (premature stop codon) mutation in the
cystic fibrosis transmembrane conductance regulator gene [14].

4.4.2. Healthy-Vofunteer Phase 1 Studies
4.4.2.1. Phase 1 Single-Dose Study

Phase 1 clinical testing began with a single-site, randomized, double-blind, placebo-controlled,
escalating single-dose safety and PK study of PTC124 in healthy young adult volunteers. This
study was initiated in June of 2004 and completed accrual in August 2004. The trial was
designed to evaluate safety, PK, palatability, and the influence of food on drug absorption. The
trial was conducted in 2 stages: dose finding was performed in Stage 1 over a range of PTC124
doses from 3 to 200 mg/kg, and food effects were evaluated in Stage 2 in subjects receiving a
PTC124 dose of 50 mg/kg.

The results indicate that oral administration of single doses of PTC124 through doses of 100
mg/kg can safely achieve target plasma concentrations exceeding the 10- to 20-pg/mL values
that were maximally active in vitro in mdx myocytes (see Section 4.2,1.2). Transient mild
gastrointestinal events (nausea, vomiting, and diarrhea) and headache were commonly noted at
drug levels of 150 and 200 mg/kg and appeared to be drug-related. Findings of dizziness in
several subjects, and delayed elevations of serum ALT and AST in a single subject treated at 200
mg/kg were of uncertain relationship to study drug. Other events without a dose-response
relationship and with alternative medical explanations included eye pain, eye swelling, eye
burning, nipple sensitivity, breast tenderness, musculoskeletal chest pain, elevated serum CK,
elevated LDH, elevated aldolase, and elevated serum triglycerides; these events appeared
unlikely to be drug-related. The formulation was generally palatable; there was no odor reported
and objectionable bitterness and grittiness were noted only at doses >100 mg/kg. Based on
evaluation of all adverse events, laboratory parameters, ECGs, and palatability assessments, the
maximum well-tolerated dose was estimated to be 100 mg/kg.

PTC124 PK foilowed a 1-compartment model. Based on values from the model, mean Tiax
occurred at ~1 to ~3 hours and the mean t;2 ranged from ~2 to 5 hours, At the maximum well-
tolerated dose of 100 mg/kg, the mean Cpgx was 206.7 pg/ml. and the mean AUCq.24 was 2047
pg-hours/mL. Increases in Crax were generally proportional to PTC124 dose. Increases in AUC
values were somewhat greater than dose proportional as the dose increased from 3 mg/kg to 150
mg/kg but were less than dose proportional in the transition from 150 mg/kg to 200 mg/kg. No
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sex-related differences in PK parameters were observed. Ingestion of a high-fat, high-calorie
meal just prior to administration of 50 mg/kg of PTC124 did not alter Crax. The meal only
modestly increased AUC by shifting the mean Ti from a fasting value of ~1.2 hours to a fed
value of ~1.8 hours and by lengthening the mean ti» from 3.4 hours to 4.2 hours.

4.4.2.2. Phase 1 Multiple-Dose Study

This will be a Phase 1 escalating multiple-dose, single-site, safety, and PK study in healthy
volunteers >18 and <30 years of age. Enrollment and follow-up are planned to occur from
October to January 2005. The study will be conducted in 2 stages. In Stage 1, the safety and PK
profile during 7 consecutive days of dosing will be evaluated aver a range of PTC124 doses in 4
cohorts of 6 subjects each (3 males, 3 females). Based on available nonclinical and clinical
pharmacology, safety, and PK data, planned dose levels in Stage 1 are 10, 20, 30, and 50 mg/kg
twice per day (BID) given with food over the planned 7 days (resulting in total daily doses of 20,
40, 60 and 100 mg/kg/day). Once the subjects enrolied to the highest safe dose level in Stage 1
have completed the required follow-up, 6 newly recruited subjects (3 males and 3 females) will
be enrolled in Stage 2 to evaluate the effect of 14 consecutive days of dosing on the safety and
PK of PTC124. These subjects will also receive PTC124 BID with food. In Stage 2, the dose
level will be determined by the study monitor based on analysis of the collective safety and PK
data from Stage | of the study.

4.4.3. Duchenne Muscular Dystrophy Phase 2 and 3 Studies

PTC Therapeutics proposes to conduct 2 clinical trials leading to registration of PTC124 in the
treatment of patients who have nonsense-mutation-mediated DMD (as determined by sequencing
of each patient’s dystrophin gene to document the presence of a premature stop codon).

4.4.3.1. Phase 2 Pharmacodynamic Study

The first study will be a 6-month, Phase 2, randomized, dose-ranging efficacy, safety, and PK
study in 18 to 24 boys (ages 23 years). This study will be conducted in 2 stages: in Stage 1, the
activity, safety, and PK effects of a range of 2 dose levels will be evaluated in each patient
during two 6-week cycles (4 weeks on therapy followed by 2 weeks of rest); in Stage 2, efficacy
and safety parameters will be followed in the same patients during continuous PTC124 therapy
administered for 3 months at the highest individually tolerable dose level identified in Stage 1.
The primary endpoint will be evaluation of immunofluorescence for dystrophin protein in the
skeletal muscle (eg biceps or tibialis anterior). Pharmacological activity will also be assessed by
effects on additional efficacy measures (serum creatine kinase, urinary creatinine excretion,
standardized muscle strength evaluations, timed function tests, overall functional grade for upper
and lower extremities, and maximum hand-held weight that can be lifted while sitting). In
addition, patients will undergo evaluations for PTC124 PK.

4.4.3.2. Phase 3 Clinical Benefit Study

Following the Phase 2 study, PTC Therapeutics proposes to sponsot a 6-month, Phase 3,
randomized, placebo-controlled, double-blind, efficacy and safety study in 48 boys (ages =3
years) to document PTC124-mediated quantitative improvements in muscle strength as the
primary endpoint. Additional measures of clinical benefit (timed function tests, overall
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functional grade for upper and lower extremities, and maximum hand-held weight that can be
lifted while sitting), will also be evaluated. Pharmacological activity will also be assessed by
confirmation of dystrophin expression by muscle biopsy, change in serum creatine kinase, and
urinary creatinine excretion. If successful, data from the Phase 2 and Phase 3 studies will form
the basis for submission of the New Drug Application to the FDA.

PTC Therapeutics will working closely with the Division of Neuropharmacology Drug Products
to ensure early conformance with applicable regulatory requirements and acceptability of the
study design of the clinical studies prior to their initiation. -

5. CLINICAL SUPERIORITY

As noted in Section 3.1 above, current therapies for DMD are palliative and supportive, offering
only partial relief from disease-related symptoms. Most DMD patients will suffer substantial
morbidity, compromised quality of life, and a greatly reduced life expectancy. New, more
effective therapies aimed at correcting the DMD phenotype by inducing production of full-
length, functional dystrophin protein are clearly needed. Nonsense mutations are the basis for
approximately 10-15% of the individual cases of DMD [7]. Drug treatment approaches that
selectively promote ribosomal readthrough of nonsense mutations in mRNA have the potential to
treat genetic disorders such as DMD.

As has been shown in preclinical systems, existing drugs such as the aminoglycoside group of
antibiotics, which have translation-modifying mechanisms of action, can suppress the effects of
nonsense mutation. Intravenous administration of gentamicin has been shown to induce full-
length dystrophin production as shown by immunofluorescence staining for protein in the biceps
muscle in a pilot study [10]. While these data are encouraging in documenting proof of concept,
the serious renal toxicities, otic toxicities, and the inconvenience of parenteral administration,
preclude the long-term clinical use of high-dose gentamicin.

Based on the high unmet medical need and the inadequacies of chronic aminoglycoside therapy
for DMD, there has been considerable interest in the identification of more suitable, small-
molecular-weight, synthetic, orally bioavailable compounds with the ability to promote
readthrough of disease-causing nonsense mutations. PTC124 represents such a drug;
development of PTC124 offers a unique approach to the treatment of DMD, coupling the testing
for a specific type of gene defect with an orally bioavailable, practical-to-deliver small molecule
therapy that has the potential to correct the phenotypic expression of that genetic defect, and thus
to significantly improve disease-related morbidity and mortality.

6. MEDICAL PLAUSIBILITY OF SUBSET

Given the specificity of PTC124 for nonsense mutation suppression, its activity is expected to be
limited to patients with DMD who have a premature stop codon in the dystrophin gene as the
basis for disease. Activity is not anticipated in patients who have DMD due to deletions,
missense, or frameshift mutations in the alleles of the gene. This contention is supported by a
proof-of-concept study in which topical application of intranasal gentamicin was evaluated for
anatomic and functional activity in patients with cystic fibrosis [15]. Only those patients with at
least 1 nonsense mutation in the cystic fibrosis transmembrane regulator gene responded to
gentamicin nonsense suppression therapy. Patients with other mutation types (eg, deletions or
missense mutations) showed no evidence of protein production or activity. Given the nature of
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its mechanism of action, Phase 2 and Phase 3 clinical development of PTC124 in DMD must be
limited to patients with nonsense mutations who have the potential to have some clinical benefit.
Accordingly, product labeling would be similarly restricted to a subset of patients with DMD,

7. REGULATORY STATUS & MARKETING HISTORY

In the United States, PTC Therapeutics submitted an Investigational New Drug Application
(IND 48,648) to the Division of Pulmonary and Allergy Drug Products in May 2004 and the
Phase | clinical program was initiated in mid-June 2004. This IND is supporting the Phase 1
single-dose trial and Phase 1 multiple-dose trials (see Section 4.4.2). As appropriate, it Is
intended that PTC Therapeutics will have an end-of-Phase | meeting with the Division to discuss
plans for the Phase 2 and Phase 3 studies in patients with cystic fibrosis. The company also
plans to hold a pre-IND meeting with the Division of Neuropharmacology Drug Products and
file an IND (PIND 68,431) in the first quarter of 2005 to support the initiation of a Phase 2 study
in DMD.

There have been no clinical studies, regulatory filings or regulatory actions in any other country,
and PTC124 has never been marketed for any purpose.

8. PREVALENCE OF THE DISEASE

It is possible to estimate the prevalence of patients with DMD who might be eligible for PTC124
treatment in the United States in the Year 2004 by constructing a mode! based on birth rate data,
the projected annual incidence of the disease, the projected median survival for the disease over
time, and the proportion of patients who have a nonsense mutation as the basis for the disease.
An upper bound on the number of people in the United States with DMD in 2004 was estimated
based on the following information and assumptions,

» The numbers of yearly live births in the United States since 1960 were obtained from official
sources [16]. From 1960 to 2002, yearly data regarding the number of births are available.
Given the fact that the number of births in 2002 was actually lower than in 2001, the number
of births in 2003 and 2004 (years for which data are not yet available) were assumed to be
the same as in 2002.

o The number of yearly live male births in the United States was calculated by multiplying the
number of births in a given year by the proportion of those births expected to be male. This
proportion (1048 male births for every 1000 female births) has not appreciably changed over
the last half century [16]. '

» Based on data generated in several locations in the United States and over several decades
[17], it was assumed the incidence of DMD was constant over the period 1960 to 2004 at 300
per 10° live male births. The use of this figure may provide a slight overestimate because
most incidence calculations fall in the range between 250 and 300 per 10° live male births
[17.

e Asshown in Table 2, published data provide estimates of survival in patients with DMD by
decade over the time span between 1960 and 2002 [18]. These data indicate a survival
improvement that has been attributed primarily to introduction of ventilatory support during
adolescence [18,19]. It has also been speculated that other supportive therapies may have
played a role (eg, medical reduction of cardiac afterload, early application of antibiotics for
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infections, corticosteroid use to main muscle strength, and spinal surgery to improve posture)
[18, 20]. All of these treatments have become established as part of routine care by the
1990s, From these data, a linear function can be derived that estimates the median survival
for any given calendar year:

Median survival (years) = (.2025*Year-383.09

Using this equation, the median survival in 2004 can be projected as 22.8 years.

Table 2. Estimated Median Survival
Since 1960 in Patients with DMD

¢ For each year of birth from 1960 to 2004, the number of patients with DMD born in that year
who are still alive in 2004 was estimated from an exponential survival curve defined by the

Time Period Mem&'; :»:;;vwai
1860-1969 14
1970-1979 18
1980-1989 19.5
1880-2002 20.5

2004 22.8*

*Projected using linear equation (y=0.2025 *Year-383.09)
Reference [18]
Abbreviation: DMD = Duchenne muscular dystrophy

median survival obtained from the above function.

Table 3 depicts the estimated prevalence of DMD in 2004, based on these assumptions.

Table 3: Estimated Prevalence of DMD in the Year 2004
Based on Birth Data and Survival Estimates Since 1960

Number of Cumulative
rumber | Number | Ve | probability DMD | Total Number of
Year Male of Births Survival of Surviving Patients. DM_D Patients
Births with DMD tyrs) to 2004 Still Alive in Still Alive in
2004 2004
1960 | 2231113 | BeO | 189 | T O0A | 74 | 74
1961 2236603 B71 14.1 0.121 81 155
1962 2183698 885 14.3 0.131 86 241
1963 2147362 644 14.5 0.141 81 332
1984 2110405 833 14.7 0.152 98 428
1965 1970428 581 14.9 0.163 96 524
1966 1880688 567 15.1 0.175 g9 823
1967 | vsaamgs | 583 | 153 | o1gy | 104 _ [ 72T
1968 | 1834820 550 155 0.200 110 837
1968 1886508 566 15.7 0.214 121 958
1970 | 1955246 587 159 0.227 133 1091
16871 1863328 §59 168.1 0.242 136 1227
1972 1707407 512 18.3 0.257 131 1358
1873 1643770 493 16.5 0.272 134 1492
1874 | 1853818 457 167 | bz88 | T4a_ | 1636
1875 1647560 494 16.9 0.305 161 1787
1876 1659921 498 171 0,322 160 1947
1977 17431586 523 17.3 0.340 178 2125
1978 1746638 524 17.5 0.358 187 2312
1979 1831065 543 17.7 0.377 207 2519
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Table 3: Estimated Prevalence of DMD in the Year 2004
Based on Birth Data and Survival Estimates Since 1960

Number Median . Number of Cumulative
of Live Number DMD Probability DMD Total Number of
Year Male of Births Survival of Surviving Patients DMD Patients
Births with OMD (ys) to 2004 Still Alive In Still Alive in
2004 2004

1980 1892823 568 17.9 . 0.396 224 2743
tset | teo7ar | 571 |18 | oats | T 287 [T 2080

1982 1928601 579 18.3 0.436 252 3232

1983 1906801 572 18.5 0.458 261 i 3493

1984 1922630 577 18.8 0.477 275 i 3769

1985 1970534 591 19.0 0.499 205 4064

1986 1968431 - 581 i 19.2 0.621 308 4372

1987 1996122 589 : 19.4 0.544 325 4597
1988 | 2048583 615 196 | oeger | %8 1 5046 |

1989 2117462 535 ; 18.8 0.591 . 375 5421

1890 2178902 B854 ; 20.0 0.615 402 5823

1991 2154115 646 ; 20.2 0.640 414 6237

1992 2130067 639 i 20.4 0.665 425 6662

1983 20068126 829 i 206 0.680 434 7096

1894 2071250 821 i 208 0.716 445 7541

1095 | 2043385 | 613 | 210 | 0743 a5 | 79%6 |

1996 2039143 612 i 21.2 0.770 471 8467

1897 2033588 610 214 0.797 486 8953

1998 2065374 6520 216 0.825 511 9464

1999 2074735 522 218 0.853 531 9995

2000 2126819 638 220 © 0.882 562 10557

2001 2108589 633 22.2 0.911 577 11134

2002 | 210734 | 632 | 224 : 0040 | 7884 T 11728

2003 2107384 632 228 : 0.970 613 12341 ]

2004 2107384 832 228 i 1.000 632 12073

Abbreviation: DMD = Duchenne muscular dystrophy

The resulting Year 2004 prevalence for the United States was calculated to be 12,973 patients.
This figure appears to correspond appropriately with data regarding known DMD patients
documented in the Muscular Dystrophy Association (MDA) registry. The Year 2004 estimated
value of 12,973 compares with an MDA registry value of approximately 8,100 patients {Dr.
Sharon Hesterlee, MDA — personal communication). These values are consistent when it is
considered that the projected prevalence number for the total population is probably an
overestimate due to use of a high incidence rate and the registry value almost certainly represents
an underestimate due to underreporting.

It has been estimated that 13% of the patients with DMD in the United States have the disease
secondary to a nonsense mutation [7]. Because PTC124 therapy can only be applied in this
proportion of the total population with DMD, the estimated prevalence of patients for which the
drug will be indicated is <2000 in 2004. This figure is well below the 200,000 upper bound for
orphan product designation.

9. PARTY OF INTEREST IN DEVELOPMENT, MANUFACTURING, AND
SALES

PTC Therapeutics, Inc. is the sole party of interest in the development, manufacturing, and
intended sales of PTC124 in the United States.

PTC Therapeutics, Inc ~Confidential
Page 20




Orphan Drug Designation Request for PTC124 22 Qctober 2004

10. BIBLIOGRAPHY

1.  Worton RG, Molnar MJ, Brais B and Karpati G. The muscular dystrophies. In: Scriver CL,
Beaudet AL, Sly WS, Valle D, eds. The metabolic and molecular basis of inherited disease.
8th ed. Vol. 4. New York: McGraw-Hill, 2001:5493-523

2. Flanigan KM, von Niederhausern A, Dunn DM, Alder J, Mendell JR, Weiss RB. Rapid
direct sequence analysis of the dystrophin gene. Am J Hum Genet, 2003 Apr;72(4):931-9.

3. Mendell JR, Moxley RT, Griggs RC. Randomized, double-blind six-month trial of
prednisone in Duchenne's muscular dystrophy. N Engl J Med 1989 Jun; 320(24): 1592-7

4, Griggs RC, Moxley RT 3rd, Mendell JR, Fenichel GM, Brooke MH, Pestronk A, Miller JP.
Prednisone in Duchenne dystrophy. A randomized, controlled trial defining the time course
and dose response. Clinical Investigation of Duchenne Dystrophy Group. Arch Neurol.
1991 Apr; 48(4): 383-8

5. Florence JM, Pandya S, King WM, Robison JD, Baty J, Miller JP, Schierbecker J, Signore

LC. Intrarater reliability of manual muscie test (Medical Research Council scale) grades in
Duchenne's muscular dystrophy. Phys Ther..1992 Feb;72(2):115-22; discussion 122-6

6. McDonald CM, Abresch RT, Carter GT, Fowler WM Jr, Johnson ER, Kilmer DD, Sigford
BJ. Profiles of neuromuscular diseases. Duchenne muscular dystrophy. Am J Phys Med
Rehabil. 1995 Sep-Oct;74(5 Suppl):8§70-92

7. Flanigan KM. The Utah Dystrophinopathy Project: Translational research in the
dystrophinopathies. Annual Conference of Parent Project Muscular Dystrophy 2004.
http://www.parentprojectmd.org/ppmd/conference/pdfs2004/2004_flanigan_mutations.pdf

8. Barton-Davis ER, Cordier L, Shoturma DI, Leland SE, Sweeney HL. Aminoglycoside
antibiotics restore dystrophin function to skeletal muscles of mdx mice. J Clin Invest. 1999
Aug;104(4):375-81

9. Wagner KR, Hamed S, Hadley DW, Gropman AL, Burstein AH, Escolar DM, Hoffman EP,

Fischbeck KH. Gentamicin treatment of Duchenne and Becker muscular dystrophy due to
nonsense mutations. Ann Neurol. 2001 Jun;49(6):706-11.

10. Politano L, Nigro G, Nigro V, Piluso G, Papparella S, Paciello O, Comi LI. Gentamicin
administration in Duchenne patients with premature stop codon. Preliminary results. Acta
Myol. 2003 May;22(1):15-21

11. Howard M, Frizzell RA, Bedwell DM, Aminoglycoside antibiotics restore CFTR function
by overcoming premature stop mutations. Nat Med. 1996 Apr; 2(4): 467-9.

12. Bedwell DM, Kaenjak A, Benos DJ, Bebok Z, Bubien fK, Hong J, Tousson A, Clancy JP,
Sorscher EJ. Suppression of a CFTR premature stop mutation in a bronchial epithelial cell
line, Nat Med. 1997 Novy; 3(11): 1280-4

13. Howard MT, Anderson CB, Fass U, Khatri S, Gesteland RF, Atkins JF, Flanigan KM.
Readthrough of dystrophin stop codon mutations induced by aminoglycosides. Ann Neurol
2004; 55: 422-26

PTC Therapeutics, In¢ =Confidential
Page 21




Orphan Drug Designation Request for PTC124 22 October 2004

14,

15,

19.

20.

Haffner ME. Designation Request #04-1920: Orphan drug designation for use of PTC124
in the treatment of cystic fibrosis resulting from a nonsense (premature stop codon)
mutation in the cystic fibrosis transmembrane conductance regulator gene. FDA Letter of
Designation. 2004 September 1.

Wilschanski M, Yahav Y, Yaacov Y, Blau H, Bentur L, Rivlin J, Aviram M, Bdolah-Abram
T, Bebok Z, Shushi L, Kerem B, Kerem E. Gentamicin-induced correction of CFTR
function in patients with cystic fibrosis and CFTR stop mutations. N Engl J Med. 2003 Oct

- 9;349(15):1433-41
16..

Martin JA, Hamilton BE, Sutton PD, Ventura SJ, Menacker F, Munson ML. Births: Final
Data for 2002 national vital statistics report 2003; 52(10): 1-114
http://www cdc.gov/nchs/data/nvsr/ nvsr$2/nvsr52_10.pdf.

Emery AE. Population frequencies of inherited neuromuscular diseases--a world survey.
Neuromuscul Disord. 1991;1(1):19-29.

. Eagle M, Baudouin SV, Chandler C, Giddings DR, Bullock R, Bushby K. Survival in

Duchenne muscular dystrophy: improvements in life expectancy since 1967 and the impact
of home nocturnal ventilation. Neuromuscul Disord, 2002 Dec;12(10):926-9.

Simonds AK, Muntoni F, Heather S, Fielding S. Impact of nasal ventilation on survival in
hypercapnic Duchenne muscular dystrophy. Thorax, 1998 Nov;53(11):949-52. Comment
in: Thorax. 1999 Jun;54{6):564. '

Emery AE. The muscular dystrophies. Lancet. 2002 Feb 23;359(9307):687-95,

PTC Therapeutics, Inc —Confidential
Page 22




Exhibit B




Downloaded from adc.brj.com on 31 July 2008

Update on the management of Duchenne muscular
dystrophy
Adnan Y Manzur, Maria Kinali and Francesco Muntoni

Arch. Dis. Child. published online 30 Jul 2008;
doi:10.1136/adc.2007.118141

tUpdated information and services can be found at;
http:ffade.bmj.com/icgifcontentfabstract/ade.2007.118141v1

Rapid responses

Email alerting
service

These include:

You can raspond ta this article at:
hitp:ffade.bmj.com/cglieletter-submitiade.2007.118141v1

Receive free email alerts when new articles cite this article - sign up in the box at the
top right corner of the article

Notes

Oniine First contains unedited articles in manuscript form that have been peer reviewed and
accepted for publication but have not yet appeared in the paper journal (edited, typeset versions
may be posted when available prior to final publication). Online First articles are citable and
establish publication priority; they are indexed by PubMed from initia! publication. Citations to
Online First articles must include the digital object identifier (DOls) and date of initial publication.

To order reprints of this article go to:
http:ifjournats.bmj.comfcgilrgprintform

To subscribe to Archives of Disease in Childhood go to:
http/{journats.bmj.comisubscriptions/



Downloaded from adc.smj.com on 31 July 2008

ADC Online First, published on July 30, 2008 as 10 1136/adc.2007.118141

Update on the management of Duchenne muscular dystropby
Adnan Y Manzur, Maria Kinali, Francesco Muntoni

Dubowitz Neuromuscular Centre, Department of Paediatric Neurology, Great
Ormend Street Hospital for Children, Institute of Child Health, London, UK.

Disclosures

Adnan Manzur is the lead clinician for UK North Star Clinical Network for Paediatric
Neuromuscular Disorders, which is in part funded by Muscular Dystrophy Campaign
UK. Francesco Muntoni and Maria Kinali are involved in the phase I/lla trial using
morpholino antisense oligomers in DMD. The study is funded by the Department of
Health and Imperial College London is the study sponsor.

The Corresponding Author has the right to grant on behalf of all authors and
does grant on behalf of all authors, an exclusive licence (or non exclusive
for government employees) on a worldwide basis to the BMJ Publishing Group Ltd
and its Licensees to permit this article (if accepted) to be published in ADC and any
other BMJPGL products 1o exploit all subsidiary rights, as set out in our licence

(hitp:{fade.brni.comliforallicence. pdf).

The three authors have no financial competing interests to declare.

Correspondence to:
Dr Adnan Y Manzur
Consuitant Paediatric Neurologist
Great Ormond Street Hospital for Children NHS Trust
* Great Ormond Street,
London WC1N 3JH
Email: manzua@gosh.nhs.uk

1
Copyright Articte author (or their employer) 2008. Produced by BMJ Publishing Group Ltd (& RCPCH) under licence.




Downloaded from ade bmj.com on 31 July 2008

Summary

Duchenne Muscular Dystrophy {DMD) is familiar to paediatricians as the most
common childhood muscular dystrophy, leading to severe disability and early death
in late teenage vears, if untreated. Improvement in general care, glucocorticoid
corticosteroid treatment, non-invasive ventilatory support,' cardiomyopathy and
scoliosis management have significantty changed the course of the DMD in treated
individuals, so that survival into adulthood is now a realistic possibility for most DMD
patients. This has important implications for the medical and social sectors to provide
transition to adult medical services, suitable employment, and social care.
Multidisciplinary team working for optimal management of the DMD-specific
multisystem complications is essential, and collaboration in disease specific national
clinical networks is recommended. Several curative therapeutic strategies including
cell and gene therapy in DMD are being pursued, but these are sftill at an
experimental stage.

Key words: Duchenne muscular dystraphy, management, therapy, North Star clinical
network. '

Introduction

Duchenne Muscular Dystrophy (DMD) affects 1 in every 3,500 live male births,
Paediatricians are familiar with the course of untreated DMD: common prasentation
is with abnormal gait, calf hypertrophy and difficulty in rising from the floor between 2
to 5 years of age *. Progression of muscle weakness and leg contractures leads to
loss of walking and complete wheelchair dependence, at a mean age of 9.5 years,
and the ensuing early teenage years are marked by deveio'pment of progressive
scolipsis. The leading cause of death is respiratory insufficiency in the late teens or
early twenties, though a minority demise because of cardiac complications such as
dilated cardiomyopathy. Feeding difficulties and weight loss are common in the late
stages of the disease.

No curative treatment for DMD is yet known, but advances in management over the
last two decades have altered the natural history of DMD, so that most of these
individuals can now be anticipated to survive into adulthoed, The multisystem
complications of DMD necessitate a multidisciplinary team approach for optimal
surveillance and management (tabie 1). This review describes the advances in
management and outlines the challenges to paediatric practice to achieve early
diagnosis, the best possible outcome, quality of life and transition to adulthood.
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Table 1. The multidisciplinary team for management of DMD. The predictable
evolution of disease course and multisystem complications in DMD allows a
plan for input from various disciplines at the appropriate time.

Core team.
Continuous follow up Complication
through childhood dependent follow up
Doctors Paediatrician Geneticist
Neurologist Muscle histopathologist
GP Orthopaedic surgeon
Pulmonolgist / intensivist
Cardiologist
General surgeon
Therapists Physiotherapist Orthotist
Dietitian
Spesch and language
therapist

Oceupation therapist

Wheel ¢chair specialists

Psychologist

Other associated | Hospital / community Family care officer
professionals nurse

Social services worker

Genetics and Pathophysiology

A brief review of the molecular genetic basis of DMD is necessary to understand the
approach to diagnosis and limitations of the various diagnostic techniques. DMD is
caused by mutations in the Dystrophin gene on the X chromosome at Xp21. The
dystrophin locus contains 85 exons and encodes for a large but low abundance protein,
named dystrophin 2. Dystrophin is a rod shaped molecule, which localises at the
cytoplasmic side of the sarcolemma: one end binds to the dystrophin associated
glycoprotein complex at the sarcolemma while the other end binds to the cytoskeletal
actin. Dystrophin is postulated to be essential for force transduction by providing a
indirect link between the contractile apparatus in the muscle fibre with the extracellular
matrix, The mutations in the dystrophin gene which result in DMD cause disruption of
the reading frame, resulting in a severe reduction or complete absence of dystrophin in
the skeletal and cardiac muscle, which in tum leads to mechanically induced
sarcolemmal damage, loss of intracytoplasmic calclum homeostasis, and muscle
fibre degeneration. Several dystrophin Isoforms are also expressed in brain and their
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deficiency in this tissue is responsible for the mental retardation which complicates
the course of DMD in approximately 1/3 of cases.

Approximately 65% of patients with DMD have intragenic out-of-frame (gross
regrrangements) deletions and approximately another 10% have duplications of one
or more exons of the dystrophin gene. The remaining patients have point mutations
or other smaller gene rearrangements (pure intronic deletions, insertions of repetitive
sequences, splice site mutations). As a general rule out-of-frame dystrophin gene
mutations lead to a severe reduction or absence of dystrophin in the muscle resulting in
DMD phenotype, whereas in-frame mutations lead to the expression of abnormal but
partly functional truncated dyétrophin protein, resulting in the milder Becker muscular
dystrophy (BMD). The frame shift hypothesis holds true for over 80% of cases and is
commonly used both for diagnosis and for differentiating between DMD and BMD.
There are important exceptions to the frame shift rule; in-frame mutations in the gene
coding for the crucial actin-binding demain of dystrobhin protein may cause the
Duchenne severity phenotype, where as some out of frame mutations are associated
with BMD 2,

The X linked recessive inheritance of DMD is well recognized, but there is a high
incidence of new mutations and two-thirds of the cases do not have a positive family
history at presentation.

Diagnosis

Delay in diagnosis of cases without a family history, to over four and half years of
age, continues to be a problem ®. The principal reasons for missing the diagnosis on
parents initial contact with the health professionals, is the failure to see the child
“running” and rising from the floor (thereby missing the valuable clues of waddling
gait and Gowers' manceuvre). In addition it is often not appreciated that that global
developmental delay is a frequent early presentation of DMD *. Table 2 lists the
various presentations of DMD.

Table 2. The varicus presentations of DMD

Motor Presentations :

¢ Walking delayed beyond 18 months
Frequent falls
Foot posture abnormalities / deformities
Toe walking
Waddling gait
Difficulty running / rising from the floor
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Non-motor Presentations™

+ Clobal developmental delay

¢ Severe leaming difficulties / “Autism”

+ Failure to thrive

» ‘“lLiver disease” — Elevated ALT, AST discovered incidentally during
investigation of intercurrent or other iliness

+ Myoglobinuria, rhabdomyolytic hyperkalemic, malignant hyperthermia-
like reaction to suxamethonium, halothane or other halogenated
inhaled anaesthetics during anaesthesia

* Motor difficultiss are present when specifically looked for, but are often
missed because the clinical presentation is dominated by other issues.

Serum Creatine Kinase (CK} is massively elevated (10-100 x norma! since birth) and
should be the first investigation when DMD is suspected. A high CK should prompt
urgent specialist referral for confirmation. A normal CK at presentation excludes the
diagnosis. CK levels fall with disease progression reflecting muscle wasting and
reduced physical activity. CK therefore is not a reliable screening test in late
presenters who are already constant wheelchair users. Electromyography (EMG) has
na role in the investigation of DMD and shouid not be requested.

The last decade has seen important advances in molecular genetic testing to identify
Dystrophin gene mutations. As most DMD patients carry deletions in two mutational
hot spots of the gene, the screening of only 19 exons, following amplification of
genomic DNA, could identify mutations in over 65% of cases with DMD 5 An
important limitation of the technique is not only the inability to identify rarer mutations
but also the breakpoint of several common deletions. More recently other testing,
such as multiplex ligation dependent probe amplification method ®, or more recently a
combinatorial strategy using the fluorescent multiplex quantitative PCR followed by
conformation sensitive capillary electrophoresis (CSCE) of the same PCR products
on a multi-capillary genetic analyser’ , have increased the efficiency of mutation
detection close to 100%. These techniques have the additional advantage of being
able to unequivocally detect mutations in carrier females, allowing a precise genetic
counselling of affected families. Mclecular genetic documentation of a dystrophin
mutation confirms dystrophinopathy (dystrophin gene related muscular dystrophy);
determination of the endpoints of the mutation establish the infout-of-frame status,
and may allow assignment of the severity with regards to Duchenne or Becker
phenotype, but exceptions to the frame shift hypothesis have been described 2
Establishing  the precise diagnosis of DMD s therefore best achieved by a
combination of clinical observation of the patient's strength and functional abilities,
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ascertainment of dystrophin levels on muscle biopsy and knowledge of the gene
mutation® .

Dystrophin protein assay on muscle biopsy in DMD shows severe reduction or
complete absence and allows the most robust diagnasis. Muscle sample can be
obtained by a needle biopsy under oral sedation ®. It is our unit policy at the Dubowitz
Neuromuscular Centre to offer a muscle biopsy (in addition to molecular genetic
testing) as the first and confimatory test to boys with suspected DMD, unless there is
positive family history in a sibling, or the presentation is late (after 7 years of age)
when the disease course is clearly in the Duchenne severity range.

Female carriers of DMD: The advances in molecular genstics now allow precise
evaluation of carrier status of the relevant females in the family. In addition to
accurate counselling and antenatal diagnosis, determination of carrier status is
important as carriers have a 10% life time risk of developing cardiomyopathy °, and
this allows institution of appropriate surveillance and treatment protocols.

Physiotherapy and orthoses

Physiotherapy to promote walking and prevent joint deformities, remains important and
detailed recommendations are available '*. Rehabilitation in knee ankle foot orthoses
{KAFOs) is offered to DMD boys at the end of independent ambulation, and is
effective in prolonging walking for an average of 18 months to two years . The
technique entails custom-huilt KAFOs, and used to require surgical release of the
tendon Achilles, to reduce ankle contracture, to allow fitting of KAFOs, and is
generally well tolerated ™. We have recently shown that serial casting of the ankles
can be offered instead of the surgical release of the Achilles tendons in many
cases'.

Glucocorticoid corticosteroids

To date, glucocorticoid corticosteroids have been the most effective medication in DMD,
and¢ a Cochrane systematic review of the glucocorticoids in DMD is available '°,
Randomised controlled trials (RCT) have shown that treatment with prednisone can
stabilise of strength and function for 6 months to 2 years . Prednisone has been the
most widely used medication and the starting dose of 0.75mg/kg/day. Non-randomised
studies with prednisone or deflazacort, have documented prolongation of walking ability,
preservation of respiratory function and reduction in the incidence of scoliosis and
cardiomyopathy in Duchenne boys who tolerated long-term daily dose corticosteroids *.
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Predictably, the daily glucocorticosteroid therapy has significant side effects, notably, in
the short-term weight gain can be a bothersome side effect and dietetic input from
initiation of steroid therapy helps prevent/ ameliorate this side effect. Vertebral fractures
are a significant side effect in approximately a third of the long-term treated patients .
The Dubowitz intermitient regime was recommended to reduce the adverse effects
associaled with the daily steroid regimes; a six month RCT of Prednisone 0.75
mgfkg/day for the 1st 10 days of every month, demonstrated slowing of functional

deterioration '®

, and international RCT to compare daily dose prednisone and
deflazacort with intermittent prednisone regime is planned ™.

A consensus on the role of corticosteroids in DMD is emerging after careful
consideration of pros and cons of long-term steroid treatment, based on expert and

evidence based reviews '© %

. Corticostercids should preferably be started in ali early
ambulant cases {4 - 6 years) and in most of the older ambulant children, unless
contraindicated. Treatment needs to be monitored for benefit, adverse effects. The
optimal starting dose of prednisolone 0.75 mg/kg/day is often not tolerated in the long
term and, over the course of years, careful dose adjustment is required. Regular
reviews, in collaboration with specialist centre allows for appropriate monitoring, dosing
and adverse effects management. Optimising bone health in corticostercid treated
patients includes dietary advice regarding calcium and vitaminr D, and supplementation

if plasma Vitamin D levels are low ¥

. There is currently no evidence that oral
bisphosphonates should be used prophylactically in children receiving steroids;
however their acute administration is recommended in the treatment of veriebral
fractures, where they are very effective.

In the UK, North Star Ciinical Network for Paediatric Neuromuscular Disorders (NSCN)
is a Muscular Dystrophy Campaign UK (MDC) sponsored collaboration between 16
specialist centres caring for boys with DMD  (http:/fwww.muscular-
dystrophy.org/research/northstar/). The clinicians on the NSCN have a consensus on
the treatment and standardised assessment protocols for the wuse of
glucocorticosteroids in DMD, and are prospectively collecting data on a web based
database fo allow audit of clinical practice and refinement of the protocals. It is
anticipated that this approach will standardize the steroid related DMD management In
the UK regardiess of postcode,

Management of respiratory complications
The teenage vears in DMD are marked by worsening respiratory reserve and sleep
hypoventilation, which is a sequel of respiratory muscle weakness, REM sleep, related
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hypoxemic dips # and obstructive apnoeas 2 The resulting symptoms may include
morning drowsiness, poor appetite, headaches, nausea, fatigue, tiredness, poor
concentration at school, failure to thrive, reduced coughing ability or overt respiratory
failure in the course of "minor” respiratory infections. In untreated patients who become
hypercapnic, the survival is less than a year® .

Until recent decades, the cnset of symptomatic sleep hypoventilation signified imminent
demise, as the only way to prolong .life was mechanical ventilation through
tracheostomy, and this was limited by the complex ethical issues of invasive ventilation
of patients with totally incapacitating and incurable disease. in the recent years,
domiciliary non-invasive ventilation {(NIV) has proven effective in symptom relief and
prolonging survival ®. The patient's breathing at night is augmented with breaths
delivered by a compact, portable ventilator with a snugly fitting facial or nose mask. NIV
corrects sleep hypoventilation and affords symptom relief without significant
encroachment on living space or restriction of travel. NIV, and if needed, the use of
cough assist devices, can extend average survival to mid-twenties and in some cases
to the fourth decade 2® #’. This has led to the opinion that denying NIV to hypercapnic
DMD patients is unethical 2 2.

Forced vital capacity (FVC) predicts the development of hypercapnia and survival %,
Regular monitoring for symptoms of sleep hypoventilation, FVC, and ovemight sleep
studies when the FVC falls below 50% allow for timely initiation of NIV. Gradual
initiation of NIV in individuals with noctumal hypercapnia but daytime normocapnia is
a valid approach, as waiting for daytime ventilatory failure exposes patients to minor
chest infections and uncontrolled decompensation®*,

Management of cardiac complications

Dilated cardiomyopathy (DCM) occurs in up to 90% of DMD individuals 218 years *.
The severity of the physical disability of DMD boys in the late teens and later on
masks the clinical symptoms of cardiac failure unless these are very florid;
traditionally cardiomyopathy was considered responsible for death in up to 20% of
DMD individuals; however this proportion is likely to increase over the coming years in
individuals in whom NIV prevents respiratory related mortality. The optimal timing of
introducing therapy for DCM remains an unresolved issue. Duboc et al *' reported that
early treatment with perindopril delayed the onset and progression of prominent LV
dysfunction, and was associated with lower mortality *? in DMD. Some cardiologists
suggest that treatment is not necessary for a complication that is often asymptomatic
for a long time before deteriorating into clear-cut cardiac failure * , although this view
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is at odds with the current evidence on related forms of DCM, in which early
treatment is clearly superior compared to late therapy®. indeed considering the well-
described incidence and clinical course of DCM in DMD, and the recent suggestions
from several groups of the positive effect of therapeutic intervention, the most logical
approach appears to intervene before a too severe damage has occurred.

While awaiting the results of RCT, the published consensus documents recommend
the use of Angiotensin converting enzyme (ACE) inhibitors, beta blockers and diuretics
™ in patients with early cardiomyopathy *. It is importart to ook for and treat co-
existing nocturnal hypoventilation, which aggravates cardiac function.

The risk of cardiac involvement in carriers of DMD is approximately 10%, and this may
occur in the absence of muscle weakness®. Genetic counselling should include
informing the carriers of the cardiac risks and plan for surveillance and treatment.

Scoliosis management

Scoliosis usually develops after loss of walking, shows rapid progression during
pubertal growth spurt and adversely affects respiratory function, feeding, seating and
comfort. The reduced incidence and severity of scoliosis in glucocorticosteroid treated
boys ™ is likely to be secondary to prolongation of walking and increase in truncal
muscie strength.

Progression of the spinal curve is the indication for surgical spinal fusion, and the
optimum time for making the decision is when the range of the curve’s Cobb angle is
20° - 40° % | Multigisciplinary team input to make the decision to offer surgery, and pre-
operative assessment are essential to ensure that the operation is safe and choosing a
time when the FVC is above 30% predicted for height, and the cardiac function, as
demonstrated by echocardiogram, is good. Spinal surgery can be performed when the
FVC is between 20-30%, but the risks are greater, and this should be undertaken in
specialized centres ¥,

Spinal brace (jacket) does not prevent progression of scoliosis, but may be useful in
postural management, especially in cases where spinal surgery is contraindicated or is
not acceptabie to the patient.

Nutritional aspects
Nutritional difficulties inciude initial presentation with failure to thrive, obesity during the
late ambulant phase, especially in corticosteroid treated individuals, and severe wasting
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in the spinal surgery post-operative period and the late teenage years. Regular weight
monitering and dietary advice to avoid obesity should be available to all DOMD patients,
especially when treated with daily corticosteroids.

Young adults with DMD may have chewing and swallowing difficutties, prolonged
mealtimes, shoking on food, and failure to thrive % Appropriate facilities for weighing
the wheel chair dependent adolescents should be available in the clinics to allow for
regular weight monitoring. Patients with failure to thrive and/or swallowing difficulties
benefit by dieteic and speech and language therapist's assessment for nutritional
supplementation; observation of mealtimes and swallowing videofluoroscopy allow

further advice about postural management, feeding aids or gastrostomy insertion.

Survival and transition of care

The improvements in general care and the frequent provision of NIV from 1990s, has
improved the mean survival of DMD patients in the UK to 27 years ** ¥, and further
prolongation of survival is anticipated as the currently corticosteroid treated cohort
matures and accrues the long-term beneficial effects, particularly on respiratory function
% This change in natural history of treated DMD means that most of these adolescents
are now anticipated to reach aduithood. This underlines the need for development of
robust protocols for transition of care to the adult medical teams, and in particular, for
the drive to enable improvement in rehabilitation, employment, social participation and
social services for the adult with DMD *

“Gene therapy” for DMD

The major advances in understanding of the molecular genetics, and pathogenesis of
DMD has raised expectation of a curative treatment with gene therapy. Research in this
area has been greatly facilitated by the improved understanding of the disease
pathogenesis and the use of two naturally occurring animal models; the dystrophic
goiden retriever dog (GRMD), which suffers a fatal clinical course akin to the humans
and the madx mouse which has a stop codon in exon 23 resulting in dystrophin deficient
muscle fibres but is not overtly weak, and its survival only minimally limited compared to
wild type. A detailed discussion of the various genetic strategies aimed at restoration of
dystrophin in the affected muscle 0 is beyond the scope of this article, but they are
listed with a basic description and current status in table 3.

10




Downloaded from adc.omj.com on 31 July 2008

Table 3. Strategies for gene therapy in Duchenne Muscular Dystrophy

Research Strategy| Action Eifect Current Status
Adena-associated Using AAV as a Expression of truncated Pilot study initiated in Ohlg (USA)
virus (AAV) vactor vehicle fo transfer but partly effective

“mini~dystrophin”
Gene into the
affected muscles

Dystrapin protein in musgle

bltp:/fgenetherapy. unc adui.

Utrophin Utrephin Increased utrophin levels, which Future clinical frials are planned
up-regulation up-regulation has 85% homology with dystophin | with YOXC1100 & drug

In skeletal muscle pretein, binds to the discovered by a UK company

by pharmacolagicat dystrophin-giycoprotein complex, VASTox.

means and amaliorates dysirophic

pathology in ransgenic mice

Myoblast Direct injection of Studies in the madx mice resulted No signifigant dystrophin
fransplantation myoblasts in in expression of dystrophin exprasslon in human studies

DMD musde
Stem cell Delivery of mdx mice study has shown Clinical trials using pericytes are
transplantation stem cells to muscle that human derlved pericytes, now being planned in DMD

to giva rise to can differantiate into

proganitor ar satellite stem cells

precursor calls

before differentiating

{o other calis
Madification of Antisense Temporary restoration of Two Eurcpean Conasortla are
dystrophin oligonucleotides reading frame to allow testing safety and local efficacy
mRNA splicing {AOs) used to dystrophin production of Intramuscular AQs with the
{Exon skipping) redirect splicing view of perfarming systemic

and induce AOs trials in 2008

exon skipping
Read- thraugh Aminoglycosidas and Transcription and dysirophin PTC-124, an orally administered
of stop cadon the recenlly produced protalh formation in mdx Molecule, is currently being piloted
mutatiins PTC124 can cause moLse muscle. Ina Phase |l ciinicat trial in DMD

misreading of the Gentamicin not effective underway. Techinque relavant

RNA code, allowing
insertion of alternative
amno acids at the
site of tha mutated
codon.

in human study

o ~ 10% of DMD patients
who have nonsense point mutations |

Of particular interest is the UK Department of heaith funded “molecular patch

therapy” ftrial, utilizing the exon skipping approach (hitp:/www.muscular-
dystrophy.org/research/), which is a good example of collaborative efforts of basic
and clinical scientists, parent and patient organisations, the govemnmenta! funding
bodies and pharmaceutical industry. The strategy behind the “molecular patches" is
the modification of dystrophin mMRNA splicing using antisense oligonucleatides (AQs).
These small RNA like molecules prevent the normal splicing of the gene by masking
crucial areas of the messenger RNA during the splicing process, and induce exon
skipping. In DMD patients with out of frame deletions (which represent ~ 65% of all
boys) the manipulation of exon skipping can result in deletions that maintain the open
reading frame, similar to what is found in the milder BMD. Thé early proof of concept
studies on the role of this approach was obtained in cell cultures of the mdx mouse
and subsequently demonstrated in DMD cells. Systemic administration of ACs in the
mdx mouse also resulied in appreciable induction of exon skipping which resulted in
dystrophin expression of functional levels in body-wide skeletal muscles of the mdx
mouse, with corresponding improvement in muscle function *'. There are several

limitations of AQs. Firstly, different deletions will require different AOs and sacondly
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the treatment is not permanent but limited to the period in which the AQ persist in the
tissue. AQ treatment will therefore require repeated administrations for the entire life
of the DMD boys, and whether this will be associated with any toxicity is not known.
AOs nevertheless have a faitly good safety profile from data available on human
trials. Two European Consortia are currently testing safety and local efficacy of
inframuscularly administered ACs with the view of performing systemic AOs trials in

2008. One group is based in Holland (http://prosensa.eu/news/news_may10 06.pdf),
and the other in UK (http://clinicaltrials.gov/ct/gui/show/NCT00159250). The results of

these studies are expected in 2007, and this will inform the feasibility of future
systemic delivery studies. ’
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Safety and Efficacy Study of PTC124 in Duchenne Muscular Dystrophy

This study is ongoing, but not recruiting participants.

PTC Therapeutics

Sponsors and Collaborators: Muscular Dystrophy Association

Information provided by: | PTC Therapeutics
ClinicalTrials.gov ldentifier: | NCT00264888

» Purpose

In some patients with Duchenne muscular dystrophy (DMD), the disease is caused by a nonsense mutation
(premature stop codon) in the gene that makes the dystrophin protein. PTC124 has been shown to partially
restore dystrophin production in animals with DMD due to a nonsense mutation. The main purpose of this study is
to understand whether PTC124 can safely increase functional dystrophin protein in the muscles of patients with
DMD due to a nonsense mutation. '

Condition intervention Phase
Duchenne Muscular Dystrophy Drug: PTC124 Phase 1

Genetics Home Reference related topics: Duchenne and Becker muscular dystrophy L1 syndrome

MedlinePlus related topics: Muscular Dystrophy

U.S. FDA Resources

Study Type:  Interventional
Study Design: Treatment, Non-Randomized, Open Label, Dose Comparison, Single Group Assighment,
Safety/Efficacy Study

Official Title: A Phase 2 Study of PTC124 as an Oral Treatment for Nonsense-Mutation-Mediated Duchenne
Muscular Dystrophy

Further study details as provided by PTC Therapeutics:

Primary Outcome Measures:;

+ Dystrophin expression as assessed by immunofluorescence evaluation of tissue obtained
by biopsy of the extensor digitorum brevis (EDB) muscle of the foot or tibialis anterior (TA)
muscle of the leg

http://clinicaltrials.gov/ct2/show/NCT 00264888 ?cond=%22Duchenne+muscular+dystrophy%22&intr=pt... 8/11/2008



Safety and Efficacy Study of PTC124 in Duchenne Muscular Dystrophy - Full Text View - ClinicalTrial... Page 2 of 4

Secondary Outcome Measures:

» Presence of dystrophin mRNA and dystrophin-related proteins on EDB or TA muscle
biopsy, muscle function, compliance with treatment, safety and PTC124 pharmacokinetics

Estimated Enroliment: 38
Study Start Date: December 2005
Estimated Study Completion Date: April 2007

Detailed Description:

in this study, patients with DMD due to a nonsense mutation will be treated with a new
investigational drug called PTC124. To determine if a patient qualifies for the study evaluation
procedures will be performed within 21 days prior to the start of treatment; these procedures
include: history, physical examination, blood and urine tests to assess organ functien,
electrocardiogram (ECG), muscle biopsy for evaluation of dystrophin protein, and DMD-specific
tests of muscle function (for patients who are able to perform such tests). Eligible patients who
elect to enroll in the study will then participate in a 28-day treatment period and a 28-day follow-
up period (56 days total). The first 6 patients to be enrolled will take PTC124 treatment 3 times
per day with meals for 28 days at doses of 4 mg/kg (breakfast), 4 mg/kg (lunch} and 8 mg/kg
(dinner); these patients will then be observed during a 28-day follow-up period without treatment.
Next, 18 additional patients will be enrolled to take PTC124 treatment 3 times per day with meals
for 28 days at doses of 10 mg/kg (breakfast), 10 mgrkg (lunch), and 20 mg/kg (dinner), these
patients will then be observed during a 28-day follow-up period without treatment. Subsequently,
6-12 additional patients will be enrolled to take PTC124 treatment 3 times per day with meals for
28 days at doses of 20 mg/kg (breakfast), 20 mg/kg (lunch), and 40 mg/kg (dinner), these
patients will then be observed during a 28-day follow-up period without treatment. There will be a
2-night stay at the clinical research center at the beginning and at the end of the 28 days of
PTC124 treatment. To assess efficacy, patients will have an end-of-treatment biopsy and will
undergo DMD-specific tests of muscle function (for patients who are able to perform such tests).
To assess safety and pharmacokinetics, safety assessments, blood and urine tests, and ECGs
will be performed at prespecified timepoints during the 28-day treatment pericd and the 28-day
follow-up period. At the end of the 56 days, patients will be assessed pericdically regarding their
general health status; these evaluations wili be performed by telephone contact at approximately
6-month intervals in the first 2 years and at approximately 12-month intervals in subsequent years
{(up to 5 years total).

P Eligibility

Ages Eligible for Study: 5 Years and older
Genders Eligible for Study: Male
Accepts Healthy Volunteers; No

Criteria

Inclusion Criteria:

» Diagnosis of DMD based on a clinical phenotype presenting by age 5, with increased
serum CK and decrease of dystrophin on a muscle biopsy

« Presence of a nonsense mutation in the dystrophin gene

¢ Physical examinaticn or radiographic imaging documenting the presence of EDB or TA
muscles in both legs

o Ability to ambulate, or if non-ambulatory, then not requiring ventilator support
s Male sex
e Age = Syears

+ Willingness to abstain from sexual intercourse or employ a barrier or medical method of
contraception during the study drug administration and follow-up periods in subjects known
to be sexually active

http://clinicaltrials.gov/ct2/show/NCT002648887cond=%22Duchenne+muscular+dystrophy%22&intr=pt...
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e Willingness and ability to comply with scheduled visits, drug administration plan, laboratory
tests, study restrictions, and study procedures (including rmuscle biopsies, myometry, and
PK sampling)

o Ability to provide written informed consent (parental/guardian consent if applicable)/assent
(if <18 years of age)

Exclusion Criteria;

« Prior or ongoing medical condition (e.g., concomitant illness, psychiatric condition,
alcoholism, drug abuse), medical history, physical findings, ECG findings, or laboratory
abnormality that, in the investigator's opinion, could adversely affect the safety of the
subject, makes it unlikely that the course of treatment or follow-up would be completed, or
could impair the assessment of study results

« Clinical symptoms and signs of congestive cardiac failure

« Positive hepatitis B surface antigen, hepatitis C antibody test, or human immunodeficiency
virus (HIV} test

« Hemoglobin <10 g/dL

e Serum albumin <2.5 g/dL

s Abnormal GGT or total bilirubin (>laboratory’s upper Emit of normal)

» Abnormal renal function (serum creatinine >1.5 times laboratory’s upper limit of normal)
¢ History of solid organ or hematological transplantation

s Ongoing immunosuppressive therapy {other than corticosteroids)

¢ Exposure to another investigational drug within 28 days prior to start of study treatment
o Ongoing participation in any other therapeutic clinical trial

e Ongoing use of thiazolidinedione peroxisome proliferator-activated receptor gamma
{PPAR y) agonists, e.g., rosiglitazone (Avandia® or equivalent) or pioglitazone (Actos® or
equivalent)

¢ Change in systemic corticosteroid therapy (e.g., initiation of treatment; cessation of
treatment; change in dose, schedule, or type of stercid} within 3 months prior to start of
study treatment.

« Treatment with systemic aminoglycoside antibiotics within 4 weeks prior to start of study
treatment

P Contacts and Locations
Please refer to this study by its ClinicalTrials.gov identifier: NCT00264888

Locations

United States, Ohio
Cincinnati Children's Hospital Medical Center
Cincinnati, Ohio, United States, 45229-3039

United States, Pennsylvania
Children's Hospital of Philadelphia
Philadelphia, Pennsylvania, United States, 19104-4398

United States, Utah
University of Utah
Salt Lake City, Utah, United States, 84112

Sponsors and Collaborators

http://clinicaltrials.gov/ct2/show/NCT00264888?cond=%22Duchenne-+muscular+dystrophy %22 &intr=pt...
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PTC Therapeutics
Muscular Dystrophy Association

Investigators

Principal Investigator;  Richard Finkel, MD  Children's Hospital of Philadelphia

P> More Information

Study ID Numbers: PTC124-GD-004-DMD

First Received: December 9, 2005

Last Updated: April 19, 2007

ClinicalTrials.gov Identifier: NCT00264888

Health Authority: United States: Food and Drug Administration

Keywords provided by PTC Therapeutics:
Duchenne muscular dystrophy
Nonsense mutation
Premature stop codon

Study placed in the following topic categories:
Muscular dystrophy, Duchenne and Becker type Genetic Diseases, Inborn

Muscular Dystrophies Muscular Dystrophy, Duchenne
Muscular Diseases Genetic Diseases, X-Linked
Becker's muscular dystrophy Duchenne muscular dystrophy
Muscular Disorders, Atrophic Atrophy

Musculoskeletal Diseases Muscular dystrophy

Neuromuscular Diseases
Additional relevant MeSH terms:

Nervous System Diseases

Muscular Dystrophy, Duchenne

ClinicalTrials.gov processed this record on August 11, 2008

U.S. Nationa! Library of Medicine, Contact Help Desk
U.S. National Institutes of Health, U.S. Department of Health & Human Services,
USA. gov, Copyright, Privacy, Accessibility, Freedom of Information Act

Links to all studies - prisarily for crawlers

http://clinicaltrials.gov/ct2/show/NCT00264888 7cond=%22Duchenne+muscular+dystrophy %22 &intr=pt... 8/11/2008
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Phase 2b Study of PTC124 in Duchenne/Becker Muscular Dystrophy
(DMD/BMD)

This study is currently recruiting participants.
Verified by PTC Therapeutics, July 2008

Sponsored by: | PTC Therapeutics

Information provided by: | PTC Therapeutics
ClinicalTrials.gov Identifier: | NCT00592553

P Purpose

Duchenne/Becker muscular dystrophy (DMD/BMD) is a genetic disorder that develops in boys. It is caused by a
mutation in the gene for dystrophin, a protein that is important for maintaining normal muscle structure and
function. Loss of dystrophin causes muscle fragility that leads to weakness and loss of walking ability during
childhood and teenage years. A specific type of mutation, called a nonsense (premature stop codon) mutation is
the cause of DMD/BMD in approximately 10-158% of boys with the disease. PTC124 is an orally delivered,
investigational drug that has the potential to overcome the effects of the nonsense mutation. This study is a
Phase 2b trial that will evaluate the clinical benefit of PTC124 in boys with DMD/BMD due to a nonsense
mutation. The main goals of the study are to understand whether PTC124 can improve walking, activity, muscle
function, and strength and whether the drug can safely be given for a long period of time.

Condition Intervention Phase
Duchenne Muscular Dystrophy Drug: PTC124 Phase Il
Becker Muscular Dystrophy Phase (Il

Genetics Home Reference related topics: Duchenne and Becker muscular dystrophy L1 syndrome

MedlinePius related topics: Muscular Dystrophy

U.S. FDA Resources

Study Type: Interventional
Study Design: Treatment, Randomized, Double Blind (Subject, Caregiver, Investigator, Quicomes Assessor),
Placebo Control, Parallel Assignment, Safety/Efficacy Study

Official Title: A Phase 2b Efficacy and Safety Study of PTC124 in Subjects With Nonsense-Mutation-Mediated
Duchenne Muscular Dystrophy and Becker Muscular Dystrophy

Further study details as.provided by PTC Therapeutics:

http://clinicaltrials.gov/ct2/show/NCT00592553 7cond=%22Duchenne+muscular+dystrophy%22&intr=pt... 8/11/2008
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Primary Qutcome Measures:

o To determine the effect of PTC124 on ambulation in subjects with nonsense-mutation-
mediated DMD/BMD (as assessed by changes in the distance walked during a 6-minute
walk test) [ Time Frame: 12 months ]{ Designated as safety issue: No )

Secondary Cutcome Measures:

o Activity in the community setting [ Time Frame: 12 months |
| Designated as safety issue: No |

o Proximal muscle function [ Time Frame: 12 months ] [ Designated as safety issue: No ]
¢ Muscle strength [ Time Frame: 12 months ] [ Designated as safety issue: No |
o Muscle fragility [ Time Frame: 12 menths ] [ Desighated as safety issue: No |

» Biceps muscle dystrophin expression [ Time Frame: 12 months ]
[ Designated as safety issue: No |

e Quality of Life [ Time Frame: 12 months ] [ Designated as safety issue: No |
» Cognitive ability [ Time Frame: 12 months ] [ Designated as safety issue: No ]
o Cardiac function [ Time Frame: 12 months ] [ Designated as safety issue: No ]

« Frequency of accidental falls during ambulation [ Time Frame: 12 Months |
[ Designated as safety issue: No ]

+ Treatment satisfaction [ Time Frame: 12 Months ] [ Designated as safety issue: No ]

o Safety [ Time Frame: 12 months ] [ Designated as safety issue: Yes )

» Compliance with treatment [ Time Frame: 12 months ] [ Designated as safety issue: No |
¢ PTC124 pharmacokinetics [ Time Frame: 12 months ] [ Designated as safety issue: No |

Estimated Enroliment: 165

Study Start Date: February 2008

Estimated Study Completion Date:  August 2010

Estimated Primary Completion Date: April 2010 (Final data collection date for primary outcome

measure)

Arms Assigned Interventions
1: Active Comparator Drug: PTC124

PTC124 Low Dose
2. Active Comparator Drug: PTC124

PTC124 High Dose
3. Placebo Comparator Drug: PTC124

Placebo

Detailed Description:

This study is a Phase 2b, multicenter, randomized, double-blind, placebo-controlled, dose-
ranging, efficacy and safety study, designed to document the clinical benefit of PTC124 when
administered as therapy of patients with DMD/BMD due to a nonsense mutation (premature stop
codon) in the dystrophin gene. It is planned that ~185 boys who are at least 5 years of age and
can walk at least 75 meters (80 yards) will be enrolled. Study subjects will be enrolled at sites in
North America, Europe, Israel, and Australia. They will be randomized in a 1:1:1 ratio to either a
higher dose of PTC124, a lower dose of PTC124, or placebo. Subjects will receive study drug 3
times per day (at breakfast, lunch, and dinner) for 48 weeks. Subjects will be evaluated at clinic
visits every 6 weeks. Additional safety laboratory testing, which may be performed at the
investigational site or at an accredited local laboratery or clinic, is required every 3 weeks for the
first 24 weeks of the study. At the completion of blinded treatment, all compliant participants will
be eligible to receive open-label PTC124 in a separate extension study.

http://clinicaltrials.gov/ct2/show/NCT00592553 ?cond=%22Duchenne+muscular+dystrophy%22&intr=pt... 8/11/2008
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P Eligibility

Ages Eligible for Study: § Years and older
Genders Eligible for Study: Male
Accepts Healthy Volunteers: No

Criteria

Inclusion Criteria:

Ability to provide written informed consent {parental/guardian consent if applicable)/assent
(if <18 years of age)

Male sex.
Age =5 years.

Phenotypic evidence of DMD/BMD based on the onset of characteristic clinical symptoms
or signs (ie., proximal muscle weakness, waddling gait, and Gowers' maneuver) by 9 years
of age, an elevated serum creatinine kinase level, and ongoing difficulty with walking.

Documentation of the presence of a nonsense point mutation in the dystrophin gene as
determined by gene sequencing from a laboratory certified by the College of American

Pathologists (CAP), the Clinical Laboratory Improvement ActYAmendment {CLIA) or an

equivalent organization.

Ability to walk =75 meters unassisted during the screening 6-minute walk test.
Documentation that a baseline renal ultrasound has been performed.

Confirmed screening laboratory values within the central laboratory ranges (hemoglobin,
adrenal, renal and serum electrolytes parameters)

Willingness and ability to comply with scheduled visits, drug administration plan, study
procedures, laboratory tests, and study restrictions.

Exclusion Criteria:

http://clinicaltrials.gov/ct2/show/NCT00592553 ?cond=%22Duchenne+muscular+dystrophy %22 &intr=pt...

Treatment with systemic aminoglycoside antibiotics within 3 months prior to start of study
treatment.

Initiation of systemic corticosteroid therapy within 8 months prior to start of study treatment
or change in systemic corticosteroid therapy (g, initiation, change in type of drug, dose
modification not related to body weight change, schedule modification, interruption,
discontinuation, or reinitiation) within 3 months prior to start of study treatment.

Any change (initiation, change in type of drug, dose modification, schedule modification,
interruption, discontinuation, or reinitiation) in prophylaxis/treatment for congestive heart
failure within 3 months prior to start of study treatment.

Treatment with warfarin within 1 month prior to start of study treatment.
Prior therapy with PTC124.

Known hypersensitivity to any of the ingredients or excipients of the study drug (Litesse®
UltraTM [refined polydextrose}, polyethylene glycol 3350, Lutrol® micro F127 [poloxamer
407], mannitol 25C, crospovidone XL10, hydroxyethyl cellulose, vanilla, Cab-O-Sil® M5P
[colloidal silica], magnesium stearate).

Exposure to another investigational drug within 2 months prior to start of study treatment.
History of major surgical procedure within 30 days prior to start of study treatment.
Ongoing immunosuppressive therapy {other than corticosteroids).

Ongoing participation in any other therapeutic clinical frial.

Expectation of major surgical procedure (eg, scoliosis surgery) during the 12 month
treatment period of the study.

Requirement for daytime ventilator assistance.
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¢ Clinical symptoms and signs of congestive heart failure (American College of
Cardiology/American Heart Association Stage C or Stage D) or evidence on
echocardiogram of clinically significant myopathy
« Prior or ongoing medical condition (&g, concomitant iiiness, psychiatric condition,
behavioral discrder, alcoholism, drug abuse), medical history, physical findings,
electrocardiogram findings, or laboratory abnormality that, in the investigator's opinion,
could adversely affect the safety of the subject, makes it unlikely that the course of
treatment or follow-up would be completed, or could impair the assessment of study
results.
P Contacts and Locations
Please refer to this study by its ClinicalTrials.gov identifier; NCT00592553
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Contact: Diane Goetz 908-912-9256 dgoetz@ptcbio.com
4 Show 38 Study Locations
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Additional relevant MeSH terms:
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Muscular Dystrophy, Duchenne
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Risks in new drug development: Approval
success rates for investigational drugs

Joseph A. DiMasi, PhD Boston, Mass

The drug development process is known to be com-
plex, costly, and time-consuming.!-3 The process is also
risky in that most compounds that undergo clinical test-
ing are abandoned without obtaining marketing
approval. The rate at which pharmaceutical firms mar-
ket new therapies in the United States is an important
measure of the viability of the drug development
process.# The cost of new drug development is also crit-
ically dependent on the proportion of drugs that fail in
clinical testing.5-7 Estimates of industry success rates
can be used in benchmarking exercises for project plan-
ning purposes. Given the length and cost of the drug
development process, careful consideration of all fac-
tors that have a significant impact on the process is
needed to appropriately allocate research and develop-
ment resources.

In a series of studies of new drug development in the
United States, the Tufts Center for the Study of Drug
Development (CSDD} and others have provided
descriptive data on how cumulative success rates for
new chemical entities (NCEs) vary with time from
investigational new drug application (IND) filing.1.8-14
Several studies have also examined clinical success
rates for biotechnology-derived drugs.!5-17 Statistical
modeling can be helpful in analyzing success rates for
recent periods because many of the compounds will still
be in active testing at the time of the analysis. Tufts
CSDD has alse conducted a number of smdies that use
this approach to predict final success rates for groups
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of compounds for which the ultimate fate of some of
the compounds in the data set is not known. 47,1820

This study provides updated success rate analyses for
NCEs. Success rate trends and variations in success
rates by therapeutic class are presented. The hypothe-
sis that pharmaceutical firms have been moving com-
pounds through the process to either marketing
approval or research abandonment more quickly is also
examined. In addition, attrition rates for compounds
entering clinical development phases are obtained.
Finally, statistics on the reasons compounds fail in
development are given.

METHODS

Data used for this study were obtained primarily
from a Tufts CSDD database that contains information
from ongoing surveys of pharmaceutical firms, The
data provided for the most recent survey come from
firms that have declined in number over the study
period, as mergers have resulted in the combination of
some of them. The data used for this study were
obtained from the units and subsidiaries of what are
now 24 parent firms, These firms provided data on
NCEs first investigated in humans anywhere in the
world or NCEs for which they were the first to file a
US IND since 1963. The data gathered include IND fil-
ing dates, the dates on which IND research was aban-
doned, reasons for termination of research, the latest
phase compounds were in when research was aban-
doned, and the date of new drug application approval.
A description of additional information included in this
database is available elsewhere.! Data were also
obtained from public sources.21:22 Current success rates
for these NCEs were examined (as of December 31,
1999}, and statistical analysis was applied to data on
past rates of research abandonment and approval to pre-
dict future success rates. Analyses were conducted for
NCEs with INDs first filed in 3- and 6-year periods
from 1981 to 1992, Data on more recent INDs were
available but, given the length of the NCE development
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process, they are too recent to use for a comprehensive
statistical analysis of success rates.

Inclusion criteria. For purposes of this study, an
NCE is defined as a new molecular compound not pre-
viously tested in humans. Excluded are new salts and
esters of existing compounds, surgical and diagnostic
materials, vaccines and other biologic agents, certain
externally used compounds (such as disinfectants,
antiperspirants, and sunscreens), and nutritional com-
pounds (such as natural forms of vitamins and sweet-
ening agents). Our definition of an NCE differs from
the FDA’s definition of a new motecular entity. The
most notable difference is that the FDA's definition
includes diagnostics, whereas our definition of an NCE
does not.

Statistical analysis of success rates. For the statisti-
cal analyses, residence time (the length of time from
IND filing to either abandonment of research without
marketing approval or to new drug application
approval) was calculated for NCEs with INDs first filed
in successive 3-year intervals from 1981 to 1992,
Approval dates were available through December 31,
1999, and were used in determining observed success
rates. Residence times were also calculated as of the
end of 1999. Observed and predicted cumulative
approval success rates were calculated at each year
from IND filing.

NCEs were stratified according to source (self-
originated versus licensed-in or otherwise acquired) and
therapentic class. An NCE is defined as self-originated if
it was developed entirely under the auspices of the
responding firm. We define acquired NCEs to be com-
pounds that were obtained by the developing firm through
licensing, purchase, barter, or other means. To determine
whether trends in success rates exist, we analyzed the data
by the period durinig which the IND was filed.

Predicted success rates for IND filing periods were
determined from a 2-stage model of the approval
process. NCEs with research still active as of Decem-
ber 31, 1999, constitute right-censored observations for
our data set. Survival analysis can make use of infor-
mation provided by censored data.?®> NCEs were
assumed to survive until either research was terminated
without approval or marketing approval was achieved,
Details of the selected models and the computational
approach used to estimate final success rates are pro-
vided in the Appendix.

The survey data also provided information on the lat-
est development or regulatory phase that abandoned
NCEs were in at the time of termination. These data
allow us to determine the distribution of research ter-
minations by phase. In combination with predicted
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approval rates for IND filing intervals, they also permit
us to estimate the probability of approval once a com-
pound enters a given clinical phasc and phase attrition
rates (the percentage of compounds that enter a phase
that are abandoned before the next phase is initiated).

RESULTS

Included in the CSDD database of investigational
compounds are the development histories of 671 NCEs
for which survey firms had filed a first IND from 1981
to 1992. Of these, 508 were identified as self-originated
and 163 were identified as acquired. Of the 508 self-
originated NCEs, 350 were initially investigated in
humans in the United States. By the end of 1999, 20.9%
of the NCEs with INDs filed from 1981 to 1992 had
been approved for marketing in the United States. For
this period, the current US approval success rates for
NCEs that were acquired, sclf-originated, and self-orig-
inated and first tested in humans in the United States
are 33.1%, 16.9%, and 8.6%, respectively. These results
illusirate the significance of previous testing on mea-
sured US success rates; success rates on IND filings are
higher for compounds that were licensed-in or first
tested abroad.

Time to research termination. Even though some of
the drugs in our database are still active, survival analy-
sis can be used to establish the rates at which the NCEs
with INDs filed during a given period will be dropped
from active testing. The mean and median times tc
research termination for self-originated NCEs that were
abandoned with INDs first filed during the periods from
1981 10 1983, 1984 to 1986, 1987 to 1989, and 1990 to
1992 are shown in Fig 1. Because NCEs in the later
intervals had less time for research to be terminated,
the averages for the later periods may be somewhat
understated relative to the earlier periods. However,
previous research and our curtent data suggest that the
likelihood of approval, as opposed to abandonment,
increases with time from IND filing. If we could add
termination times for NCEs that will eventually be ter-
minated, the impact should be much less on the median
than on the mean.

Even with these qualifications, the results at least
suggest that, over time, pharmaceutical firms have
made quicker decisions on research failures. Mean res-
idence time decreased 30% (1.5 years) from the
1981-1983 to the 1990-1992 IND filing intervals.
Median time to research abandonment decreased 20%
(0.8 years) for INDs filed in the early 1990s relative to
the early 1980s.

Further evidence that the ultimaie fate of investiga-
tiona! NCEs has tended to be resolved more rapidly
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Fig 1. Mean and median time to research abandonment for self-originated new chemical entities
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Fig 2. Estimated survival curves for self-originated NCEs with a first IND filed during a given
pesiod. The curves show the percentage of NCEs that had not been abandoned or approved for mar-
keting in the United States (ie, still active) a given number of years from the date of IND filing.

The data were fitted to Weibull distributions.

over time is shown in Fig 2. The curves in the figure
are estimated survival curves for the 1981-1983 to
1990-1992 IND filing intervals. A point on the curve
represents the probability that an investigational NCE
will still be active a given number of years from IND
filing. An NCE is inactive at a given point in time if
either research has been abandoned without marketing
approval or the compound has received FDA approval
for marketing. It should be noted that the estimated sur-
vival curves account for censored data; that is, infor-

mation regarding still active NCEs is used to estimate
final survival rates.

Median survival time decreased from 4.9 years to 4.3
years (12%) for the 1981-1983 to 1990-1992 filing
intervals, respectively. Faster action is also evident in
the figure for different amounts of time from IND fil-
ing. The percentages of NCEs for the 19901992 filing
period that are still active are 6 to 7 percentage points
lower than those for the 1981-1983 filing period at 4
to 10 years from IND filing.
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Fig 3. Current clinical approval success rates for NCEs by origin and period during which a first

IND was filed.

Suceess rate trends. To estimate final success rates,
results from the survival analyses must be combined
with those from qualitative choice models of the con-
ditional probability of approval at given residence
times. The parameter estimates for both stages of the
model are highly statistically significant, and good-
ness-of-fit measures indicate strong agreement with
the data, The parameter estimates used to determine
the predicted final success rates reported here and the
accompanying statistical results are available upon
request.

Current success rates (as of December 31, 1999) for
self-originated, acquired, and all NCEs by IND filing
interval are shown in Fig 3. Licensed compounds gen-
erally have undergone some testing before licensing
and have been shown to be promising candidates for
marketing approval, The results support the hypothesis

of such a screening effect for acquired NCEs; current-

success rates for acquired NCEs are notably higher than
those for self-originated NCEs.

A screening effect also appears to apply to self-
originated compounds that have undergone some clini-
cal testing abroad before an IND has been filed in the
United States. The success rates for self-originated
NCEs that were first tested in humans in the United
States are much lower than the success rates for all self-
originated NCEs. Current success rates by IND filing
interval for self-originated NCEs first tested in the
United States are 33% to 65% lower than for self-
originated NCEs as a whole.

Censoring has an impact on the results for all IND
filing intervals, but the effect is much greater for the
more recent intervals. The proportions of NCEs that are

currently active are substantially higher for these later
periods. Thus the lower current success rates for self-
originated NCEs in the 1987-1989 and 1990-1992
intervals may simply reflect the shorter amount of time
available for the ultimate fate of those NCEs to have
occurred. Trend analysis for these later periocds must be
aided by the application of statistical techniques to fore-
cast approval rates for the active NCEs.

Current success rates, maximom possible success
rates (assuming all active NCEs are approved), and
predicted final success rates for self-originated NCEs
by IND filing interval are shown in Fig 4. The pre-
dicted final success rates fall between current and max-
imum possible success rates for all filing intervals.
Although both predicted and maximum possible suc-
cess rates are lower for the 1987-1989 interval rela-
tive to the intervals in the earlier 1980s, the predicted
success rate for the 1990-1992 interval is 16% higher
than for the interval with the next highest predicted
success rate.

Comparison of predicted and actual success rates for
the early time periods can validate the performance of
the statistical model. For NCEs with INDs first filed
from 1981 to 1983, the model predicts a cumulative
success rate of 19.5% at 16 years from IND filing (the
maximum amount of time available for all compounds
in the group); the actual success rate for this group at
16 years from IND filing is 19.8%. Similarly, NCEs
with INDs first filed from 1984 to 1986 have a pre-
dicted success rate of 18.8% at 13 years from IND fil-
ing and an actual success rate of 19.4%. -

Therapeutic classes. Previous research has indicated
that success rates for NCEs vary by therapeutic
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Fig 4. Current (as of December 31, 1999}, maximum possible, and predicted final clinical approval
success rates for self-originated NCEs by period during which a first IND was filed. Maximum pos-
sible success rates were determined under the assumption that all active compounds are eventually
approved for marketing. Predicted suceess rates were constructed with use of estimates for a sur-
vival analysis of residence time (time from IND filing to abandonment or US marketing approval)
with a2 Weibull distribution specification and estimates for the conditional probability of approval

for a given residence time with a probit specification.

Table L Current and maximum possible success rates by therapeutic class for self-originated NCEs with INDs first

filed from 1981 to 1992*

Current Muaximum

Therapeutic class NCEs Approved NCEs Open NCEsf success ratef success ratef
Analgesic/anesthetic 49 10 4 20.4% 28.6%
Anti-infective 57 16 3 28.1% 33.3%
Antineoplastic 38 6 6 15.8% 31.6%
Cardiovascalar 120 21 6 17.5% 22.5%
Central nervous system 110 16 14 14.5% 27.3%
Endocrine 33 6 4 18.2% 30.3%
Gastrointestinal 15 3 2 20.0% 333%
Immaunologic 13 2 0 15.4% 15.4%
Respiratory 25 3 0 12.0% 12.0%
Miscellaneous 43 3 4 7.0% 16.3%
NCE, New chemical entity.

*Therapeutic class information is missing for five compounds.
+as of December 31, 1999,
$Assumes that all open NCEs will eventually be approved.

class.6:20 The current and maximum possible success
tates by IND filing interval for self-originated NCEs in
9 specific therapeutic categories are shown in Table L.
Because the number of compounds available for analy-
sis is greatly reduced when the data are stratified into
therapeutic categories, the entire study period
(1981-1992) is used, For the immunologic and respi-
ratory categories the fate of all of the NCEs is known
so that current, maximum, and final success rates are
the same.

For many of these therapeutic ¢lasses, the number of
compounds with IND filings in an interval is too small
for accurate statistical estimation. However, we had
enough data and the fits with the statistical model
described above were sufficiently good for us to estimate
predicted final success rates for the analgesic/anesthetic,
anti-infective, cardiovascular, and central nervous sys-
tem categories. The current, maximum possible, and
predicted final success rates for these 4 classes are
shown in Fig 5. Relative success rate results for these
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Fig 5. Current (as of December 31, 1999), maximum possible, and predicted final clinical approval
success rates by therapeatic class for self-originated NCEs with a first IND filed from 1981 to 1992
Maximum possible success rates were determined under the assumption that all active compounds
are eventually approved for marketing. Predicted success rales were construcied with use of esti-
mates for a survival analysis of residence time (time from IND filing to abandonment or US mar-
keting approval) with a Weibull distribution specification and estimates for the conditional proba-
bitity of approval for a given residence time with a probit specification,
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Fig 6. Distribution of research terminations for self-originated NCEs by clinical phase and period

during which a first IND was filed.

classes are likely unaffected by time trends inasmuch
as the number of filings for the last half of the study
period as a percentage of total filings for the whole
peniod for each of these 4 classes varied only from 47%
to 55%. The predicted success rates range from approx-
imately 1 in 5 for cardicvascular NCEs to 1 in 3 for
anti-infectives.

Clinical phase attrition rates. Clinical approval suc-
cess rates yield patterns of success for the clinical

development process as a whole, but they do not inform
us of success and failure patterns during the clinical
development process. Our data on the latest phase that
an abandoned NCE was in at the time of termination
give us a distribution of research terminations by phase.
The distribution for self-originated NCEs is shown in
Fig 6, Approximately half of clinical research failures
occur in phase II, This is the case for beth the first and
second halves of the study period. For the later IND fil-
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Fig 7. Approval success rates for self-originated NCEs entering a given clinical phase.
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Fig 8. Phase attrition rates (percentage of campounds entering a phase that fail in the phase) for
self-originated NCEs by period during which a first IND was filed.

ing period, however, proportionately more research fail-
ures occurred in phase I and proportionately fewer
occurred in phase IIT or regulatory review.

Statistical analysis yields predicted final success
rates for self-originated NCEs for the 1981-1986 and
1987-1992 filing intervals of 24.2% and 22.6%, respec-
tively. Cumrent approval and termination rates for these
periods, along with the assumption that currently active
NCEs that are predicted to eventually fail will do so in
phase III or regulatory review, allow us to predict
approval rates for NCEs that enter a clinical phase (Fig
7). Although approval rates are similar for the early
clinical phases in both periods, the likelihood of
approval increased by 5.6 percentage points for phase

II1. This is consistent with the results displayed in Fig
6, which showed relatively more terminations in phase
I and relatively fewer in phase III or later.

The data on research terminations by phase and pre-
dicted success rates also allow us to determine phase
attrition rates. Fig 8 shows that attrition rates are great-
est in phase II in which more than half of the investigated
compounds fail. During the study period, failure rates
increased for phases 1 and II but declined for phase 1L

Reasons for research abandonment. The database
contained information on the reasons research was
abandoned for NCEs that had research terminated with-
out marketing approval. We grouped the responses into
3 major categories: safety (eg, “human toxicity™ or “ani-
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Fig 9. Percentage of research terminations for all NCEs by period of first IND filing and by pri-

mary reason for abandonment.

mal toxicity”), efficacy (eg, *‘activity too weak™ or “lack
of efficacy™), and economics {eg, “commercial market
too limited” or “insufficient return on invesiment™), A
relatively small number of the compounds that had been
abandoned had reasons for termination that were not
specific enough to be placed in 1 of these 3 categories.
The shares of all reasons for abandonment for each of
these categories by IND filing interval are shown in
Fig 9.

For the last half of the study period, economic and
efficacy issues became relatively more prevalent, while
safety issues became relatively less prevalent, as rea-
sons for research termination. Because the time avail-
able for the fate of the compounds to have been deter-
mined is limited, the abandonment results for the inter-
val from 1987 to 1992 are biased toward causes that
tend to be revealed relatively soon after filing. This
censoring effect also applies to the earlier interval but
with much less impact. The economic share increased,
even though research on NCEs terminated for eco-
nemic reasons tends to occur later in the development
process than is the case for safety and efficacy (eg, for
filings from 1981 to 1986, 45% of the economic ter-
minations occurred at least 6 years from filing com-
pared with 35% of efficacy and 17% of safety termi-
nations),

The censoring effect also applies when the data are
analyzed by the phase that a compound was in when it
was abandoned. This bias will tend to be lower if ear-
lier periods are examined. Considering the first half of
the study period (NCEs that had an IND first filed from
1981 to 1986), compounds that had failed for economic
or efficacy reasons were terminated much more fre-

quently in late clinical testing phases. The percentage

of failed compounds that were abandoned in phase III
or during the regulatory review period was 26.6% for
economic failures, 24.0% for cfficacy failures, and
8.3% for safety failures.

Table I shows mean and median abandonment times
for all NCEs by IND filing period and by the primary
reason for termination. Average times to abandonment
are lower for the later filing period, bui this can result
in part from the shorter period during which abandon-
ments can occur for this interval. For either period,
however, both the mean and median time to research
abandonment is longer for NCEs that were terminated
primarily for economic than for other reasons. The data
also show that economic considerations were the most
frequent determinants underlying decisions to termi-
nate late-stage clinical research. During the entire study
period, 39% of the terminations that occurred at least
4 years from filing were for economic reasons, 32%
were related to efficacy issues, and only 16% were for
safety problems (13% were for other reasons).

DISCUSSION

A statistical model of the rate at which new drugs
proceed through clinical testing to marketing approval
was estimated for three 4-year and two 6-year IND fil-
ing intervals, Estimated approval success rates for self-
originated NCEs varied from 19% to 30% during the
study period. The highest predicted success rate was
for the most recent filing period (1990-1992). The
results suggest that approval rates have not declined
over time and, quite possibly, have increased. A gen-
eral improvement in success rates can result from bet-
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Table IL Time to research abandonment (in years) for NCEs by IND filing period
1981-1986 1987-1892

Reason ' n Mean (y) Median (y) n Mean (y) Median (v}

Economics 64 4.4 4.0 45 3.7 3.2

Efficacy 71 3.6 2.3 50 27 26

Safety 46 2.6 2.5 26 2.1 12

Other 34 3.5 2.3 12 27 22

IND, Investigational new drug application.

ter preclinical screening. The implications for the devel-
opment process are significant because the clinical
costs for some research failures will not be borne if suc-
cess rates increase, However, these savings would have
to be balanced against any additional costs associated
with a better preclinical screening process.

Success rates for self-originated NCEs differed sig-
nificantly by therapeutic class. Predicted or actual final
success rates varied from 12% for respiratory drugs to
33% for anti-infectives. Cardiovascular and central ner-
vous system drugs also had predicted success rates that
were substantially below that for anti-infectives. Some
of the differences in success rates by therapeutic class
might be explained generally by differences in the uncer-
tainty with which regulatory standards would be satis-
fied. For example, efficacy end points for anti-infectives
are usually clearly defined and relatively easy to assess.
In contrast, the difficulties in establishing efficacy for
psychotropic compounds have been well described.24:25

The length of time that an NCE spent in clinical test-
ing or regulatory review before the fate of the drug
(abandonment or approval) was determined decreased
during the study period. Estimated median survival
times for self-originated NCEs decreased 0.6 years for
IND filings in the early 1990s compared with those a
decade earlier. These results are consistent with data on
shorter US clinical development times for late 1990s
approvals.2? In addition, our data on the time to research
termination for compounds that have been abandoned
suggest that pharmaceutical firms have been abandon-
ing unsuccessful compounds more quickly. Faster fail-
ures and shorter development times for drugs that do get
approved imply, other things being equal, lower research
and development costs per approved new drug. How-
ever, these gains can easily be offset if the out-of-pocket
costs of conducting clinical trials have increased,

Our data on clinical phase attrition rates not only sup-
port the hypothesis that pharmaceutical firms have
acted more quickly in terminating development on
unsuccessful compounds but also allow us to better pin-
peint when in the process these gains were made.
Development costs are reduced more if a compound

that ultimately fails is abandoned soomnet. Our results
indicate that firms have indeed tended to abandon their
failed compounds earlier in the process. Reductions in
failure rates for phase HI and regulatory review appear
to be associated with corresponding increases in fail-
ure rates for phase I. It should be noted, however, that
quicker decisions to abandon projects may also increase
the likelihood of making a type II error (accepting the
hypothesis that an investigational drug will not meet
efficacy and safety standards and earn a reasonable
return when in fact it would have done so if pursued).
Furthermore, failure rates for phase II testing remained
essentially constant, Some expensive phase Il trials
may be avoided if phase II testing can be made more
informative so as to weed out more of those compounds
that will fail to achieve regulatory approval,

Qur results indicate that commercial factors became
relatively more important over time as the primary rea-
son for abandoning development of investigational
NCEs. Censoring may affect the results for the more
recent time periods. NCEs that failed for economic rea-
sons, however, tended to last longer in testing than
NCE:s that failed for efficacy or safety reasons. Thus
the censoring in the data suggests that the final results
will show that the trend for economics is even steeper
than currently observed, Given that economic factors
increased in importance as a reason for research termi-
nation and that these commercial considerations have
tended to be a deciding factor relatively late in the
development process, the improvement in attrition rates
that we have observed is all the more impressive.

Clinical success rates and phase attrition rates for
new drugs are important indicators of how effectively
pharmaceutical firms are using the resources that they
devote to research and development. The proficiency
with which this is done is a consequence of a complex
set of regulatory, economic, and firm-specific factors,
Reliable success rate and phase atirition rate estimates
are an important too] for evaluation of the efficiency
with which industry conducts clinical drug develop-
ment. Our results on the risks in drug development
should aid in this process.
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APPENDIX

Success rates are predicted by combining 2 separate
statistical estimation procedures. Specifically, the
cumulative probability of approval at t years from IND
filing is given by the following:

s =[1w P du M

in which f(u) is the probability density function for the
survival-time data, P(u) is the probability of approval
given a residence time of u.

The density function, f(u), can be estimated by a
parametric survival analysis. Various theoretical dis-
tributions (ie, exponential, Weibull, log-normal, and
log-logistic) were fitted to the survival-time data, Esti-
mated survival and hazard rate curves derived from
nonparametric techniques, such as life-table analysis
or the Kaplan-Meier technique, can be used as a first
step in determining whether the data are consistent
with these parametric forms. Likelihood ratio tests
based on the log-likelihood valnes obtained from fit-
ting particular parametric forms to the data can also
be used to test whether one distribution fits the data
better than another. The estimated survival and haz-
ard rate curves from life-table analyses and the likeli-
hood ratio tests suggested that Weibull distributions
best fit the data.

Specification of the Weibull distribution (a general-
ization of the exponential distribution) requires esti-
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mates of two parameters. In particular, the probability
density function for the Weibnll distribution is given as
follows:

fluy=v- - url . g—ouY 2)

uz2l oy>0,

where u is residence time. For this distribution, statis-
tical software gives estimates of | and ¢ where Y= l/G
and o = e"™3, The values obtained are maximum like-
lihood estimates in which a Newton-Raphson algorithm
is used to solve the first-order conditions.

NCEs with a given residence time have terminated
with either research abandonment or marketing
approval. Because the possible responses are gualita-
tive and binary, qualitative choice modeling is an
appropriate and feasible method for estimating P(u).
Parametric forms that have proved useful in many
applications of this type are the probit and logit spec-
ifications, We examined both of these specifications.
The parameters were estimated by a maximum likeli-
hood technique in which a modified Newton-Raphson
algorithm was used to solve the first-order conditions.
Log-likelihood values for the estimations can be used
to discriminate among the models. The log-likelihood
values suggested the probit form for P(u). In general,
however, the results were not sensitive to the choice
of model.

In the context of this application, the probit model
posits that the cumulative probability of approval varies
with residence time according to the cumulative stan-
dard normal distribution evaluated at a linear function
of residence time. In pasticular, we estimated the param-
eters, o, and P, of the following function:
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P(a+B-u)= F*B‘u (V2 R)- et -4z, &)

where u is residence time. This specification has the
property that the conditional probability of approval
increases (in a sigmoidal fashion) with the time from
IND filing.

Once parameter estimates are obtained, equations 2
and 3 can be substituted into equation 1 to determine a
success rate at a given number of years from IND filing.
We are also interested, though, in final success rates for
NCEs with IND:s filed during a given interval. Both the
Weibull density function and the conditional probability
of approval determined from the probit specification vary
with time and, in theory, no ceiling can be placed on the
time from IND filing. Thus the two-stage model predicts
as a final success rate (Sg) the following limit:

Sp=1lim§
F I{Kl)ogt) 4

assuming that the limit exists. Unfortunately, we do not
have a closed-form solution for equation 1. However, if
the limit does exist, we can then use numerical techniques
to adequately approximate Sg with S(T) for large enough
T. In choosing T, we adopted two criteria. First, T must
be large enough so that the probability density function
(2) integrated up to T is within one-half of 1% of one.
Second, the estimated cummlative probability of success
[S(t)] must have stopped increasing out to 3 places after
the decimal point. Thus our approximation of Sg should
be accurate to within one-tenth of 1%. For all of the pre-
dicted success rate estimates given here, T = 30 years eas-
ily meets the two criteria. Therefore all of the survival
and predicted cumulative success rate curves presented
here are shown out to 30 years from IND filing.

Choose “E-mail Notification,”

Receive tables of contents by E-mail

To receive the tables of contents by E-mail, sign up through our Web site at

htip.//www.moshy.com/cpt

Simply type your E-mail address in the box and click the “Subscribe™ button.
Alternatively, yon may send an E-mail message to sajordomo@masty.com. Leave the subject
linc blank and type the following as the body of your message:

subscribe cpt_toc

You will receive an E-mail to confirm that you have been added to the mailing list. Note that
table of contents E-mails will be sent out when a new issue is posted to the Web site.




Exhibit F



\ 1ew Protocol Record Page 1 o

ClinicalTrials.gov & & FD

[otocol Registration System

View Proo o1l Recard

Main Mepu  Select Proview  Spelling Downdoad XML Cheek Records

Record Status: Lz Progress Completed  Approved LRcI- -u!:
Helomnd Ownet by: kdoanclhy  Last apdated: 07 - S308 1283 by kdonnzlh

Initial retease: ] 01 2008 Last release: 2R Download Recerpt (PDi-
Comments: RI16 /08 FML" was exparded 1n Jrief Tille AL QAT

G

NTFORIGR eI “Wwankevelr" Lo “me s T EA:qu;Zn; ir .'.;-: v Thange sade iy Ui sl Trialg goy

Unique Protecul 1D; PFIC124-G-007- DM

Seceondary 1Ds:

ClinicalTrials.gov 10: NCTOS929%3 Climead §pals gov - Arehis, heanon S

Brief Titke: Phase 3h Susdy of PTCI24 i Duchenne Be- tuscular Dvsteophy tOMD BAD.

Official Title: A Phase 2b iTicaey and Safety Swdy of PT i Sulyvects Wah Nonesense-Matauen- Medined Dochenne Vuscular Dy stropy
und Beeker Muscular Dy stcophy

Study Type intersentnal

FDA Regulated Intervention? Yes

INDADE Protocol? Yes

IND/IDE Informution: Grantur CT-R

IND IDE Number 68431
Serial Number 21040
Has Expanded Access™ Na
Section 801 Clinical Triat?  No~
Delayed Mosting?

Sponsur: PTC Therapeuhes
Collahorators:
Responsihie Party: Name Olticn| Title Lungdonr Mller, MU, ( e dienl Offieer
Orgamrauon PTC Therapeuties, Ine,
Phone. 908-912-0132 Ext Email Imillere 10 ¢oum
Review Bouri): Approval Status Approved  Approval Nur 7-§2-14
Board Name Instilstional Review Board Cn 1t Uhuldren s Hogpital Medieal Cenie
Board Aftianeon Cincianan Chiddren's Flos dedical Uenier

Phone §13-n3R-80350 mul
Data Monitoring Committee? Yex

Oversight Autherities: Uaned Siawes Food and Druy Admainisirane

Brief Summary: Duchenne Becker muscular dystrophy (M} "Evs o genetie disorder thit develons 11 by § 1 s coused Ty aomutittion m
pene lor dysirophin, o protein that is waporia mgintaining nennal muscle struciure and funcnon Loss o0 Js strophn cawse.
musche tragdin e Jeads 10 weakness and |- walking ubthiy denesg childhood snd eemtge vears: A spealic 1 pe of mutn
called 3 nosense rpremature stop eodops mu t 18 the cause of DMLY BAD i approximately $3-15% of Favy wath the disea.
PO s anoralhs delis ered. antestigatnon, & that nas the patennial i osercame the clieets of the nansease mutaton e
study 1s @ Phase 2b tnal that will es gluaie eal benelit o FTCES wbos s wafh MDD BMD due 10 0 0 nsense mutabion,
mam geals of the study are to undersiand wi PTC Y can mprove walkg actiy iy, musele Tumeten. ol sirength ind w
the drug can safeh he given for g longe perin ne

Detailed Description: This study 1 & Phase b, mylticenter. randar- double-blmd. placehn-controlled. dose-ranging, elficacy ad safely studs
designed 1o document the vbnical Benetn of 24 when administered as therapy o pattents wath DMD BYD due o3 vonse
mulation {premature stop cadoniin the dvsu wene [is planued that 165 bovs who are at least 5 vears of age and can wa -
Jeast 75 ineters 1B vards i will be enrellod. S subyects will be eorolled at stes e North Ameciea. Furope seacl and Awsitra
They will he muodomuzedmmal 1 I ratawe vingher dose of PTUI24. a tower dose of PTUI2L or placeno Sulyects will
recene study drug ¥ times per day 12t breakd weh. and dinners for 38 weehs Subjevts will be essliated Lt eling visns ey e
weeks Addional salen laboraton testing. max be performed authe incestagational site o at an acere sted local Jalwra
clinie. s required es on 3 seeks for the ft - seks of the study - At the completon of blinded ireatment. o | compliant oarn,
will he eliibie 1o rereise openslabel PIC)Z . separdle cxtensimn sids

Record Verification Date: July JMOR

Overall Stutus; Recruting

Study Start Date: Februan 2008

Peimary Completion Date: Apnl 2010 [Anteipated]

Study Completion Date: August J010 | Auncipoted |

Study Design: Prunary Purpnse  ['realnweng

Studs Phase Phase 2 Phase 3
Intersention Madel Parubiel Assignment

hitps://register.clinicaltrials. gov/prs/app/action/Selc ' Protocol/sid/S0001 D4 1 /selectaction V... 8/7/21 ¥




\"1ew Protocol Record Page2. ~

Namber ol Arns 3

Masking Dovhle Blind tSubjewt. Caregover. sigamr. Dutcomes Assessor
Aliocation Randomized

Contral Mucebs Cantrol

Fndpoint Classsficatien Sateh Efficacs Stu -

Enrollment 143 fAnLcipated)

CQuteome Measurex: Pamars Dutcome Measute,
Maasure To detaronine the eflee JCT24 ow ambulation in subvjects with gonsense-mutahon-rediaed DML B
fas assessed by change ¢ distiney watked during s femimute walk test

e Fenme 12 muanths

Safets Tawe Ko

Seeondan Outeome Measutes
Muasure Activity 1n the comoure ting
Time Framee 12 munths
Safety Issue? N

Proximal muscle tunet
Time Vrame 12 manvhs
Safen lssuet Na

Measure Muscle sirength
Lime leatme 12 moaths
Safen lss P

Mensure Muscle fraphn

Time Frame: 12 mumihs
Safen {ssue? No

Mcasure Baceps muscie dy strop: *pression
Fune brame 12 months

Safen jssue®  No

Measury Quality af Life

Time trume 11 manths

Saftly lssie?  No

Meazure Cagmive sbility
Twe brame 12 monchs
Safely baue”  No

Measure Curdiae function
Time Framwe 12 months
Safeh lwue* Na

Muiisure Frequenes ol aveident:. dunng ambulanon

Time F'rame 12 Months
Naten 1s Nu

Muensure Tremment satinlicyon
Time Frame 12 Months

Safern lsue? Na
Measure Safen
Time Frame 12 months
Sufers bsue? Yus

Meas

Timwe

Comphanee with rgal
ime 12 mnnths
Saluty lisue? No
Mueasure £rCI24 pharmacakime:
Timwe Frame 12 months
Satets Isee! No
Conditionss Duchenne Muscalur Dystraphy
LBecker Muscular Drstrophy
Keywyrds: Duchenne muscular dysteophy
Becker musculur dy strophy
Nansease muiation
Premature siop codon
MDD BMD

hitps://register clinicaltrials.gov/prs/app/action/Selc . IProtocol/std/S0001 DA T/selectaction V... §/7/20 8




\iew Protocol Record

Arms:

Interventians:

Eligihility Criteriaz

Gender:

Minimum Age:

Maximum Age:

Accepts Healthy Volunteers?

Central Contact:

Study Officigly/lovestigators;

Locatioan:

PICIN

1 Actve Comparanr
2 Achve Unmparstar
3 Placcon Compicaioe

Drug PI¢I24
FTC124 Fow Plose

Amme |
[rug PTC4

PTCI24 Thebh Dose

Anns 2

Drug PTC 124
Placebu

Arms 1

O NOTE toteesenuen Other Names hme n -

€ NOTE tiers erton Other Names hive n
B KOTE Josers ention Other Ramys have n

Inclusion Critera
o Abihiv 1o provide witten mivemed co

Male sen
« Age Sk

dihiculty with walking

Documentiton of the preseace ol y
laboratons gernified by the Callege aof
1CL 1A« oc am equivalent orgumsatian

.

Dacumeniatsen that a basehme renad ub
Canlirmed sereening luboratory value:
parumeters:
Willingness amnd abilits to comply wal
restngtians

-

Lxclusion Crilerna

= l'reatmem with svstemic aminoglveos -

Ymitiahon of syslemic corticosteron) th
cortreasterut twrapy (eg, wliation, ¢
madtiication, 1oterruption. discontinu.
Any change tmiianon. chimge int pe
rermitiabnn s an praphs laxis reaiment |

Prior therapy with PTC124

Anawiy b persensitivite o any af the s
pulsethy fene gls cal 3380, Latrol % m3
samitla. Cab-Q-S1 8 MSP {colladul 51

Histery of migor surg
Cingaang immunuseppressive thersps

LI I )

Requiretient for daviime venlidaloer as

we Stage Dior evidence on echovandie
Pruf ar engoing medical condiran ey
abuser. muedicat histary. phy sical findi
apinion. vould adversely aftect the saf
compluted. or eoutd imparr the assesse
Male

$ Years

i

Ehane Goels
Telephone QIR 20256
Ermail  dgoctza ptebin cam

B NOTE Sindy OtTicial is requared by the

Facitits:  Cincrenaly Chaldren’s Vospual b

Cangrnnat, O, Tnited Stuwes
Contach;  Piula Morchurt

Mhenons pie evidence o' DMD BMD b -
weakness, waddling gait. and Gavers -

Albiy wwalk 7% meters unassisted ¢

Treatment with wartarin witlan | mow

EExposuee o ancther ivestigatinnul dr .
cal provedurg w

Cingaang paricipation i any other the
Expecianon ni mujor surgieal proceduy

Chmeal smpioms and signs of conge -

Page 3

nspreiticd
a speeisied
n spaecticd

vparemal guardin consent o apphicable rassea (8- 18 vears ol ages

n 13 nset of charactenistic chnieal sympioms gr signs (0 prosimal muscs
waeri by ¥ yecars of age. an elesened serum creatimne Kinise level and ongor

W pnt mutanon m the dustrephe pene as deterauned by pone sequenemng
can Patholomists cCAP (e Chmcal Laboratony lvprosan ent Act Amenidm,

a the sereenm 2 h-munute walk fest
ind has been perlormed
wn the centrad Jahnra ey Fy

vs themaglotn. adrenal. rena and secum cleetr

duled visits. drug sdminstravon phime stody provedures. fasoraan wsis,

nbrotes withan 3 monrhs prior i skl af studs treatmen

witlyn & months prior a stash of siads sreabment o change poavatenic

S 3 e ol drug. dose nnddicanon po sehined w bods skt change. sched:.
i restisations wathim 3 manths preor 1o start of stads tegateont

ng. dese modification. schedule madiicanun, inerrupaon. Giscomtinaton, o
apestay ¢ hesrt fndure within 3 months prior @ stan of studs srearment

o by sTarg {II.'\HId\ Treammenl

“retts o exciprems of e siudy drug bresse k THrad M rcined pols destros
27 {podoxamer JUTE manmind 25U, erasposidone X1 1 Faodroxs et Leelly
MAgNCSIm Steirated
a2 months Pt e sian of siudy ieasment,
M davs prior o start aof studs treaiment
than conicostermds .
e climeal tron
. scuhiosis surgers s during the 12 month iremment persed o the s
oo
1eart fadure CAmencan Cellepe of Cardiology Amencan B ant Assocsation & -
of chawall sigmlicant ms apaths
camitant illness. psyclutric condevon, behassaral drsarder alevhobsm drug
lectrevardiagram findings ot faborstary abnormaluy that, 1 the investigatar
“the sulyect. makeHt un'ikely Bt the coume of treatment r Follow -up weui
o study resubs

and HONIE

A Center

htips://register.clinicaltrials. gov/prs/app/action/Sele . Protocol/sid/S000] D4 [ /selectaction V... 877/




\iew Protocol Record Page 4.

Telephune 3 13-836-8067
Eminl  Pouta Myrchart gcchme org
Recruitmend Status:  Recruiing

Facility:  The Chotdren's Hospital
Aurpra. Coluradw. ntfed Slates

Contacts  Muelissu (hbbons
Telephone  303.724.2354
Email  gihbuns mel Fchden org

Recruituzent Status:  Recrnting

Facility:  1niveesiny of Rochester
Rachestes. New York, United States
Cuntaet:  Ajoxis Smnow

Telephone  SKS-275.4718

sl alexds saumow aqanie mwhesice
Reeenitment Status:  Recraiting

Facility:  Chdren's Hosptal of Bosion H F Medweal School
Boston. Massachusetis. nited Siles
Contact:  Lnca Sanborn
Telephome  A17-385-2782
tmal  Encasanborn diehldiens haesar -
Revruitnient Neatus:  Reeruiting

Facility:  Unmneraty nf b

Salt Lake Criv . Clah, United Stutes
Congact:  lnammi MeGerts

Telephone  801.585-1269

Imarl  bmcgerty ergenchies. atuh sdu
Recruiem ent Statos: Reerwting

Facility:  Southwestern Unversiny
Dallas, Fexas, Lnned Stares
Contact:  Modrth Green
Tetephone  214-456-8072
Email  medrath greene achaldrens com
Recruitment Statun; Reeruiting

Facifity:  Uiicersity of lowa Healtheare
lowa iy dowa, Hmled Ststes
Cantace:  Carrie Stephan
Telephone  319-336-2673
Emiml  cirne-stephan g aowas odu
Reervitment Ntatus:  Recruitng

Facitity:  ¢hild Newrelogy Center ot Pent
Pensacola, Flonda. Unised Sumes
Contactt [ loley Maseley
Telephone  N3-384-6003
Hmid  holley mosehey idiveureingy . ocemt
Recruitment Status: Recruing

Fagility:  Duhe 'nsersits Medical Cente
Durhim. North Uaral:na, Unaed States

Contacr:  JuAnme Mackey
Telephone  919-684-2036 1
Pl machentis ¢ me.dube.cdu

Reeruitment Statos: Recrumng

Facilit Universits of Boansas Medeal L
kansas Can, Kansas, United States
Contact:  Victons Wans
Telephone  213-3KK-5479
banath  ywittts g hume edu
Recruitment Status:  Recroiting

Facilitys W ashinpton Unneresiy School dicine
Saint Lows, Muissoun, United States
Contuers Ress Malkus
Telephune  314-362-1624
Emall mulkush eeneuro sustl edu
Recruirment Status:  Recruiting

Fueility:  Untverssin ol Minnesota
Menneapohs. Minneseta, United States
Cuntact:  Cameror: Naughion
Telephone  612-625-48K2
Favnl wangtB 109 ¢ amn edu
Recruitment Status:  Recrummy

Facilin:  Chaldren's Hospitad of Phludely
Philadetph. Penmivivania, Hmed States

hitps:/fregister.clinicaltrials. gov/prs/app/action/Seis « (Protocol/sid/S0001 D4 T/selectaction!V... 8/7/2 8




>

View Protocol Record Pag

Contact:  Landsey Dorsey
Telephone  267-426-762
Fmail  dorses gemad chop edu

Recrpitnient Status: Recruting

Fariity:  Columbia Unnersine Medseal !
New Yk O New York, Tmited Slae
Contact:  Jackwe Montes
felephone  X12.342.5767
Emad  IMomes waeuro calunthi edu
Recrnitment Statnx: Recrwling

Facitity:  U'ninersin of Cablorma-Davis
Sucramento. Califorig. Linited States
Recruitmoent Status: Nt ver recruting

Fucility:  Shoners Hospnal for Children
Paritund. Qregan. Liaited Siates
Contacr:  Lora Wabl

Telephone  S13-221-3472

Bl dwabl e shrmsmetorg
Recrvitment Status:  Recruiling

Facility:  Unnersite Hospital K10 e
Lewen, Belgmm
Coatact:  (ireet Vanl.cemputien
lelephoise 3216 34 34 45
Fmml  grevtsanleempuren gz kulew <o he
Recruitment Mutus:  Recrnishing

Facility:  Alherta Children's Hlaspital
Calgary Alberta, Canada
Recruitmuent Statust Notvel recruiting

Facility: & ondon Health Seienwces Uente
Fondan. Ontane., Canikla
Contact:  Axhratunissa Junmohanimad
felephone  S14-685-R20U7
Fmarl  ashradu mssa o lhse oneg
Recruitment Status:  Recrueing

Facilit Graupe Hespatabwer Lo Piwe-$ wre
Pans, France
Contact:  Demis Jde 4 astro
Telepwme 33 1 42105863
temanl  dodecasiog g msutat-myalogie
Recruitment Status: Recrting

Fucility:  Servce de Neuropediatne, hd a Timanz
Marsestle. France
Contact;  Cecte Hulbent
Telephaae 311491386720
Fmad  cecichalber goyahao. (v
Reeruitment Status: Recruiling

Facility:  Newromusgolar conier of Nam
Nanles. brance
Contact: Raphaelle Chassericas
lelephane 33 24083617
Emait Raphaclle Chassenican @ chu-n.. ir
Recruiment Status:  Reeruling

Fueility:  nnersiy Hospitat
Freibury. Germam
Contact: rsula Wen
Telephone 49 761 2707711
Eminl  ursola wem goumklimk-freiborg
Recruvitment Status:  Reeruling

Factliy:  Umseraly Chine for Children erstly of Lssen
Essen. Crermam
Contact: Barbel Leiendecker
Telephone 44 2011 7232508
Emml|  bactbellvendecker uk-cssen
Recrvitment Status:  Recruiing

Facitits:  Hadassab Medical Center. He rversity Hosptal
Jerusalem. Tsracl
Recruitment Statuss  Nal s et recruiting

Facility:  Ouspedale Pedutnco Bumbine
Ronee. {taly
Recrulsment Statuss Nol yel recrunimg

https://register.clinicaltrials.gov/prs/app/action/Sc cctProtocol/sid/S0001 D4 T/selectaction/V... 8/7 .

It

t7

HIR




\ wew Protocol Record

Fueility: U O Complessa di Neurepsichia
Rome, lials
Contact:  Murika Pane

Telephone 34 347434 7864

Emadl  mardapane ¢nn call.n
Recruitment Ntacus:  Recruiting

Facility;  Ogpedale Maggiare Polichnies o
Malan, Hah
Contact:  Stelann Coru
Telephome 31128 03 3807
Fmad  spefanis congbummt il
Recruitment Status:  Recrunting

Facility:  Hospila) Untiversitan La o
Valencia. Spam
Recruitment Status:  Nolvet reennbng

Favibity:  lospuial Sam Juan & dey
Rureelon Spam
Recruitment Status;  Not y et recrurbng

Facility:  Queen b Children's Haspazal
Goteburg. Swwlen
Cuntact: e Sterha
Telephone 36 3] 3438207
Email  wdriha sterky o gregion.se
Recruitmen Statux;  Recrumng

Facility:  Astnd Laadgeen Pediatiie Hospit
Slockhadim. Sweden
Contact:  Frika Trelsson
Telephung 46 B S1777474
Recruitment Stabus:  Recrutng

Facility: oty of Neweastle, Institute ol'H
Nuweasile, United Kingdam
Contact: Jane Barnes

Telephone 44 191 216 3672

Email  jaae barnes el ac.uk
Recruitmuent Status: Recrusting

Facility;  Ipetn) College London, Hamn
London. Yinned Kegdom
Revvuitment Statwe: Notyel recrunting

Fagility;  Robert Jones and Agnes Hunp O
Sheopstere. Unued Kingdom
Contact:  Meredith James
Telepbone 14 1651 464047
Email  Meredith dames g, rjah nhs uk
Recrpitment Status: Recraung

Facitity:  [nsutue For Neoromuscular Res

Westmead. Austraha
Recevitment Status:  Nol yer recruiting

Facility:  Rouval Chutdsen's Elospital
Purkvlle, \ ietrna, Australia
Contact:  Momgue Ryin
Telephane o U348 4h33
gl JMuonies @neuro. cofumbia edu
Recruitment Srarus: Recruming

Facility:  Hotsh Columba Children's Hos
Vapcouver. British Unlumbsa, Canada
Recruitment Status:  Not el recronng
The Childrens Huspital; & NOTE imssin,
Universits of Ruchester: @ KOTF nissiny

oy

il

Crenctics

th [ospaat

die NS Trust

The Chitdren's Huospaal o0 W estmud

wald postal coge
vuld postal conle

Children's Hospital «f Buston/Barvard Mra- s Schonl: @ nOIT mpesg ar i alid postal code

University of Utah: @ NorE missing oy i
Southwesrern Universiev; @ NOTE missor
University of fowa Heslthcares @ NOTE: ¢
Child Nearslogy Center of Pensacota: o
Duke University Medieal Center: @ NOT)
University uf Kansas Medical Centrer @ 6

postp] ende

v alid postal eode

woor v atid postal code
mzssme o tesulud postat code

sing o7 i abid pasial ende
MUSHINE oF IV A postal vode

Washington Univ ersity Sehuol of Meticine *¥ SOTE missing or myalil postal code

University of Mioneseta: @ NOTE aussing
Children’s Hospital of Phifaelphia: @ N
Columbia Unis ersity Viedieal Schaol: @ &
Universits of California-Davis: @ NO [

hips://register.clinicaltrials.gov/prs/app/action/Selv 1 Protocol/sid/S0001 D41 /selectaction V...

il postal code

nissing ar invidid pestal code
missing or s alid postad cody
e or i dlid pudal code

Page 6 o

871200 X




Exhibit G



John R. Parkin M.D.
1705 Anne St NW
Bemidji, MN 56601
[218] 333-4710C
[218] 333-4728 FAX

Langdon Miller M.D.

Chief Medical Officer

PTC Therapeutics

100 Corporate Court

South Plainfield, NJ 07080

Dear Dr. Miller,

I am writing as the initial step of a compassionate use
application of PTC 124 as a single patient IND for a patient of
mine. As the first step, we would need agreement from PTC to
provide the medication

Jacob Gunvalson [DOB 10/05/91] has been a patient of mine since
birth. In early childhood he was diagnosed with Muscular Dystrophy
[MD] secondary to a nonsense stop codon mutation of his dystrophin
gene. Fortunately he has not had any major medical complications
from his MD but his motor functions are deteriorating in spite of
aggressive therapy. He does show stunted growth and Cushingoid
features from the long term steroids.

His major medications at this time include Deflazacort, Fosamax,
Enalopril and Prevacid. He also has been treated with an
experimental protocol of IV gentamycin 3 times weekly. This has
slowed the progression of his disease but appears to be losing
effectiveness.

His general health remaing good thus far. Specifically his most
recent echocardiogram [11/03/05] was normal with an ejection
fraction of 79%. Pulmonary functions were last tested [12/30/04]
and were also normal. He has not had pneumonias. Dexascan
[5/12/04] did show decreased but improving bone density and he has
not had any fractures. His most recent creatinine clearance was
normal at 86 ml/minute,

I am aware of the cystic fibrosis trials and the current MD trial
in progress. If the MD trial shows any promise, I would like to
gsee Jacob start PCT 124 as soon as possible before any further
deterioration occurs.:

Jacob is a pleasant, bright adoclescent who is motivated to
succeed. He hasg been cooperative in his therapy and treatments. He
can still walk short distances with a pronounced abnormal gait and
uses an electric scooter for longer walks.



His parents are very knowledgeable about MD and understand the
potential risks of a phase 2 drug such as PTC 124. They have also
been very active politically in getting research funds for MD.

I feel that Jacob would be an ideal candidate for a single patient
IND under compassionate use. It is important that this be started
as soon as possible before further deterioration occurs.

I would be glad to answer any guestions or discuss this further by
any means you wish. I appreciate your careful consideration of my
request. Thank you.

Sincerely

John R. Parkin M.D.
johnparkin@meritcare.com
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April 14, 2006

John R. Parkin, MD ~GrERAPELUTICS
MeritCare Bemidji
1705 Anne Street NW

Bemidji, Minnesota 56601
Dear Dr. Parkin:

Thank you for your inquiry regarding a single-patient protocol for Jacob Gunvalson. 1 would like to provide
you with some details about the current clinical development of PTC124.

At this point we have Phase 2 studies ongoing in cystic fibrosis (CF) and in Duchenne muscular dystrophy
(DMD). In the CF Phase 2 program, we have performed an interim analysis of data from the first 15 patients
who have received two 14-day courses of PTC124. ’

The findings show evidence that PTC124 can increase chloride channel activity in some patients. 1n the DMD
Phase 2 study, we are not yet in the position to perform an analysis and therefore have no indication of
PTC124’s activity in DMD patients. The safety data for CF and DMD are also limited and are awaiting data
monitoring committee review. Therapy in the Phase 2 clinical trial program is currently limited to a total of 28
days, based on the duration of preclinical toxicology data available to date. A long-term preclinical toxicology
program is in progress as a prelude to conducting longer-term clinical trials in CF and DMD.

Given this situation, implementation of an expanded access program at this time would be premature. While we
are encouraged that the available data may suggest proof of concept in CF, these data were obtained in only a
small number of adult patients receiving PTC124 for a short petiod of time. We cannot be sure that the
preliminary results in CF will indicate long-term clinical benefit in CF, nor can we surmise that the preliminary
CF findings will predict clinical benefit in patients with DMD.

We want to avoid unacceptable risks for patients and be certain that we do not jeopardize the development of
PTC124. Our clinical development plan is designed to ensure that PTC124 becomes available for all patients
who might benefit if its efficacy and safety are eventually proven. Thus, we must finish the additional
toxicology studies and complete accrual to the current Phase 2 clinical trials in CF and DMD. We expect to
complete our further toxicology studies and Phase 2 clinical trials in CF and DMD by the end of 2006, with data
available following compietion.

I would like to suggest that we plan to be in touch in early 2007 once more information is available. In the
meantime, should you have any questions, please do not hesitate to contact us. In my role I am often traveling
and T did not have an opportunity to see vour letter until late last week. The best point of contact here at PTC
Therapeutics is Ms. Kerri Donnelly (kdonnelly(@ptebio.com; 908-222-7000, x112). Ms. Donnelly will ensure
you receive a prompt reply and she is always able to reach me and anyone else within PTC Therapeutics who
could be of assistance.

Best regards,

Longgitin 4. Wil >
Langdon L. Miller, M.D.

Chief Medical Officer
PTC Therapeutics

cc! Ms. Kerri Donnelly
Ms. Cheri Gunvalson



