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PROCEEDINGS (8:04 a.m.)

Agenda Item: Opening Remarks, Conflict of
Interest Statement

DR. SNYDER: Why don’t we get started?

When last we left our heroes, they were poised,
answering the following question -- before we can get
started, we have to hear the conflict-of-interest again.

MS. DAPOLITO: Patience. Bear with me. Thank
you.

This announcement is an addition to the conflict-
of-interest statement read at the beginning of the meeting
on February 25 and will be part of the public record for
the Cellular, Tissue and Gene Therapies Advisory Committee
meeting on February 26.

The committee will continue to discuss topic I,
oocyte modification iIn assisted reproduction for the
prevention of transmission of mitochondrial disease or
treatment of infertility. This is a particular matter
involving specific parties.

For topic 11, the committee will hear updates on
guidance documents issued from the Office of Cellular,
Tissue and Gene Therapies, the Center for Biologics
Evaluation and Research. This 1s a non-particular matter.

For topic 111, the committee will discuss

considerations for the design of early-phase clinical



trials of cellular and gene therapy products. This is a
particular matter of general applicability.

Based on the agenda and all financial iInterests
reported by members and consultants, no conflict-of-
interest waivers were issued under 18 USC Subsection 208.
Dr. Jane Lebkowski is serving as the industry
representative, acting on behalf of all related industry,
and is employed by Asterias Biotherapeutics in Menlo Park,
California. Industry representatives are not special
government employees and do not vote.

With regard to FDA’s guest speakers, the agency
has determined that the information provided i1s essential.
The following information is being made public to the
audience to objectively evaluate any presentation and/or
comments. Our speakers from yesterday, Drs. Dieter Egli,
Mary Herbert, and Shoukhrat Mitalipov, have associations
with firms that could be affected by the committee
discussions. There may be regulated-industry speakers and
other outside-organization speakers making presentations.
These speakers may have financial interests associated with
their employer and with other regulated firms. The FDA
asks, In the interests of fairness, that they address any
current or previous financial involvement with any firm
whose product they may wish to comment upon. These

individuals were not screened by the FDA for conflict of



interest.

This conflict-of-interest statement will be made
available for review at the registration table. We would
like to remind members, consultants, and participants that
1T the discussions involve any other products or firms not
already on the agenda for which an FDA participant has a
personal or imputed financial interest, the participants
need to exclude themselves from such involvement, and their
exclusion will be noted for the record. FDA encourages all
other participants to advise the committee of any financial
relationships you have with any firms, i1ts products, and,
if known, 1ts direct competitors.

Thank you.

Again, | would just like to say that the media
contact i1s Ms. Jennifer Rodriguez, who iIs over there waving
her hand. Thank you.

DR. SNYDER: That was just in case anybody
started a business overnight.

What we’re doing is winding up the discussion of
topic Il1. Just to refresh your memory, that question was:
Please discuss the potential risks of mitochondrial
manipulation technologies to the women with either
mitochondrial disease or infertility and to the resulting
children.

At the time we were getting last bits of summary



comments from going around the table. 1 think we had left
off with Dr. Cripe.

Agenda Item: Committee Discussion of Questions
(cont’d)

DR. CRIPE: Despite having slept overnight on it,
I did not come up with any other important points that
haven’t been already articulated well.

DR. SNYDER: Dr. Emens?

DR. EMENS: I agree with all the prior discussion
as well.

DR. SNYDER: Dr. Bugbee?

DR. BUGBEE: First thing in the morning, | came
up with one question. As far as the child that’s part of
this trial, after hearing the complexity of phenotypic
expression of mitochondrial disease, | think there should
be some safeguards to the child. Any symptom, illness, or
anything the child presents with, would it have to be
worked up for mitochondrial disease or do we have enough
knowledge about that that we could tell this individual
that every cold or every muscle cramp is not a
manifestation of disease we didn’t previously know?

So that would be one thing that the trial would
have to address.

DR. SNYDER: Dr. Cedars?

DR. CEDARS: The only thing I had to add has to



do a bit with efficiency, and In terms of risk to the
woman. Because this requires an IVF process, | think the
efficiency of the IVF process itself i1s relevant, because
it has to do with how many cycles of stimulation and
retrieval the person might undergo. | think there’s a lack
of awareness that even in young, fertile women, each egg
only has about a 10 percent chance of leading to a live
birth. |If the efficiency of the system diminishes that
even more, | think there needs to be an awareness of what
that might involve and the number of cycles that might be
required to move forward and be successful.

DR. SNYDER: Great. Dr. Cohen.

DR. COHEN: AIl my comments will be made in the
next session about clinical trials and the design.

DR. SNYDER: Great. Thank you. Renée?

DR. PERA: 1 didn’t have any additional comments.

DR. SNYDER: Carmen?

MS. BUSTILLO: I didn’t have many comments
either. 1 agree with Marcelle. 1 think we have to be very
clear about the efficiency because of the repetitive
nature, perhaps, of the procedures the patients might have
to undergo.

DR. SNYDER: Okay, great.

To help flesh out the discussion before I kind of

summarize what the sense of the meeting was, Dr. Hursh



wanted to make a few comments concerning certain aspects of
diagnosis.

DR. HURSH: There was one thread that 1 picked up
on yesterday. People were saying, why would you do this
procedure 1f you could actually determine that a woman had
good oocytes by PGD? 1 think Dr. Herbert addressed that in
her talk yesterday. There are women with a level of
heteroplasmy in which PGD would be useful and predictive,
and there are women whose level of heteroplasmy is so high
that you cannot assume they will have any normal eggs.

So as we go forward to enrollment, I just wanted
to make that distinction so that people understand that
that might be a useful thing to think about. Maybe Dr.
Herbert would address what level of heteroplasmy -- if that
could be addressed -- you would think would be appropriate
for enrollment.

DR. HERBERT: For a homoplasmic woman, she’s not
going to have any normal oocytes. All of her oocytes would
be affected. That’s a definite. For women with high
levels of heteroplasmy, it may vary between mutations -- 1
think other people might be better qualified to talk about
that than 1 am -- but you have a reduced chance of getting
normal oocytes with high levels of heteroplasmy, we can
say. We have had patients for PDG who had no embryos to

replace because they were all affected.



DR. SNYDER: Go ahead.

DR. MITALIPOV: There have been a few cases of
PDG done, especially with MELAS. The issue is what
percentage of heteroplasmy is safe. | think at this point
it’s not clear. There has been a recommendation of maybe
30 percent and lower. But many patients now realize that
even that’s not safe, because the child, after even 30
percent detection at the PDG, may have higher after birth.
So they are actually opting out by 5 percent lower. In
most cases you’re not going to have an embryo with that low
heteroplasmy.

So that’s a limitation of PDG. Even if you could
select, you could never select low enough the heteroplasmy
that would be safe for the child or the next generation.

DR. PERA: Can 1 just comment on that? 1 don"t
know how good that data is. | would actually really
question that data. 1 think that if you look at a
population, there should be some level of heteroplasmy that
is safe. | have heard also that most people have some
heteroplasmy. So that seems unreasonable.

But 1 would agree on the homoplasmy that if a
person has complete penetrance, that would seem to be a
reasonable thing.

But 1t would seem to me that there would be some

need for some research on the levels that might be
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acceptable.

DR. KEEFE: There are actually two papers in the
last two years that directly address this. One is from
Treff and Scott of RMA in New Jersey, where they had a
single case, where 1t was a woman with MELAS who had 40
percent in her leukocytes. The heteroplasmy level In her
eggs varied from 9 percent to 90 percent. They were able
to find In trophectoderm a very low level and transfer a
boy. So they used it for sex selection.

The other case is more of a review. It’s a
modeling paper from the group In Maastricht in the
Netherlands. They looked at pedigrees of women that had a
variety of different mitochondrial DNA diseases. They had
a number of cutoffs. This was not using PDG data, but it
was modeling what would be predicted based on what the kids
were and what the mother was. They argued that a woman who
has 18 percent or less heteroplasmy has a 90 percent chance
of having a child that was unaffected. OFf course, it’s a
sliding scale. 1t depends a lot on the specific
encephalopathy.

It might be helpful to get those papers
distributed. They are published. People can go online now
and pull them up.

DR. SNYDER: Do any of the speakers have any

comments they want to add? Go ahead, please.
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DR. DIMAURO: Just a brief comment. 1 think we
have to be clear when we talk about heteroplasmy about
which tissue we are talking about. |If you talk about blood
leukocytes, that’s extremely non-representative of other
tissues. In fact, it has been shown repeatedly that if you
compare the heteroplasmy in leukocytes and iIn urinary
sediment, another very easily accessible tissue, the
difference i1s huge sometimes. You are much more likely to
detect a substantial level of mutations iIn urinary sediment
than in blood.

So we have to be clear what tissue we are talking
about.

DR. BUGBEE: Can you clarify, then? If someone
presents with some clinical signs of encephalopathy, do you
have to do a brain biopsy to determine the heteroplasmy iIn
the brain tissue? How do you diagnose that?

DR. DIMAURO: Not quite. Fortunately, muscle is
a very good representative, apparently, of the mutation
level. 1°m not saying the muscle represents brain
necessarily, but muscle gives you a very good idea of risk
of developing the disease.

DR. BUGBEE: So back to my original statement I
made. |If someone presents who has been in this trial who
has some symptomatology that may be ascribed to

mitochondrial disease, you can simply do a muscle biopsy
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and get the information that you need to tell this
individual whether or not they may be at risk or have
mitochondrial disease. |Is that correct?

DR. DIMAURO: That’s in fact what we do. 1 am a
great advocate of muscle biopsy. Yes, it is invasive, but
minimally so, really, and it gives us a lot of information
about diagnosis.

DR. BUGBEE: If I may ask one more question, back
to this discussion topic 11, this child that’s in this
study as a recipient could have a muscle biopsy at an early
age -- one iInvasive procedure -- and you could have the
information you need to understand the risk of that or the
success of the treatment. Is that correct?

DR. DIMAURO: As 1 understand at least the
preliminary data from the treatment, hopefully that would
not be necessary. But, yes, that would be an extremely
cautionary measure to reassure ourselves that the child has
in fact almost no mutation road.

DR. SNYDER: Do any of the other speakers want to
make any comments before we summarize?

(No response)

Okay, good. 1’11 restate the question, but what
I will do is -- Dr. Gearhart did do his homework assignment
and came up with a way that he and some of his colleagues

would suggest we rephrase a lot of these questions. So



13
1’1l just throw that out there. It doesn’t necessarily
need to be discussed. It talks about trying to capture
more accurately what it is that these procedures do.

The question as written 1s: Please discuss the
potential risks of mitochondrial manipulation technologies.
What Dr. Gearhart would suggest is that, rather than simply
calling them mitochondrial manipulation technologies, we
describe them as “spindle and pronuclear transfer
technology i1n assisted reproduction for prevention of
transmission of mitochondrial disease” -- or a shorter way
of phrasing 1t, “oocyte and embryo manipulation for the
prevention of mitochondrial disease.”

Regardless of how I read the question, if you
prefer, hear this iIn your mind, as to the way it’s being
phrased.

The question for topic number 1l that we just
completed discussion was: What are the risks of these
procedures to the women with mitochondrial disease or
infertility and to the resulting children?

Again, 1’11 try to summarize what 1 thought the
sense of the meeting was and what the committee felt.

With regard to risks to the women -- and the
reason why this will be important is relevant, obviously,
to the next question, which is going to be dealing with how

one would actually design a clinical trial that takes these
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risks iInto consideration -- risks to the women here would
be the standard risks of IVF technology, which include
ovarian hyperstimulation and the recognition that there can
be variability of efficiency of these procedures, even iIn
young, fertile women who sometimes have to undergo many
cycles. There may be some psychological issues, as well as
medical issues, in the pressure to give informed consent to
become pregnant, perhaps iIn situations where a woman with
these diseases actually should not be. So there may be
some psychological vulnerability to give consent --
everything ranging from feelings of guilt when they should
actually not be doing this and a lack of appreciation of
what the real risks are -- and then the actual risks of
pregnancy, which may actually be even greater in a woman
who carries a mitochondrial disease.

Then there are the standards risks of pregnancy,
which can include preeclampsia, which may be greater in
this population.

Then 1t was brought out that there are even risks
of being enrolled in a clinical trial:

e Sometimes these women can become quite sick,
particularly 1T they have a disease and are undergoing
pregnancy.

e Subjecting a woman to procedures who is

actually at low risk for giving birth to a child with these
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mitochondrial diseases.

e Conversely, subjecting a woman who is already
sick from these diseases to even greater risks.

e The risk of cryopreservation of the gametes,
which i1s still a bit unknown.

In terms of risks to the fetus:

e It was brought out that there’s the risk of
aneuploidy.

e The risks of aberrant imprinting.

e The risks of decreasing the number of
mitochondria or manipulation of the number of mitochondria.
Right now it’s unknown exactly what the proper number
should be.

e The risks of actually undergoing PGD.

e The risk of some health issues that are
actually unrelated to mitochondrial disease as being
attributable to the mitochondrial disease or to the
procedure -- that new diseases could actually emerge in the
fetus as a result of the manipulation, everything from
microtubule abnormalities to the influence of the Sendai
virus extracts.

e Ultimately -- and this gets into the child --
whatever the psychological burden might be of a child with
the knowledge of having been selected one way or the other

or having been in a clinical trial or been part of an
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experiment.

Once the child i1s born, 1t was brought out that,
particularly if they do have some degree of the
mitochondrial disease or as a result of the manipulation,
there could be subtle problems noted in behavior,
everything from developmental delay to subtle developmental
problems, to autism, to exercise intolerance, ranging all
the way to some fluoride(?) problems, like major
cardiomyopathy.

It was thought that one strategy that could be
used to try to minimize these risks would be careful
screening of the donors, very sophisticated informed-
consent procedures, and also very sophisticated and
detailed genetic counseling, ensuring, since a lot of these
problems may not manifest until much later on, that none of
the study subjects -- particularly the kids, but also the
women -- are not lost to follow-up, and this very long-term
follow-up.

There was, finally, a debate over the degree to
which PGD could be predictive and whether this was
influenced by the degree of heteroplasmy. For example, it
was cited that i1f PGD did determine that there was less
than 18 percent heteroplasmy, there might be a greater than
90 percent chance that the offspring would not be affected.

But this is a matter of debate and requires further
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investigation.

The last point, in terms of strategy, Is knowing
which tissue to assay that would be most predictive of the
impact of heteroplasmy, and muscle might be one of the most
informative tissues.

Did 1 get anything wrong? Did 1 miss anything?
Should we add something?

DR. KEEFE: Not exactly wrong, but just a
refinement of the i1ssue of PGD versus this procedure. The
concern i1s that a woman could be led down the primrose path
towards a procedure that’s experimental, missing the
opportunity to pursue an established procedure --
relatively established -- that may have fewer of the
concerns. The specific data is that in a muscle biopsy
showing 18 percent or less heteroplasmy, there’s a 95
percent chance that, with nothing, her kids will be fine,
that she will have a normal kid, through IVF and PGD.
That’s the data.

So the concern would be, 1f you willy-nilly
established a protocol, many participants may pursue this
and neglect a presumably safer and more established
procedure. 1 think 1t’s a slightly different point than
what you made with the PGD issue.

DR. ROSE: 1 actually have a question about that.

You said that was a model. Has it been shown with patient
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and clinical samples -- 1.e., really a validated diagnostic
test that can be relied on In the way that you would
normally rely on a validated diagnostic?

DR. KEEFE: Specifically -- and, again, 1 refer
this to anybody who iIs interested; 1t’s Human Reproduction
Update, July 2012 -- the model is using pedigree. So if
anything, by introducing PGD into the equation -- these are
just women that did have families. They didn’t introduce
the PGD variable, which, if anything, would confer
additional sensitivity to eliminate. Women with 18 percent
or fewer levels of heteroplasmy in muscle biopsies had a 95
percent chance of having unaffected offspring.

The only modeling is then implying that if one
then did PGD, one would have a very, very high probability
of 1dentifying normal embryos. These are women who just
went out and had children, and 95 percent of them had
normal children. So presumably, then, it’s not such an
extension of the model to then say, if we had done PGD on
them, we would have -- iIn fact, 1If anything, we might have
even had a higher percentage, because presumably not all
the eggs are used in natural reproduction. So that’s the
extension of the model.

Again, | refer you, if you want to pull 1t up on
your smartphone, it’s Helabrakers (phonetic) et al. in

Human Reproduction Update. 1 think it’s the most
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comprehensive.

Then the other one is Fertility and Sterility,
2012, with Tress (phonetic) the first author, where he just
had one pedigree, just one woman.

DR. ROSE: I understand what you’re saying, and
that’s a great piece of data. But there’s a lot of work
that has to go into making it a clinically validated test
that you can rely on for diagnosis and going forward. We
have seen a lot of things that look really good based on
that type of data that, when it gets out to widespread use,
turn out not to be the case.

DR. KEEFE: No, I wouldn’t imply that we should
willy-nilly just apply this uniformly. My bigger concern
about the clinical trial would be to suddenly enroll a
number of women who had relatively low levels of
heteroplasmy -- sort of easy hits -- who then are led into
a trial without even considering the opportunity. What 1
have heard so far -- it’s controversial, it’s not clear.
You’re right, there’s a lot more work to be done.

But if you weighed the balance of the evidence,
it suggests that there is some value. In fact, the
conclusion of everyone that I looked at over the last five
years 1s that it’s very promising, the idea of it -- by no
means done, but promising. The concern about a trial would

be to -- it’s very controversial, right. So therefore come
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into our trial. 1t would be very important to lay out that
explicitly.

That”s my point.

DR. EMENS: Just to add a little bit more
perspective about the muscle biopsy, can you explain what
is involved in that? 1Is it a core needle biopsy? Is it
incisional biopsy? How invasive is it?

DR. DIMAURO: In our experience, frankly, there
is not much difference in either pain or risk in doing one
or the other. But a needle biopsy would be certainly
sufficient.

DR. SNYDER: Yes, Dr. Herbert.

DR. HERBERT: Can 1 just make two points? One 1is
in relation to the burden of being the chosen one, iIn
relation to the risk to the child. In every IVF procedure,
we choose one or two embryos from the cohort. So every IVF
child has the burden of being the chosen one.

The other issue is, no woman would be forced to
have this treatment. It is an option. It will be offered
as an option to those who wish to have children, in order
to reduce their risk.

DR. SNYDER: 1 didn’t mean to imply that anybody
would -- what was brought out by one of the committee
members was the self-imposed psychological pressure to try

to do something to minimize the risk of your kid, which is
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standard in any kind of clinical trial. A mother or a
family sometimes feels that they are letting the family
down if they don®"t do something, sometimes putting
themselves at unnecessary risk.

I can’t remember who brought that out, but that
was one of the points.

DR. WENSTROM: When 1 said that, 1 was thinking
about the MOMS trial. |1 was a surgeon for the MOMS trial,
which was a trial of prenatal surgery for spina bifida. 1In
recognition that a lot of parents would feel compelled to
do this procedure, which was of unknown benefit and
involved a lot of risk, they had to undergo a huge amount
of psychological screening and counseling, and meet with an
ethicist. 1 think this could be easily adopted for this
kind of research.

DR. SNYDER: We actually have seen that in a lot
of these clinical trials. As a pediatrician, | see this.
The family sometimes does feel this burden. Particularly
the mothers take on the burden greater than any of the
other family members.

Any other aspects that we should discuss before
putting closure to this question?

(No response)

Before we move on to question number 3, we want

to have Dr. Steinbock discuss briefly some of the other
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underlying issues that kind of attend everything that deals
with the topic that we’re discussing, which is spindle and
pronuclear manipulation or manipulation of the oocyte and
the embryos.

DR. STEINBOCK: 1 understand that the mandate of
the FDA i1s safety and efficacy, risks and benefits. But I
would suggest that it’s difficult to talk about risks and
benefits unless you characterize what it 1s you would be
doing. There seem to be at least two conceptualizations of
this proposed therapy.

There was a newspaper article. 1t gquoted Dr.
Mitalipov as saying, we’re reversing them back to normal,
so | don"t understand why you would be opposing that.

That’s one way of characterizing it.

The other way of characterizing it is to say, as
it also says iIn this newspaper article from USA Today, 15
years ago, the United Nations endorsed a global agreement
prohibiting scientists from altering the human genome.

We had a little bit of discussion yesterday about
whether it is altering the human genome, whether i1t’s
altering the human genome in a way that’s different from
just ordinary sexual reproduction. How you characterize
what you would be doing, 1 think, definitely could
influence your analysis of the risks and benefits.

As a philosopher and a bioethicist, it seems to
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me that 1t would be a good idea not to just pretend that
this Issue doesn’t exist, but at least to lay it out, even
if this is not something that the FDA feels is within its
purview to resolve or settle.

DR. SNYDER: [Is there any discussion of the
points that Dr. Steinbock brought up?

DR. WOODRUFF: I guess I would concur with that
generalization, that there are two camps here. One of the
reasons | called for a consortium yesterday was different
from the call for a consortium for bringing patients
together and bringing research together, which is really
critical. But the notion here is that there are
prohibitions globally around interventions. And there are
NIH restrictions, under the purview of the Dickey-Wicker.
So this would necessarily stand outside of the purview of
ordinary review. | think FDA would have to work within
that guidance as well.

I have a hard time, as | read questions 3 and 4,
even understanding through what prism we could discuss
these, given those overriding, framing governmental and,
even beyond that, humanist kind of view of the topic per
se. There would be value In the exercise, perhaps. But I
think by going down this path, we kind of move towards one
of those two goals, rather than asking if this is even

something that, globally, we should be even talking about.
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The last sentence was really not correct. |1
think we should talk about it, but I think that talking
about it in the context of what a clinical trial would look
like is different, because the prism through which we can
do this i1s at a completely -- i1t’s diffracting In a very
different way. Under Dickey-Wicker, under UN, under US
federal law, you can’t really necessarily get to questions
3 and 4.

DR. SNYDER: 1 think probably, with regard to
Dickey-Wicker -- and officials from the FDA can clarify
that -- as long as you’re not using federal funds, then
it’s okay.

DR. WOODRUFF: Correct.

DR. SNYDER: In that sense, all of assisted
reproduction violates Dickey-Wicker.

DR. WOODRUFF: Not for research, if you are doing
it not In the context of research. 1 do think that Dickey-
Wicker does provide the opportunity for research to occur
iT you have funding elsewhere. 1f the FDA, though, then
gives guidance on how to do a clinical trial that includes
the production of embryos for research, which -- there’s
almost no way you can do a clinical trial and say that
every embryo is going to get transferred -- I don"t know.

DR. SNYDER: Correct me if I’m wrong. |If the

clinical trial was funded by a private entity, then it
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still would need to be approved by the FDA, but it’s not
using government funds, and therefore doesn’t come under
Dickey-Wicker, whether 1t’s research or a clinical
intervention.

DR. WOODRUFF: That’s true, as long as then we
decide the other issue, which is that this isn’t just IVF.
How do we think about moving the spindle, and where does
that fit within the purview of what we have decided to do
or not do?

DR. SNYDER: 1 guess this is where we do have to
get back on topic. We decided that what we wouldn’t do is
talk about public policy or the ethics. | think we need to
recognize -- and as many of the letter writers from the
public pointed out -- and we all saw some of those -- some
people will make the point that -- even though our charge
is to talk about the scientific and clinical aspects of
this, some of the letter writers and speakers said it’s
impossible to divorce it from the social and public policy
and ethical aspects of it.

Having acknowledged that, 1 think probably what
we should get back on track is -- let”’s assume that we will
now be able to do a clinical trial, under some type of
guidance and restrictions. Scientifically, what is the
best way to design a clinical trial such that we get the

most information with regard to safety and efficacy, while
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minimizing the risks to participants?

DR. HURSH: I think we just want to clarify that
the Dickey-Wicker amendment does not affect anything the
FDA would do. 1t i1s true that the trial couldn’t be funded
by NIH, but I don"t think anyone is contemplating that.
Really, the FDA could be confronted with this, whether
Dickey-Wicker exists or not. As | said and Dr. Witten
said, we acknowledge that there are many, many larger
issues, and we’re very eager to see those discussed. But
it doesn’t get past the notion that this could come forward
and we would have to make some decisions about I1t.

DR. STEINBOCK: If I understand what you are
saying, the framing of this would be: Bracket the question
of whether this is germline therapy or manipulating the
human genome or conventional treatment. |If you bracket
that question, what would be clinical trials that would be
well designed and give us the most information about
safety? Then perhaps somebody else can say, regardless of
the safety i1ssues, we have to decide whether this is
something we should be doing or not.

Is that what you’re suggesting?

DR. SNYDER: Right. Hypothetically -- and we’ll
see as the discussion unfolds -- i1t could be that somebody
says that the only way to be able to assess whether you

have put the fetus at risk is to do X, Y, or Z. Yes,
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that’s the i1deal way to do 1t. We simply cannot do that.
That would be the point and then the counterpoint or the
caveat to that.

I think first we should probably get out the
science. What would be the best-designed clinical trial?
Then we can see whether that’s in any way feasible or
acceptable, quite frankly.

One of the issues -- | think 1t actually comes up
more in the afternoon, and 1 don"t mean to link these
two -- what kinds of controls do you use in a clinical
trial? |1 think this will come up in the afternoon session.
There’s a divide between how the Europeans view controls iIn
a clinical trial versus how the Americans view controls in
a clinical trial. Americans feel very comfortable, for
example, with sham-operated controls. The Europeans really
do not like doing that and do not include that In their
clinical trials.

So there’s an example of where we can talk about
the best procedure for getting the most information, then
decide whether that is within our comfort zone.

DR. WOODRUFF: A point of clarification. For the
clinical trial, then, are you saying that the clinical
trial could be actually parsed, so that the first part,
which is the intervention and the embryo quality, could be

a clinical trial, without then the burden of having to



28
transfer any embryos. So the trial design today really
doesn’t have to worry about next generation. It can be
bounded by just what the outcome is of the procedure
itself, with the assessment of the embryo as the clinical
outcome.

DR. SNYDER: 1t’s your clinical trial, so you can
design it the way you -- it could be that you feel
comfortable with a clinical trial that ends right there,
and Steve might say, no, 1 want to go for the whole
enchilada.

DR. WOODRUFF: And i1s the whole enchilada morally
based, because you think 1t’s ethically incorrect to make
an embryo to assess the clinical value of the
interventions, and therefore you have to transfer? Or you
think the only endpoint for a clinical trial would be a
live healthy birth?

DR. SNYDER: 1 think this will be part of the
discussion. Let”’s move on to question number 3. This is
what a clinical trial would actually look like, which, for
Steve, may include long-term follow-up of these kids until
they collect Social Security, or something like that.

We”ll see.

Let me phrase question number 3. We”ll have

three discussants. 1 can already tell that this is

probably going to bring us up to the break.



29

With apologies to John, I am going to read the
question as originally written, but in your head you can
hear the way John would prefer it be phrased.

Please discuss the following elements of the
design of first-in-human trials to assess the safety and
efficacy of mitochondrial manipulation technologies to
prevent mitochondrial diseases in children of affected
women and to treat female infertility.

There are actually five parts to this guestion
that we have to address. Hopefully, when we go around the
room, the speakers will address all of these.

The first one deals with enrollment criteria for
a clinical trial. Major enrollment criteria: For example,
for trials to prevent transmission of mitochondrial
diseases, eligibility criteria might limit enrollment to
(1) women with specific mitochondrial DNA mutations,
clinical manifestations, disease severity, extent of
heteroplasmy, or other factors. Selection of only male
embryos to transfer might be an option to minimize the risk
of transmitting mitochondrial disease to subsequent
generations.

So the first part deals with enrollment.

The second part deals with controls, either
concurrent or historical, that should be included in trials

to provide evidence of safety and efficacy.
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The second part of the gquestion is controls.

The next Is how one monitors for safety and
efficacy during fetal development, in the perinatal period,
during early childhood, and thereafter. In addition, for
trials to prevent mitochondrial diseases, female children,
but not male children, could transmit a mitochondrial
disease to future generations. Safety monitoring could be
extended to subsequent generations of female children.

So the third part of the question is monitoring.

The fourth part of the question is informed
consent for inclusion: Any measures, including but not
limited to assent or informed consent of the children, that
might be necessary for the ethical conduct of long-term
follow-up of the children and subsequent generations of any
female children.

The last part is, how does one measure efficacy?

Just to recap, the five parts that we’re hoping
will be addressed when you make your comments are
enrollment criteria, controls, how you would monitor, what
informed consent would look like, and how you know whether
the intervention has been efficacious or not.

To kick off the discussion, we have three
discussants: Steve Goldman, Marcelle Cedars, and Bruce
Cohen. We”ll start with Steve.

DR. GOLDMAN: This one’s a challenge. To design
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a clinical trial In this setting, with all the variability
and all of the i1ssues we have discussed in the last day and
change, i1s, | think, to all of us going to be quite a
challenge.

To try to clarify things up front, our mandate
includes defining a trial design for both infertility --
for the use of mitochondrial addition or supplementation iIn
infertility -- as well as the use of pronuclear transfer,
spindle transfer for treatment of mitochondrial disease.
These are so different. We’re talking about, obviously,
entirely different disease indications, settings, and
likely designs. At least for present purposes, | would
like to break them apart and, to start the discussion off,
restrict comments to the treatment of mitochondrial
disease. 1 think the use of cytoplasmic transfer,
mitochondrial transfer, in fertility is -- again, such a
fundamentally different design would then be elicited in
terms of a trial that that’s best set aside.

Evan, 1 suppose 1t’s up to you. We can then go
and revisit it as a separate discussion or integrate it
with comments from subsequent discussants. But 1’11 try to
restrict my comments to potential clinical designs iIn the
treatment of mitochondrial disease.

Any clinical trial is best done -- 1 should say,

perhaps most easily done -- where one has a relatively
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predictable disease iIn terms of 1ts natural history, with
relatively well-understood mechanisms, with relative
homogeneity in the disease populations, and therefore some
predictability in terms of age- and gender-dependent
symptomatology. Of course, you would like this relatively
homogeneous, relatively understood, relatively predictable
disease to be fairly common so that, of course, you have
large enough sample sizes in both experimental and control
groups. And you would like to have very well-understood
and clearly defined quantitative outcome measures.

The challenge here is that essentially none of
those points i1s really the case iIn mitochondrial disease,
and so we’re dealing with all those as essentially
suboptimal variables.

How to accommodate a design that permits the
degree of disease variability, individual case-to-case
variability, unpredictability, and also the protracted time
course of the disease -- those really become our
challenges.

To start off with, in terms of defining inclusion
criteria -- because, of course, 1t’s the study population
that everything else flows from -- very often in clinical
design, trial design is a question of going with relatively
severe cases so that one can make a case definitively one

way or the other in terms of whether something is affording
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benefit, or going early in disease course or with
relatively less symptomatic cases to achieve greater
potential benefit, although not necessarily as easily
detected. 1 think In this case, given all of the
variability, and especially the lack of predictability on a
case-by-case basis, more severe cases would really be the
preferred, in that we would have a much better sense of
whether or not a therapeutic outcome was achieved.

Who would those most severe cases be? How can
they be defined in a setting where a trial is doable? Of
course, we can look at many of the adult-onset disorders
and say they may be severe, but they are, of course, very
extended in time course. Do we really have the luxury of
setting up a trial where we may not have any observable
endpoints until 20 or 30 years out? | think most of us
would agree that that’s not optimal. So i1t’s really the
early childhood manifestations or those cases presenting iIn
early childhood that would be the most appropriate.

Then, 1f one i1s thinking in terms of Leigh’s or
Kearns-Sayre or MELAS, essentially dealing with the most
severe of these with the earliest presentations, we can
start to define specific mutations that would then be
essentially admitted into a trial.

IT we do have that capability to say, okay, these

are the mutations that are known at this point that will
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most predictably yield the greatest disease symptomatology
at the earliest time points iIn postnatal development, then
I think we can at least start to define a potential patient
popullation.

Then how to define, of course, those cases. That
becomes essentially literature-based. There are so many of
these mitochondrial disorders that are still being
identified with novel mutations that 1 think 1t becomes
problematic in terms of taking all comers based on disease
symptomatology -- for example, if a given case of MELAS
arises, even with siblings. Unless we have some larger
basis 1n terms of the appearance and predictable severity
of that mutation, 1 don*t know that that would be an
appropriate family.

Again 1°m stressing the importance of what is
already out there iIn terms of known mutations, with known,
very early disease symptomatology of some severity.

Then how do we define appropriate cases in terms
of degree of heteroplasmy? If these cases are being
identified either up front on the basis of maternal
pathology or symptomatology or, in sporadic cases, with the
children presenting, then 1t becomes a question of sibling
diagnosis. It becomes a question of which target cell
population to look at in terms of defining heteroplasmy.

Let’s say, just for simplicity’s sake, that we’re looking



35
at PGD and we’re going to define, for a given mutation,
given degrees of heteroplasmy that will be required to make
this an appropriate case.

All of those, 1 think, are necessary up-front
definitions -- the mutation, the disease syndrome with
which it”’s associated, the degree of heteroplasmy. 1 don"t
know, really, how many -- this is something that perhaps
Dr. DiMauro and other speakers may be able to address in
subsequent comments -- how many of the disorders have a
sufficient patient population out there to meet those
criteria. 1 think that will be an important consideration
in terms of defining exactly what study population would be
most appropriate.

Once a study population is defined, then, as the
questions brought out here, do we restrict the trial to
male children? That’s obviously a very tricky issue In
terms of sex selection in this type of setting, ethically
and morally, as well as from the standpoint of clinical
design. But recognizing the possibility that, In fact,
this may not work, that, in fact, things may be screwed up
in ways that are not necessarily readily anticipated, 1
think there i1s wisdom in restricting this to male children,
simply to, frankly, minimize damage if it turns out that
there are any untoward or unexpected adverse effects of the

procedure.
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In terms of controls, how do you set up controls
for rare disorders, with high variability, with a
relatively low database in the historical record in terms
of what to expect, where predictability is poor? Those are
all essentially rhetoric statements. |It’s difficult.

The level of criteria that 1 think we need to
define the study population -- meaning exactly which
mutation, exactly what degree of heteroplasmy, as defined
by which tissue and with what type of family history and
with what type of outcome measures to be defined -- those
are so discrete and, I think, will be so comprehensive that
I don"t know how much we’re going to find in the historical
record that will be of use.

Then the question becomes, do we have matched
controls? Well, how do you do that in this type of
setting, where you are then effectively asking a woman to
go ahead with a birth in an untreated fashion? That has
its own ethical issues, consent issues, both, that I think
would be rate limiting.

One could look at it from the standpoint of
prospective observational controls on cases that are
getting PGD and have degrees of heteroplasmy that may be
ambiguous enough you permit, 1f you will, the woman to go
ahead with pregnancy. That may provide us some

perspective, but hardly a matched control by any means.
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So we are going to be restricted in terms of
appropriate controls. Essentially we will be dependen