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PROCEEDINGS
8:14 a.m.

CHAIR MALMUD: Good morning, everyone. And
welcome to the second day of this session of the
Advisory Committee on the Medical Uses of Isotopes.
I'm Leon Malmud, the Chair of the Committee.

A few housekeeping issues first. Dr. Howe
has kindly distributed to the members of the Committee
this handout which will go under Tab 13. It's in the
manual so that you have it right in front of you.
It's been distributed. For those members of the
audience who are with us, the public who are visiting
with us, there are several more copies available if
you care to obtain one.

We'll begin the session with the
discussions regarding strontium/rubidium from both the
FDA and NRC perspectives. The FDA perspective will be
presented by Dr. Orhan Suleiman, a member of this
Committee as well. The section on the NRC perspective
will be presented by Dr. Donna-Beth Howe, also a
member of the NRC staff who has been extraordinarily
helpful to this Committee.

So if we may, we'll begin. I apologize for
the delay. It was not due to any of the deficiencies
of the members of the Committee. There was an audio-
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visual issue which has been resolved. And with that,
we'll ask Dr. Suleiman to start.

MEMBER SULEIMAN: That's okay. I can see
it.

Good morning. I'll be presenting a brief
overview regarding the recent recall of the Bracco
CardioGen-82 rubidium generator. Since this is an on-
going investigation, I will only present information
that is either already in the public domain or Bracco
has allowed us to share with you. If I happen to
express some of my professional opinions during this
talk, they are not necessarily official FDA or HHS
policy.

I've also asked our medical officers at
FDA who have been actively involved with this issue to
accompany me today. Two of them aren't here vyet. I
think they must be hurtling through the security
process. But Dr. Dwaine Rieves is the Director of the
Division of Medical Imaging Products. This division is
located within the Office of New Drugs in the Center
for Drug Evaluation and Research. Dr. Lucie Yang, who
is to my left, is the Team Leader who is responsible
for the CardioGen-82 product. And Dr. Ira Krefting,
who also hasn't arrived yet, is the Division's Deputy
Director for Safety.
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A brief technical review, I don't want to
go into too much detail, but I think you need to at
least get a grasp that this is a different type of
generator. Rubidium-82 is a myocardial infusion agent
with an effective dose in the 3 to 4 millisievert
range. I'll discuss doses a little bit more later. It
emits a positron which interacts with an electron and
emits two annihilation photons of 511 keV, along with
a 776 keV gamma, which helps distinguish it from other
positron emitters used in PET imaging.

Although  rubidium-82 is a positron-
emitting nuclide, this 1is not your conventional PET
nuclide which is often produced in the local
cyclotron. Rubidium-82 is produced in a generator.
Generators are not medical devices. They are
considered part of the drug manufacturing process
subject to GMP, or good manufacturing practices, and
regulated by FDA and by the Center for Drug Evaluation
and Research.

The parent nuclide for this generator is
strontium-82 which decays with a 25-day half-life to
its daughter product, rubidium-82, which actually has
a 75-second half-life. They exist together in what's
known as secular equilibrium. Strontium-82 1is not
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9

detected directly. It's detected by the rubidium's
emissions. Also present with the strontium-82 is
strontium-85, a product of the production process.

For medical use, the rubidium is separated
from both strontiums by elution through a chemical
column with a solution of saline. So essentially the
strontium is above the column, and when you're ready
to undergo the medical procedure the rubidium
hopefully 1is extracted, eluded, and the strontium
stays behind and eventually is injected into the
patient.

Early in the year, two patients, which we
refer to as the index patients, underwent CardioGen-82
cardiac imaging studies. One of these patients was
scanned in Florida. The other patient was scanned in
Nevada. They both left the country and when they re-
entered the U.S. at different border entry points,
they triggered radiation detectors and had spectral
surveys performed. It was discovered that they had
unexpected 1levels of strontium-82 and strontium-85.
The spectral was analyzed by Los Alamos and FDA was
eventually notified. The fact that they had undergone
their scans several months earlier clearly raised
everyone's concern. I think Homeland Security and
Customs Border Protection really need to be
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complimented. They were pretty wvigilant, but I guess
that's what they're supposed to do.

(Laughter.)

Los Alamos National Laboratory, i1in a
publicly-available report, positively identified the
unique photo peaks associated with those nuclides.
Clearly, Dbreakthrough 1limits have been exceeded.
Breakthrough was independently verified by subsequent
whole-body scanning initiated by Bracco at Oak Ridge
National Laboratories for both of these two index
patients. Bracco has committed to continue such
counting during this entire investigation. And they've
been very helpful.

This is the spectra reported in the Los
Alamos report. The blue spectrum is associated with
the strontium-82's daughter rubidium-82 and shows a
unique 776 photo peak here, if you can see it to the
right. That really distinguishes it from the
annihilation photons. And the 511 keV annihilation
photons which are over here for those who can't see
clearly.

The longer the patient has been
contaminated, the more the strontium-85:-82 ratio
changes because remember the strontium-85 has a 67-day
half-life. So it's lingering around much longer. The
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strontium-82 only has a 25-day half-life. So depending
on the ratio, you can get an idea of how long it was -
- since the patient was actually injected. But that's
been available from patient records anyway.

At this point, we basically wondered are
there other patients out there and 1f so, how
seriously were they contaminated? The next four slides
review our July 15th FDA drug safety communication.
And I have to admit I think it was written pretty
well, where we expressed concern for the contamination
of the potential for increased radiation exposure to
patients.

When this presentation was prepared, we
were not sure what numbers we could share with vyou,
but we now have been given permission by different
parties to share some of the information. So I will
mention some numbers during this talk. The amount of
breakthrough for the two index patients exceeded
limits by 125 and 40 times for the strontium-82 and 7
times both for the strontium-85 component. Although
this clearly suggested a problem with the generator
regarding excessive breakthrough, why was it breaking
through, a questionable safety testing for
breakthrough at the sites was also in question.

We considered the risk at this time of
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radiation harm to these two patients minimal, which
was similar to the amount of radiation patients may
receive from other radiation exams. But again, two
patients detected at the Dborder, was this more
prevalent? Was this more widespread, if at all? And
were some of the patients exposed to much higher
amounts of contamination? So there was a public health
concern that started to creep in. We had to look
beyond our immediate regulatory authority of the
medical product, the generator, why is not performing
the way it was specified?

For initial ©radiation absorbed doses,
based on the Customs' data, were estimated to be as
high as 90 millisieverts or 9 rem. After whole body
scanning at Oak Ridge, the estimated effective dose
was 4.9 rem for one patient and 2.1 rem for the other.
And according to the Bracco consultant, this was 10
times or 4 times greater than the expected 4.8
millisieverts.

Let me state here very carefully effective
dose by itself is really inappropriate. It's a great
metric for comparing doses from other procedures, but
for medical risk assessment, for medical purposes, we
really need to know the underlying organ doses. So I
may be using effective dose here, but the real
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critical issue is what are the doses that the
different organs are receiving.

And Jjust to emphasize the need for
standardization, I just want to make a point here. If
one were to use the actual Bracco product insert organ
dose table which actually states that these patients
should have received 1.2 millisieverts, rather than
the 4.8 calculated by the Bracco representative, they
would have received 38 times or 18 times greater than
the product label.

There are several sets of organ tables out
there: ICRP tables, the Bracco patient insert table,
the current calculation which was using OLINDA
software derived from Merck dose software, originally
developed by the Society of Nuclear Medicine, Medical
Internal Radiation Dose Committee. Using some of these
other tables can yield higher or lower dose estimates.
For consistency and standardization, we prefer to
limit such dose estimates to one method, fully aware
of these differences.

We considered the OLINDA methodology
satisfactory. Did not want to become sidetracked over
which organ dose table or method was more accurate. We
felt that if there were serious levels of
contamination, the dose differences would be much
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greater than the differences or discrepancies among
the different methodologies or organ dose tables.
Having said that, as a member of this Committee, I
believe, however, discussion on organ dose tables
including the inherent level of wuncertainty and how
such dose estimates fit into the NRC's medical event
criteria warrant a separate discussion, not
necessarily for this session.

One major concern was identifying the root
cause of the generator's failure, how widespread this
was in terms of number of patients and what sort of
radiation doses that some of these individuals
actually received. Again, two patients are not an
adequate sample. And there was an overriding tension
in that the longer we waited to look at some other
patients, the more the radioactivity would decay away.

There was much we didn't know then and we
still don't know if this is a safety issue or a
product problem involving generator failure, wuser
error, or a combination of these. And there's some
other factors that we haven't even brought to the
table Dbecause the drug is administered with an
injection system which is actually considered a
medical device as well. And so there are questions in
terms of the accuracy produced associated with that
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product. Obviously, we've been discussing this with
Bracco, the Nuclear Regulatory Commission, as well as
several other state and federal agencies.

As we stated in our July 15th publication,
we didn't know and as I said at this point we have a
better idea, but until -- FDA 1s a science-based
agency and we respect opinions, but we really prefer
facts better. So we need more data.

After meeting with Bracco and discussing
our concerns, including the results of on-going
investigations, Bracco voluntarily recalled the
CardioGen-82 generator wuntil a lot of the safety
issues were resolved. As I said, at this time we
haven't really determined the root cause of the
problem.

In summary, right now there are
investigations going on with Bracco, the State of
Florida, and the State of Nevada. Patients are being
tested and whole body counting will be performed on a
number of these patients. And in closing, I actually
want to thank everyone involved. It's been a bit
stressful for some of the stakeholders, but the State
of Nevada actually moved very quickly and has Dbeen
testing patients for the 1last several weeks and at
this point has tested about 200 patients from Nevada.
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And all I can say right now is there are a number of
them that are contaminated, but until some better dose
estimates are derived, I think it's probably -- wait
just to see how all this plays out.

Also, I learned vyesterday evening, that
the State of Florida had actually begun testing some
patients as of last Tuesday or Wednesday. And we can
answer questions later.

CHAIR MALMUD: Thank you, Dr. Suleiman.

Dr. Howe.

DR. HOWE: Orhan has given you a lot of the
technical details. And what I'm going to talk about is
the regulatory aspect of this. And I have passed out
a handout of our regulations and how they fit into
this and what we're looking at.

The first one is 35.204, the permissible
moly-99, strontium-82, and strontium-85
concentrations. Our requirements and the requirements
are the same as in the recommended state regulations
that a licensee may not administer to humans a
radiopharmaceutical that contains more than .02
kilobequerels of strontium-82 per megabequerel of
rubidium-82 chloride injection or more than 2
kilobequerels of strontium-85 per megabequerel of
rubidium-82 chloride injection. So that's our
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requirement. You cannot -- you are not to give any
more than that.

How are licensees supposed to know that
they've reached this maximum permissible
concentration? If they wuse a strontium rubidium
generator for preparing the rubidium, they shall
before first patient use of the day, measure the
concentration of the radionuclide strontium-82 and
strontium-85 to demonstrate compliance with the
paragraph above. And licensees are also required when
they do make this measurement to keep a record.

So our reguirements, as well as the
requirements in the states, are to measure the eluant
for maximum permissible concentration before first
patient use.

The records that they have to keep are in
35.2204, records of molybdenum-99, strontium-82, and
strontium-85 concentrations. That says a licensee
shall maintain a record of -- I'll skip the molybdenum
part -- strontium-82, strontium-85 concentration tests
required in the earlier requirement for three years
and it has to include for each elusion the ratio of
the measures expressed in kilobequerels of strontium-
82 per megabequerel of rubidium-82 and kilobequerels
of strontium-85 per megabequerel of rubidium-82 and
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the time and date of measurement and the name of the
individual who made the measurement. So we should have
a clear record at licensee sites of these measurements
and the ratios.

While we've been looking at these things
we've discovered that some licensees may not have
understood how to make the test. 1It's a very
particular test. It's a lot more involved than the
technetium generator breakthrough elusion test. And
one has to be very precise with it, so there may be
problems in following the manufacturer's instructions.
There may be other issues with equipment associated
with making the measurements also.

So the first level of regulatory interest
is whether an individual has been given in excess of
the permissible limits of strontium-82 and -85. The
second level of interest is when that activity reaches
a high enough point that a medical event needs to be
reported. And the medical event reporting requirements
are in Subpart M, 35.3045, report and notification of
a medical event. And in that regulation, a licensee is
to report any event except an event that results from
patient intervention which we don't have here, in
which the administration of Dbyproduct material,
radiation from byproduct results in a dose that
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differs from the prescribed dose. In this case, if you
were to get a normal rubidium procedure and you get
two injections, one for resting and one for stress,
and the maximum activity that the manufacturer
recommends is 60 millicuries, and in our patients that
have had whole body scanning, it's been more like a
total 75 millicuries, then the maximum activity that
you would expect would be .48 rem. So the dose, if it
differs from the prescribed dose, it would have
resulted from prescribed dosage by more than 5 rem.
And we're getting close to that with one of the index
patients. They're at 4.9 rem for the calculation.
There's not precision in that calculation, but it is a
good marker of the effective dose equivalent.

And then the other criteria, which is
separate, would be 50 rem to an organ or tissue, or a
shallow dose equivalent to the skin. And the total
dose delivered differs from the prescribed dose by 20
percent or more. So right now, we're looking at
differing from the prescribed dose by more than 20
percent. And then as soon as we hit the threshold of
5 rem effective dose equivalent or 50 rem to an organ
or tissue, then we'll have a reportable medical event.
At this point, we don't have a reportable medical
event, but we could in the future.
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And then if vyou do trigger a medical
event, then the licensee has to notify the NRC no
later than the next calendar day. What makes it
interesting in this case is the licensees really don't
have the ability to tell whether they will have a
medical event or not until patients have been scanned.
So they will probably be notified by the folks that
are doing the scanning that there's an excess of 5 rem
or 50 rem. And then the facility will have to make a
medical event report.

And NRC has been actively involved in
coordinating between FDA and the Agreement States.
We've used our Memorandum of Understanding to be
involved and follow what's happening. We have sent out
an all-Agreement State letter after FDA did its drug
safety notification, so that all the Agreement States
were aware of what FDA's action was in the Bracco
voluntary recall. And so we're actively monitoring and
seeing at what point we need to get involved.

At this point, we don't have any
identified patients at NRC 1licensees' facilities.
That doesn't mean they're not there. They just haven't
been identified.

CHAIR MALMUD : Thank you. So the
investigation is on-going?
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DR. HOWE: Yes, it is.

CHAIR MALMUD: And the purpose of
presenting it to the ACMUI today is?

DR. HOWE: To make you aware of the public
information that we can share with you and to let you
know a feeling of the scope of what we know right now.

CHAIR MALMUD: Thank you. Are there any
questions from members of the Committee?

Yes, Dr. Zanzonico.

MEMBER ZANZONICO: I have several
questions. One 1is what's the -- you say the
investigation is on-going. What are the components of
the investigation? In other words, what information
are you trying to solicit and where does that stand at
the moment in terms of anticipating when and what if
the product will again be available for clinical use?

MEMBER SULEIMAN: Let me answer it briefly,
and then I'll defer it to the other people here.
There's clearly the FDA medical product which is a
generator. One very obvious question why did it fail
in the first place? Without failure, the wusers
wouldn't even need to do breakthrough testing. The
second aspect is why was the breakthrough testing not
done properly? That addresses, that's a user issue, a
licensee issue.
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You've got supposedly qualified personnel
conducting this test. Are there deficiencies in how
the test is done? So this is an area that's very, very
nebulous, but it comes under very different regulatory
authority. It doesn't -- FDA 1is really focused on
product.

I think there's a bigger, broader public
health issue. You've got patients out there that have
used this medical drug and they may be contaminated.
And vyou can argue whether the contamination is
hazardous or not, but without knowing, how can you
come to that conclusion? So I think there's that
broader issue that's at play.

As I have introduced earlier, this is Dr.
Ira Krefting. He's the Deputy Director for Safety. I
introduced both of you in absentia.

DR. KREFTING: I was impressed with your
Customs and Border Patrol. Yes, I'm Ira Krefting as
Leon mentioned. And let me address that issue 1in
further detail and add some granularity to the outline
given by Orhan.

The investigation is multi-prong, multi-
factorial in that obviously and most importantly the
public health issue, identification of contaminated
patients and quantification, as necessary, of the
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underlying radiation that they received. So that is
being carried on, as you heard, by some of the state
agencies in concert with CDC and the NRC. Nevada has
moved ahead very expeditiously screening or surveying
a great number of patients. Florida is doing the same.
CDC, in concert with -- there are plans for further
screening.

The other aspect of that 1s we are
concentrated on the product. We have what 1is called
post-marketing requirements. This 1is part of our
legislative mandate that was made in about 2007. The
FDAAA Act, FDA Amendments Act, which requires us or
allows us, if you wish, if we identify a new safety
issue, to mandate that the sponsor do certain studies
to help define and help us solve that particular
safety issue to help -- so the sponsor is obligated to
look into a safety problem. This constitutes a federal
contract in that the sponsor is required to a study,
present us with a protocol. There are milestone dates
that the study gets done and then there's a final
report, usually leading to some action on either the
sponsor's part or our part, revision of a product, new
labeling, etcetera.

In that regard, there are two post-
marketing requirements which we initiated over the
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summer. These are listed on clinicaltrials.gov. So the
protocol, etcetera, 1is very public. One is to study
patients in the two sites, two index sites that were
mentioned in Orhan's presentation, Nevada and
Sarasota, where patients who had received rubidium,

undergoing clinical scans, at about the time as the

index patients, the two identified patients had
received theirs. So that's one post-marketing
requirement.

Again, keeping with the theme, the concept
that FDA primarily 1looks at the product, FDA has
purview over Bracco, the manufacturer. The other PMR
looks more broadly at the use of the product. The
initial thoughts was that there may be breakthrough
towards the end of expiry of the CardioGen generator.
Basic chemistry sort of makes sense in that regard.
The more elution that is put through the generator,
the more saline to wash out the rubidium. There might
be breakthrough towards the end of the 1life of that
generator or when breakthrough was actually reported.
So what's termed Study 105 is to look at patients who
were receiving their rubidium scan, their rubidium
CardioGen scan at the 1last date of wuse of the
generator before it was sent back, before it reached
expiry. So the hope there is that sites around the
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country will participate in that study, will be able
to survey patients looking back at the records that
received rubidium on the date I just mentioned, the
date of expiry.

I must emphasize to everybody that post-
marketing requirement studies are voluntary studies.
They constitute clinical trials. Patients come under
all of the clinical trial protections that we're all
so familiar with in the c¢linical environment. So
everything I just mentioned is of a voluntary nature
and the way the 1legislation and the regulations are
set up, it i1s Bracco's responsibility to expeditiously
execute these studies, move forward with them, help
the sites 1in recruiting patients. And the first
indications we have are that things are moving along
in the regards that I just mentioned.

DR. YANG: To summarize what Dr. Suleiman
and Dr. Krefting had said and to also directly answer
your question, we're actually interested in what is a
root cause; meaning is it a product failure or is it
end user misuse or failure? That's one aspect of it.
And the other aspect of it is what is the magnitude
and extent of this increased radiation exposure,
meaning how many patients out there in the United
States have had increased radiation exposure as a
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result of Cardio-Gen scans. And what is the highest
radiation that any one of these patients may have
resulted.

MEMBER ZANZONICO: This 1is Pat Zanzonico
again. I guess my question is these patients were
discovered fortuitously, at the borders. So can you
summarize what data are available that are the basis
for the regulatory 1limits? I guess my dquestion 1is
perhaps this isn't an abnormal occurrence. It's just
something that was not detected previously because of
less wvigilance, Jjust 1luck. And is it a possibility
that this 1is the norm in terms of strontium
breakthrough on this generator and that the regulatory
limits may need to be adjusted to accommodate what now
may be the actual behavior of this?

And I guess an ancillary question is has
Bracco reported any change in manufacturing from its
original formulation of the product to now that could
be identified as a possible cause of increased

breakthrough? Those are two separate, but related

questions.

MEMBER SULEIMAN: I'll answer the first
one. Let me tell you there's a lot of patients that
are being -- that are scanned who don't have any

breakthrough. A 1lot of the generators have been
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tested. There are lots of examples of good practice.
So this is not the norm.

A subpart of that though is we don't know
if this has been going on longer. And again, when I
say the problem, I'm talking about have people been
using the product inappropriately? Have they not been
performing the breakthrough testing properly? Or has
there been an inherent problem, major, minor, with the
column itself?

DR. YANG: I think that was a very good
answer, number one. I'm not sure we can actually talk
about number two. I think we will defer to our
Division Director.

DR. RIEVES: My name is Dwaine Rieves, I'm
Director of the Division. This product has been on the
market for about 20 years. During that time, it's
typical to have some changes in the product just
because vendors go out of business, they get a new
supplier, that sort of thing.

And so those iterations have occurred over
the vyears. But in terms of the root cause
investigation of the company, that is still ongoing.
So far, the company has not identified a root cause in
terms of the actual construct of the product itself.

There have, obviously, been iterative
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changes over the years, necessary changes. But so far,
I wish we had an answer, but it's going to be a few
more weeks. The company is actively stressing these
generators. These stress studies are ongoing. So
hopefully within another six weeks or so, we'll have
an answer.

MEMBER ZANZONICO: Can I ask a question?

CHAIR MALMUD: Dr. Zanzonico.

MEMBER ZANZONICO: Presumably, if the
breakthrough were done at the point of service in the
clinic where it was being used, these would have been
identified. So your investigation now has disclosed
that it's not being done or perhaps it was done, but
not done properly? Or what's the status? That seems
like a really key --

DR. KREFTING: All those points are very
important. Those are all possibilities and those are
all under active investigation.

MEMBER ZANZONICO: Okay, and one final
point and I'll shut up. You know, some manufacturers
certify users. Is that done in this case in terms of
the QC? I mean it's not an overly onerous procedure,
but it's not trivial either. Is that part of the
marketing, so to speak, of the generator, kind of user
certification by the manufacturers that they can, in
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fact, use the QC properly?

DR. YANG: There 1is no «certification
process.

MEMBER SULEIMAN: By us.

DR. YANG: By us or by Bracco, the sponsor.
But they do train the users when they actually first
become customers.

MEMBER ZANZONICO: But there's no document
provided that says User X has been trained and has
demonstrated that he or she can perform --

MEMBER SULEIMAN: I'm not aware. We have
representatives from Bracco here. If you want to
comment on that, it would be nice. If you don't know
any more than I do, then pass, you know. I mean for
some products there is. I'm not familiar that this is
actually required.

DR. NUNN: This is Adrian Nunn from Bracco.
I'm not sure that we have complete records of who
exactly has been trained and names, but we do train
them and we know which sites have been trained. And
we don't let them use the generator without that
training first time around.

MEMBER ZANZONICO: Right, but does the
company know of formal documentation?

DR. NUNN: Probably not of the sort that
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you are looking for.

CHAIR MALMUD: Malmud. One of the items
that vyou alluded to was that the problem may be
attributable to the age of the generator and the
amount of saline washed through in terms of the eluant
so that toward the 1latter end of the wuse of a
generator, there may be this problem which does not
exist earlier in the use of the generator. Therefore,
a question I have 1is was that tested for when the
product was initially placed on the market?

MEMBER SULEIMAN: We've raised that
guestion ourselves. The product was approved 22 years
ago. I think Bracco didn't -- Bracco bought it from a
previous company as well. We don't really know the
answer.

CHAIR MALMUD: So we don't know the answer
to that gquestion.

MEMBER SULEIMAN: That testing actually is
-- Bracco is repeating a lot of that as we speak.

CHAIR MALMUD: So that testing is ongoing
currently.

MEMBER SULEIMAN: So we'll get some answers
for that.

CHAIR MALMUD: Thank you.

MEMBER LANGHORST: I had a question, but if
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you're not done --

CHAIR MALMUD: Dr. Langhorst, absolutely.

MEMBER LANGHORST: Thank you. Dr. Howe, in
regard to our Agreement States that these two patients
were treated, are there reports vyet on their
inspection with regard to 35.204 and 35.2204 as far as
the site users performing the test and documenting the
test?

DR. HOWE: Nevada has done an inspection of
the facility with the patient that came across the
border and tested positive. But that report has not
been finalized yet.

MEMBER LANGHORST: Okay.

DR. HOWE: And the State of Florida has
done an inspection of the site in Florida and has
inspected a few other sites as well. And the results
of that inspection are not available vyet.

MEMBER LANGHORST: Okay, okay, thank you.

DR. HOWE: And I think it might Dbe
important to note the scope of the rubidium use when
the generators were still in the market. And places
seem to average somewhere between 4 to 20 patients a
day. And they were running five to seven days a week,
so there are a lot of patients that were out there,
nowhere near the number you have for molybdenum, but a

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

32

really large number of patients.

CHAIR MALMUD: Thank you. Other gquestions?
Yes. Laura, I think you were next, Laura.

MEMBER WEIL: This is Laura Weil. What kind
of notification has gone out to patients who were
imaged in these generators, wusing these generators,
other than the clinical trial that's listed publicly
which is recruiting?

DR. KREFTING: We, as was mentioned
previously, don't have direct control over those type
of communications and that type of communication is in
the hands of the sites of the end users that actually
do the studies. We understand around the country that
some sites have notified patients about the situation.
And we also understand that some sites have not.

DR. YANG: Adding on to what Dr. Krefting
is saying, the sponsor's website, CardioGen, actually
has like a link for patients and so --

MEMBER SULEIMAN: Also, our July 15th
public communication pretty much was announcing it to
the public, but it needed a little bit of stimulus.

CHAIR MALMUD: Excuse me, ladies and
gentlemen, may I remind vyou that this 1is Dbeing
recorded. And therefore would you please reintroduce
yourselves each time vyou speak so that the court
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reporter can record it accurately. Please go on.

DR. KREFTING: So in summary, it is the
responsibility of the 1local sites to notify their
patients if they felt so inclined. If they were to
participate in the PMR studies I mentioned to vyou,
that would be the responsibility of the local sites to
invite patients to participate and during the state
investigations, we understand that the sites
themselves were notifying the patients and inviting
them to come in for these state screenings.

The other two mechanisms were just as
mentioned, there 1s the CardioGen website that has
some patient general information on it, as well as our
drug safety communication. Unfortunately, I can't
give you a more detailed answer than that.

MEMBER WEIL: Thank you.

DR. KREFTING: I did want to speak to your
question that you addressed to Orhan a few moments
ago. Again, this is Ira Krefting. You asked about
the elution information and how there was testing of
the generators, perhaps at their time of approval back
about 1989-ish. As Orhan told you, we don't have
immediate information for you, the extent of testing
at that time. But the more tantalizing information is
that when vyou 1look at the use of the CardioGen
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generator over the last few years, there has been an
astronomical increase in the number of patients who
are receiving the study.

It's perhaps appropriate because in the
practice community, molybdenum is less of a radiation
dose, as you heard. Some people feel the images are a
little easier to interpret and a 1little Dbetter
defined. So there's been this wvast increase in the
number of patients, probably well beyond the thoughts
back in 1989 to the extent it was going to be used
when it was first introduced in the market.

The other important point that was brought
out by Dr. Howe and Orhan mentioned to you there is a
vast difference in the number of patients who around
the country at sites getting this. Some sites will do
a couple patients a day. Other sites, like the most
active ones can do 18, 20 patients a day and run the
generator 7, almost 7 days a week. So obviously, the
elution volume over that wvast spectrum of patient
input is going to vary tremendously.

CHAIR MALMUD: Thank you. Do we know the
volume of patients handled in the two institutions
sited in Florida and in Nevada?

DR. KREFTING: Yes, sir.

CHAIR MALMUD: Is it at the higher end?
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DR. KREFTING: Yes. Nevada is probably
the highest site in the country and the Sarasota site
is in the top tier, probably top ten. I think it's
probably top five-ish.

CHAIR MALMUD: Thank you. If T may, Dr.
Howe, vyou mentioned that from the data thus far
collected it did not appear that the limits set by the
NRC have been exceeded in these patients. What is the
target organ of the two elements involved, the
strontium and the rubidium and how close to the limit

have we gone from the data thus far collected?

DR. HOWE: The strontium is the bone
surface. So you have the bone surface and the red
marrow.

MEMBER SULEIMAN: One of the patients had
doses -- what's the limit, 507

DR. HOWE: Fifty.

MEMBER SULEIMAN: It's getting close to
that, but didn't. And so none of the NRC's radiation
dose medical event criteria have been exceeded.

CHAIR MALMUD: The purpose of my asking
that question was that someone else asked if the
patients had been notified and in fact, the limits
have not been exceeded. 1Is that correct?

DR. HOWE: The limits haven't been
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exceeded, but the patients that are being tested for
radiation have been notified that there were issues
with the generator and asked if they could come in and
voluntarily participate and have a radiation
measurement made. And so those patients are aware
that there are issues with the generator and have
voluntarily come in to have radiation measurements
made.

We have not had the activation of the
medical event reporting requirements yet.

CHAIR MALMUD: Again, the reason that I
asked the question was that we've always walked a very
narrow line Dbetween alerting patients to possible
risks and panicking patients for risks that actually
did not occur. So at the moment, recognizing the data
is still being collected, we have not exceeded the
limits that have been established by the NRC. Is that
a fair statement?

MEMBER SULEIMAN: Officially, no. They
haven't been exceeded. However, based on some of the
preliminary data that we've seen, there may very well
be some.

CHAIR MALMUD: At that point, we would
expect that the patients would be notified of that
area of concern rather than the current notification

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

37

of patients which is that we need to retest you with
regard to a concern. A concern is not the same as an
actual hazard. And I think that's what Laura Weil was
addressing in her role of concern for the patient. So
I wanted to make sure that we all understood that we
were still in a gray area where we recognize that
there is a problem. But it has not reached the level
at which the patient should be notified that he or she
may be at any kind of risk for having received
radiation exposure 1in excess of that which is
tolerable by NRC requirements.

DR. HOWE: And Dr. Malmud, vyou hit an
important part. We have -- there are on-going
radiation measurements made of specific patients in
Nevada and in Florida because we have high reason to
believe that there are excessive contamination in
those patient populations based on the Homeland
Security triggering.

CHAIR MAIMUD: And also verified at Oak
Ridge. Those measurements, there has been significant
product breakthrough and these patients are
contaminated without little doubt about that.

DR. HOWE: Yes. But what I'm saying is that
we have not gone out to all the other facilities
because you don't want to call patients back in and
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unduly make them worry if, in fact, there weren't
issues at that particular site. And we have seen, as
Orhan has indicated, the data indicates that there are
people that had procedures with no contamination. But
there are others that have had contamination. So
that's the issue we're balancing right now is when do
you go to a site that hasn't been identified with a
Homeland Security patient and start to call people in.
And that's what FDA is talking about with the Bracco
study and other studies.

CHAIR MALMUD: Another question if I may,
and that 1is, currently are these generators being
produced by any manufacturer, and (b) currently used
in the United States for the record?

DR. HOWE: ©No, they are in voluntary
recall.

CHATIR MALMUD: Total recall?

DR. HOWE: Yes.

CHAIR MALMUD: Thank you. The other issue
is, of course, that --

DR. HOWE: And I believe they've also been
recalled internationally.

CHAIR MALMUD: Thank you. I just want that
in the record. Other questions? Oh, excuse me.

MEMBER GUIBERTEAU: Mickey Guiberteau.
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Also for the record, since 1989 1is this the first
incident that has Dbeen discovered of nearly or
significant breakthrough in terms of these strontium
and rubidium columns?

DR. HOWE: NRC can't answer because we did
not regulate them until the NARM rule came into effect
which would be 2005-2007 time frame.

MEMBER GUIBERTEAU: But it is since that
time, is that correct?

DR. HOWE: Yes, that NRC is aware of.

DR. KREFTING: Ira Krefting here. To
further answer your qguestion, breakthrough has

occurred in the past. And that has, for example,

looking Dback at the record, there has been a
breakthrough in previous -- I believe it was 2010-ish
or so, but those were reported to Bracco and

appropriate actions were taken such as recall of that
specific generator.

MEMBER GUIBERTEAU: And what did they find
at that time?

DR. KREFTING: I don't know about the
investigation at that time. I can't tell you.

MEMBER GUIBERTEAU: Could Bracco tell us, a
representative?

DR. NUNN: Adrian Nunn. I'm not aware of
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the details, but that concern was investigated and I
think it has been concluded.

MEMBER GUIBERTEAU: And what was the
outcome?

DR. NUNN: I don't know.

MEMBER GUIBERTEAU: Thank you.

CHAIR MALMUD: There was another question.

MEMBER PALESTRO: Chris Palestro. Many
years ago, many, many years ago, strontium-85 was used
for studying the skeletal system. I don't think it was
imaging, it was scanning or counting of one sort of
another.

So my question is do you have a sense of
comparison between the doses that the index patients
or however many patients you have a chance to evaluate
who have been exposed to strontium-85, the doses that
they've received in comparison to the doses of
strontium-85 that were administered for diagnostic
purposes many years ago-?

MEMBER SULEIMAN: I am not aware.

CHAIR MALMUD: If I may, the studies that
were done with strontium-85 were approximately 1965.
The authors were Sklaroff, Charkes, and Young, a
nuclear physician, a radiation oncologist, and a
pathologist. The dosimetry was calculated. It's in
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the 1literature. The articles, the seminal articles

were published in the Journal of the American Medical

Association which made the technique c¢linically

available.

Initially, their work was done on a Picker
scanner with paper, rather than film. They converted
to film so there were images. The patient population
at that time was composed solely of women who had
metastatic breast cancer, proven by x-ray and
therefore had a limited life expectancy by definition
of the disease and the extent of metastases.

Therefore, the radiation burden was
accepted in 1965 considering the limitations of the
population.

When the technique became attractive, as a
means of identifying bone metastases 1in excess of
those that could be identified by whole body x-ray
studies, the next substitution for -85 was strontium-
87m which was a generator. The strontium-87m was a
methodology used and there's dosimetry for it as well.
It's documented in the literature. I'm not certain
that I can give you the reference, but it was one of
the IAEA or NRC publications.

Subsequently, because of the radiation
burden of strontium-85 which was excessive by current
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standards and then as well, and the impracticality of
the -87m, a substitute was sought and that substitute
evolved into a phosphate compound, an analog of
calcium, but a phosphate compound, initially marketed
as polyphosphate by a number of radiopharmaceutical
companies. And that product evolved to the current
products which are also phosphates, 1labeled with
technetium-99m and therefore those technetium-99m
products have Dbeen the products and remain the
products which are wused broadly for not only the
detection of metastatic disease, but for inflammatory
disease of the bone, trauma, shin splints, many things
that are not well defined by radiography.

And that's how we got to where we are now.
So the radiation burdens today are trivial compared to
those of -85. And the data is in IAEA and in NRC
publications from many years ago, as well as medical
literature dating back to the middle 1960s.

DR. HOWE: Thank you, Dr. Malmud.

MEMBER SULEIMAN: Thank you, yes. And from
'63 to '72, if my memory is right, the Atomic Energy
Commission regulated the radio-labeled drugs. It
wasn't until '72 that that authority was given back to
FDA.

CHAIR MALMUD: That may be, but it was the
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AEC at that time, not the NRC. You're correct.

MEMBER SULETMAN : But it was also
regulated. FDA did not, I think at that time the AEC
regulated all radioactive products including drugs.

DR. HOWE: And I believe at that time the
major group that was looking at the drugs for approval
was the ACMUI. And it's Subcommittee on Human Use.

CHAIR MALMUD: Thank you. A little bit of
history.

Dr. Zanzonico?

MEMBER ZANZONICO: Can I just make a
comment, not a question? When my clinical colleagues
learned that I was attending an NRC meeting where this
would be on the agenda, I got some -- let me put it
strident feedback to the effect that this is -- and
this is not my opinion, this 1s what my clinical
colleagues have told me, that this is a regulatory
overreaction, that the negative impact on patients for
the 1lack of availability of the generator does not
justify the total recall.

And so at the wvery least, I would ask on
their behalf that whatever regulatory and corrective
action is required, that really be expedited because
it's felt that it's gone on much, much too long to the
-- in terms of negative impact, clinical impact on
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patients. So that's just a little bit of
editorializing that I promised I would bring before
the meeting.

DR. KREFTING: Ira Krefting here. I
appreciate that statement. I think it's important that
that be answered and discussed here, if nothing else,
for the public record and in understanding of the
function of the FDA and to further review and
reiterate the statements that have been made by my
colleagues over the last few moments.

I also do some clinical practice on the
side, so to speak, and you hear similar comments
around, but I think it's important that we emphasize a
couple of points. One is as we all alluded to a little
bit earlier, rubidium, if the tests really work as
stated and the radiation dose would be 1less to
patients and that might be a good reason for
consideration of this as an alternative of cardiac
scanning procedure, but if it's not working as it
should, if there's contamination of patients, without
going into details, the dosing that these individuals
are receiving is tantamount to approximately what
they'd be getting with some of the more well known or
tests that were available previously. But the more
important point, as brought out by our drug safety
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communications, is that we are concerned that even if
the drug is used as directed, even 1f you follow all
of the labeled recommendations, the handbook from
Bracco, everything else, if you follow all that, there
still may be the potential for breakthrough. And
that's how we stated it in our drug safety
communication, particularly the one, the latter one in
July.

So I've been approached around the country
by wvery good, well meaning physicians saying I do
everything right, what's the problem? Well, the
problem may be beyond you. It may be in that either as
we're learning now as brought out by the other
questions that maybe the labeling instructions are not
adequate, even though they appeared adequate back in
the '80s and '90s. Or maybe as you heard from my
director, there may be some subtle changes in the
manufacturing.

There may be something that when these
devices are used with the high-patient throughput that
was never anticipated back in that generation, with
the high-patient input, maybe they are breaking down.
Maybe there are structural defects that we need to
elucidate because so many patients are receiving it.
So I think it was important to respond to your
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statement, sir.

CHAIR MALMUD: Thank you. Dr. Zanzonico's
concern is a concern that the entire Committee has,
namely, again we walk a narrow line between protecting
the public, the patient from excessive radiation and
denying the opportunity to a procedure that actually
for a large number of people reduced the radiation.
However, we are obligated wunder regulations to go
through the process that we are and we hope that it
will be as expeditious as possible which is what I
think Dr. Zanzonico 1is request of us on behalf of
those who spoke to him and those who speak to me about
the same kind of issue.

MR. LUEHMAN: Dr. Malmud?

CHAIR MALMUD: Yes, Mr. Luehman?

MR. LUEHMAN: Yes, I guess one comment T
would make in response to those people who have
provided input to Dr. Zanzonico which is that if
contacted by -- I think to bring -- to help bring this
investigation to closure, then if in the studies that
are going to be ongoing for patients who are vyet
unaffected or identified clinics, for those
practitioners to encourage their patients to
participate so that the FDA can get the broadest and
clearest picture of the extent of this problem.
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Because obviously, the more data we have, and if it
all shows to be that the patients are receiving less
than the  amounts that you would expect with
breakthrough, that's going to lead us to one direction
and obviously focus in more on local practices at
those institutions, or as was stated earlier, the idea
that maybe the problem lies in the throughput.

So I guess I would go back to your
colleagues and say well, if contacted by the FDA for a
Bracco study that one of the best ways to get this
behind us so to speak is to encourage participation on
the part of patients, because I think that that's
going to give us, give the FDA and the NRC the most
data and allow us to draw the best conclusions in the
quickest amount of time.

CHAIR MALMUD: Thank vyou. Other items?
Yes, Steve Mattmuller?

MEMBER MATTMULLER: Hi, Steve Mattmuller.
A couple of comments and a question. One in regards to
the training by Bracco and maybe I need to disclose
that we are a clinical site that has used the rubidium
generator. And we're missing ours now and do miss it.

But the training by Bracco from my
perspective, and I wasn't heavily involved in it, but
was very extensive and the technical service people at

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

48

Bracco were well trained and very helpful. And it just
wasn't they were in and they were out. It's been
ongoing. In fact, not necessarily on generator issues,
but they were also very helpful on scanning issues
which we've been participating in some other issues or
scanning protocols with them.

So I know we've had constant contact with
the technical service people of Bracco on a number of
issues, not directly related to problems, but our
interactions have already been very positive and very
good. But also to answer that question, do we have a
piece of paper signed and documented? I doubt it. But
I do know the training did take place and was very
thorough.

The other statement and I'm sorry