                                                                 1

                  FOOD ADVISORY COMMITTEE AND DIETARY

                        SUPPLEMENTS SUBCOMMITTEE

               THE ROLE OF GLUCOSOSAMINE AND CHONDROITIN

                       SULFATE IN OSTEOARTHRITIS

                          Monday, June 7, 2004

                               8:03 a.m.

                           Bethesda Marriott

                          5151 Pooks Hill Road

                           Bethesda, Maryland 

                                                                 2

                        P A R T I C I P A N T S

      Sanford A. Miller, Ph.D., Chair

      Linda Reed, Acting Executive Secretary

      Douglas L. Archer, Ph.D.

      Patrick S. Callery, Ph.D.

      Annette Dickinson, Ph.D.

      Goulda A. Downer, Ph.D.

      Johanna Dwyer, D.Sc., R.D.

      Jean M. Halloran

      Norman I. Krinsky, Ph.D.

      Daryl B. Lund, Ph.D.

      Margaret C. McBride, M.D.

      Mark F. Nelson, Ph.D.

      Robert M. Russell, M.D.

      Carolyn I. Waslien, Ph.D., R.D.

      Edward Blonz, Ph.D.

      Edward D. Harris, Ph.D.

      Harihara M. Mehendale, Ph.D.

      Steven Zeisel, M.D., Ph.D.

      Temporary Voting Members

      Steven Abramson, M.D.

      John J. Cush, M.D.

      Luis Espinoza, M.D.

      David Felson, M.D., M.P.H.

      Scott A. Kale, M.D., J.D., M.S.

      Nancy E. Lane, M.D.

      Also Present:

      Jeanne Latham, Executive Secretary, Dietary

      Supplements Subcommittee 

                                                                 3

                            C O N T E N T S

      AGENDA ITEM                                             PAGE

      Call to Order, Introductions - Dr. Miller                  4

      Administrative Matters and Conflict of Interest

      Statement - Ms. Reed                                       9

      Opening Remarks, Robert E. Brackett, Ph.D.,

      Director, Center for Food Safety and Applied

      Nutrition (CFSAN)                                         20

      Background and Questions to Committee - Laura M.

      Tarantino, Ph.D.                                          22

      Questions and Clarifications                              30

      Overview of Legal Framework, Louisa Nickerson,

      Office of General Counsel, FDA                            33

      Questions and Clarifications                              38

      Overview of petitions:  FDA's Review Process and

      Issues - Dr. Craig Rowlands, Biologist,

      FDA/ONPLDS/CFSAN                                          42

      Questions and Clarifications                              57

      Petitioner:  Weider Nutrition International, Inc.,

      Luke R. Bucci, Ph.D., Vice President of Research,

      Weider Nutrition Group                                    69

      Questions and Clarifications                             105

      Petitioner:  Rotta Pharmaceutical, Inc.

      - Dr. Lucio C. Rovati, Executive Medical Director,

      Rotta Research Laboratory                                136

      - Dr. Roy D. Altman, Professor of Medicine and

      Rheumatology, University of Miami and University of

      California-Los Angeles                                   156

      Questions and Clarifications                             174

      Lunch                                                    207

      Questions and Comments                                   250 

                                                                 4

                      C O N T E N T S (Continued)

      AGENDA ITEM                                             PAGE

      Current State of the Science on Etiology of OA and

      Modifiable Risk Factors for OA - Dr. Lee Simon,

      Harvard University                                       209

      Questions and Clarifications                             250

      The Role of Animal and in vitro Models in OA Risk

      Reduction - Dr. James Witter, Center for Drug

      Evaluation and Research, FDA                             256

      Questions and Clarifications                             287

      Public Comment                                           291

      - Jason Theodasakis, M.D.                                291

      - Gayle E. Lester, Ph.D.                                 299

      - Robert Arnot, M.D.                                     304

      - Jose Verges, M.D.                                      317

      - Todd Henderson, D.V.M.                                 332

      - Chuck Filburn, Ph.D.                                   334

      Questions and Clarifications                             341

      Adjournment                                              352 

                                                                 5

  1                      P R O C E E D I N G S

  2             DR. MILLER:  Good morning.  I want to take

  3   this opportunity of welcoming you to this meeting

  4   of the Food Advisory Committee.  Today and tomorrow

  5   the committee is going to deal with two topics, one

  6   dealing with the role of glucosamine and

  7   chondroitin sulfate in osteoarthritis, and the

  8   other having to do with furan contaminants in

  9   foods.

 10             For that reason, in order to expand the

 11   expertise of the committee, we've invited some

 12   temporary members to join the committee, several

 13   dealing with the glucosamine and chondroitin

 14   sulfate issue and several having to do with the

 15   issues concerned with furans.

 16             As always, we have much too full a

 17   schedule, and as always, I'm going to insist that

 18   we stick to our time.  We have to give everybody an

 19   opportunity to speak and speak for the time limits

 20   that they've been assigned, and we also have to

 21   provide enough time for us to discuss the issues to

 22   the extent that the committee needs and feels that 

                                                                 6

  1   discussion is needed.  Towards that end, as you

  2   make your presentations and you have exceeded your

  3   time, I'll let you know.  And I'm not sure exactly

  4   what I'll do if you continue to talk, but--

  5             [Laughter.]

  6             DR. MILLER:  The very least would be to

  7   turn off your microphone and ask questions

  8   concerning the meaning of your data.

  9             To begin the meeting, I'd like to

 10   introduce--or have them introduce themselves, the

 11   members of the committee.  This morning we will

 12   deal with the glucosamine and chondroitin sulfate

 13   issues, and tomorrow we'll deal with furans.

 14             I'll begin by introducing myself.  My name

 15   is Sandy Miller.  I'm a senior research associate

 16   at the Center for Food Nutrition Policy at Virginia

 17   Tech University.

 18             DR. RUSSELL:  I'm Robert Russell.  I'm

 19   director of the USDA Human Nutrition Research

 20   Center on Aging at Tufts.

 21             DR. DICKINSON:  Annette Dickinson,

 22   president of the Council for Responsible Nutrition. 
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  1             DR. ARCHER:  I'm Doug Archer, professor,

  2   Food Science and Human Nutrition at the University

  3   of Florida.

  4             DR. CALLERY:  Patrick Callery,

  5   pharmaceutical chemist, from West Virginia

  6   University.

  7             DR. DOWNER:  Goulda Downer, president and

  8   CEO, Metroplex Health and Nutrition Services,

  9   Washington, D.C.

 10             DR. McBRIDE:  Margaret McBride, child

 11   neurologist at Akron Children's Hospital.

 12             DR. BLONZ:  Edward Blonz, nutritional

 13   biochemist, from Kensington, California.

 14             DR. ABRAMSON:  Steve Abramson, Director of

 15   Rheumatology at NYU and the Hospital for Joint

 16   Diseases and Dean for Clinical Research at NYU.

 17             DR. FELSON:  David Felson, rheumatologist,

 18   from Boston University.

 19             DR. ESPINOZA:  Luis Espinoza, Chief of

 20   Rheumatology, LSU, New Orleans.

 21             DR. KALE:  Scott Kale.  I'm a

 22   rheumatologist at Rush Presbyterian and St. Luke's 
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  1   in Chicago.

  2             DR. LANE:  Nancy Lane, rheumatologist,

  3   University of California-San Francisco.

  4             DR. ZEISEL:  Steve Zeisel.  I'm professor

  5   and Chair of the Department of Nutrition at the

  6   University of North Carolina at Chapel Hill.

  7             DR. MEHENDALE:  Hari Mehendale, professor

  8   of toxicology at the University of Louisiana at

  9   Monroe.

 10             DR. HARRIS:  I'm Ed Harris, professor of

 11   biochemistry and nutrition, Texas A&M University.

 12             DR. NELSON:  Mark Nelson, Vice President

 13   for Scientific and Regulatory Policy, Grocery

 14   Manufacturers of America.

 15             DR. WASLIEN:  Carol Waslien, Chair and

 16   professor, Nutritional Epidemiology, University of

 17   Hawaii.

 18             DR. LUND:  Daryl Lund, University of

 19   Wisconsin-Madison, Food Science, and Executive

 20   Directors of the North Central Regional

 21   Association.

 22             DR. DWYER:  Johanna Dwyer, professor at 
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  1   Tufts University, and Director of the Frances Stern

  2   Nutrition Center and New England Medical Center,

  3   and I'm spending the year in Washington.

  4             DR. KRINSKY:  Norman Krinsky, emeritus

  5   professor of biochemistry, Tufts University School

  6   of Medicine.

  7             MS. LATHAM:  Jeanne Latham, Food and Drug

  8   Administration, Executive Secretary of the Dietary

  9   Supplements Subcommittee.

 10             MS. REED:  Linda Reed, Acting Executive

 11   Secretary of the Food Advisory Committee.

 12             DR. MILLER:  Next we have certain

 13   administrative things that we need to go through,

 14   and Linda Reed, who is the Acting Executive

 15   Secretary of the Food Advisory Committee, will

 16   present those rules of the road and issues

 17   concerning conflict of interest.

 18             MS. REED:  Good morning, everyone.  As

 19   you've heard, I'm Linda Reed, the Acting Executive

 20   Secretary of the Food Advisory Committee.  I was

 21   asked to take a few minutes to refresh everyone's

 22   memory about a few rules of the road, if you will, 
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  1   in terms of Advisory Committee operations.

  2             It is my understanding that all of the

  3   committee members have been provided a copy of a

  4   Committee Member Guide to FDA Advisory Committees.

  5   There is a copy of the Member Guide at the

  6   registration desk for anyone who may be interested

  7   in looking through it.  The Committee Member Guide

  8   is in need of updating, but, by and large, it does

  9   provide good operational review.

 10             FDA relies on Advisory Committees to

 11   provide the best possible scientific advice

 12   available to assist us in making complex decisions.

 13   Our goal is to do that in as open and transparent a

 14   manner as possible.  Part of that openness carries

 15   with it a request that the members try to avoid

 16   even the appearance that issues are being decided

 17   or conclusions are being reached outside of the

 18   meeting.

 19             We understand that issues raised during

 20   the meeting may well lead to conversation over

 21   breaks and during a meal.  In fact, we hope the

 22   discussions are thought-provoking. 
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  1             We have had instances where members have

  2   come back from a break and said, "You know, we were

  3   talking over the break, and we would like to

  4   request that the FDA provide us with some

  5   additional information so we can better understand

  6   thus and such."  That is perfectly acceptable.

  7             What we don't want is to have a situation

  8   where, after the break, the members come back and

  9   say, "We were talking over the break and decided

 10   that an answer to a question is..."  From our

 11   perspective, that would be particularly troublesome

 12   because neither the agency nor the public would

 13   have had the benefit of listening to the entire

 14   discussion, the question raised, and the responses.

 15             In fact, FDA has adopted a policy that

 16   only the matters can be reached by a show of hands,

 17   procedure matters, for example--I read all that

 18   wrong.  Excuse me.

 19             In fact, FDA has adopted a policy that the

 20   only matters that can be decided by a show of hands

 21   are procedure matters, for example, break times.

 22   All other votes and comments must be placed on the 
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  1   record, attributed to the member making that

  2   statement.  The policy goes even further.  If a

  3   member has to leave the meeting early, the member

  4   waives that right to vote.  You may wonder why the

  5   person may lose their right to vote, but the answer

  6   is fairly simple.  FDA believes that all parts of

  7   the meeting and discussions are important.

  8   Consequently, voting on issues without having the

  9   benefit of the discussion would be premature.

 10             The issue of openness is larger than what

 11   transpires during the course of the meeting.  I

 12   would like to call your attention to the section in

 13   the Member Guide titled "Member Interaction Before,

 14   During, and After a Meeting."  In essence, this

 15   section underscores the fact that all

 16   communications with the members should be routed

 17   through the committee's Executive Secretary.  That

 18   would be myself.  No one, not even FDA staff, with

 19   the exception of the Executive Secretary, should be

 20   contacting the members about upcoming meetings,

 21   topics, et cetera.  This same guidance applies to

 22   consultations between members prior to a meeting. 
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  1             If a member receives an inappropriate

  2   contact, the member should feel free to notify

  3   myself and/or refer the person making the contact

  4   to me.  Our goal in having all contacts routed

  5   there the Exec. Sec. is to minimize any situations

  6   that could be misinterpreted.

  7             Appearance issues are always difficult,

  8   because, as is true of many things, appearances can

  9   be deceiving.  We ask that our members, guest

 10   speakers, liaisons, and everyone attending the

 11   meeting be mindful of how an interaction between a

 12   member--and anyone, for that matter--might be

 13   perceived.

 14             Please let me be clear.  It is not my

 15   intention to question anyone's integrity or

 16   motives.  But I'm very sensitive to the issue

 17   because I have--and I imagine you all have, too--seen highly

 18   respected individuals become an object

 19   of negative attention based on a misperception.

 20   And I certainly wouldn't want anyone in this room

 21   to become such a target.

 22             I'm confident that everyone here today is 
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  1   sensitive to these issues and can appreciate that

  2   my comments are intended as a gentle reminder.

  3             Lastly, as you settle in, please take this

  4   opportunity to silent any cell phones or other

  5   devices that ring, beep, or play show tunes.  And I

  6   appreciate your attention for that statement.

  7             Now I'd like to read the conflict of

  8   interest statement into the record.

  9             DR. MILLER:  Just to be certain that there

 10   are no mistakes, does anybody need any

 11   clarification?

 12             [No response.]

 13             DR. MILLER:  If not, why don't we go on.

 14             MS. REED:  Okay.  As Dr. Miller mentioned,

 15   we have the pleasure of having two of our

 16   subcommittees and several members of our sister

 17   center Advisory Committee serving throughout the

 18   meeting, and we thank you for being here.

 19             And with that, I would like to read the

 20   conflict of interest statement into the meeting

 21   record.  And as with the rules of the road, this is

 22   a rather long one, so please bear with me. 
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  1             The authority to appoint temporary voting

  2   members to the Food Advisory Committee is granted

  3   to the Center Director.  Relying on that authority,

  4   Dr. Robert Brackett, Director, Center for Food

  5   Safety and Applied Nutrition, has signed letters

  6   appointing Dr. Luis Espinoza, Dr. Scott Kale, and

  7   Dr. Nancy Lane as temporary voting members of the

  8   Food Advisory Committee of the June 7-8, 2004,

  9   committee meeting.  These members will serve on the

 10   committee for the first portion of the meeting, the

 11   subject of which is osteoarthritis.

 12             The authority to grant permission to

 13   borrow special government employees currently

 14   serving on the Advisory Committee in a sister

 15   center, in this case the Center for Drug Evaluation

 16   and Research, is granted to the Associate

 17   Commissioner for External Relations, Mr. Peter

 18   Pitts.  Relying on that authority, Mr. Pitts has

 19   signed a memorandum granting permission to Dr.

 20   Steven Abramson, Dr. John Cush, and Dr. David

 21   Felson to serve as temporary voting members on June

 22   7-8, 2004, for the first portion of this meeting.  
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  1   They will represent the Arthritis Drugs Advisory

  2   Committee.

  3             Mr. Pitts in the same memorandum also

  4   granted permission for Dr. P. Joan Chesney to serve

  5   as a temporary voting member for the second portion

  6   of the meeting concerning furan on June 8, 2004.

  7   Dr. Chesney will represent the Pediatrics Advisory

  8   Subcommittee of the Anti-Infective Drug Advisory

  9   Committee.

 10             With that said, we have a total of seven

 11   temporary voting members who will participate in

 12   one of these two parts of this meeting.

 13             Because of the breadth of topics to be

 14   discussed at this meeting, all of the members and

 15   temporary voting members have been screened for any

 16   and all financial interests associated with the

 17   regulated industry.  Based on this review, FDA has

 18   determined, in accordance with 18 U.S.C., Section

 19   208(b)(3), to grant general matters waivers to Dr.

 20   Steven Abramson, Dr. Marian Allen, Dr. Douglas

 21   Archer, Dr. Edward Blonz, Dr. John Cush, Dr.

 22   Johanna Dwyer, Dr. Luis Espinoza, Dr. David Felson, 
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  1   Dr. George Gray, Dr. Edward Harris, Dr. Scott Kale,

  2   Dr. Norman Krinsky, Dr. Nancy Lane, Dr. Harihara

  3   Mehendale, Dr. Margaret McBride, Dr. Sanford

  4   Miller, Dr. Robert Russell, Dr. Carolyn Waslien,

  5   and Dr. Steven Zeisel.

  6             The granting of these waivers permits

  7   individuals to participate fully in the matters

  8   before this committee.  Copies of the waiver

  9   statements may be obtained by submitting a written

 10   request to the agency's Freedom of Information

 11   Office, Room 12A-30 of the Parklawn Building.

 12             In an effort to enhance consistency within

 13   the FDA, the agency has recently adopted a policy

 14   whereby all public commenters will be asked to

 15   report any personal financial interests that could

 16   be affected by the committee's deliberations.  A

 17   copy of the policy was provided to all individuals

 18   who registered to make comments at this meeting.

 19   Additional copies of the policy may be obtained

 20   from the registration desk.

 21             Similarly, we have asked our guest

 22   speakers to complete a financial interest and 
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  1   professional relationship certification for guests

  2   and guest speakers to identify any potential

  3   conflicts of interest.  Dr. Luke Bucci, Dr. Lucio

  4   Rovati, Dr. Roy Altman, and Dr. Lee Simon will

  5   speak at the first portion of the meeting.  Dr.

  6   Bucci has declared that he has a financial interest

  7   in the Weider Nutrition Group.  Dr. Lucio Rovati

  8   has declared he has a financial interest in the

  9   Rotta Research Laboratorium in Monza, Italy.  Dr.

 10   Roy Altman has declared he has a financial

 11   relationship with Rotta Pharm.  And Dr. Lee Simon

 12   has indicated that he has no financial

 13   relationships with dietary supplements or the

 14   pharmaceutical industries.

 15             Dr. Don Forsythe and Dr. Glenda Moser will

 16   be guest speakers at the second portion of the

 17   meeting.  Both have indicated they have no

 18   financial interests in the food industry.

 19             I have one final administrative announcement.  We

 20   have received two written submissions

 21   from Nutramax Laboratories, Incorporated.  The

 22   submissions have been provided to our members, and 
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  1   copies are available at the registration desk for

  2   those attending the meeting.

  3             Almost done.  Lunch will be provided today

  4   and tomorrow for our members and guest speakers.

  5   We hope this will avoid some of the time crunches

  6   we have experienced in the past and facilitate

  7   returning to the meeting in a timely fashion, as

  8   this meeting is a very full one.

  9             I want to thank you again for your

 10   attention as I read the statement and welcome all

 11   of you again.  Thank you very much for being here.

 12             DR. MILLER:  Thank you, Linda.

 13             As many of you know, there was a change in

 14   leadership at CFSAN since the beginning of the

 15   year.  Dr. Robert Brackett was named Director of

 16   the Center when Joe Levitt left.  At our last

 17   meeting, Dr. Brackett had an opportunity of being

 18   introduced to the FAC.  However, at that time he

 19   had not been--he had been named, but he hadn't

 20   assumed the position of Center Director.  He's with

 21   us today, and he's going to make some opening

 22   remarks. 

                                                                20

  1             Bob?

  2             DR. BRACKETT:  Well, thank you, Dr.

  3   Miller, and good morning to all of you.  It is a

  4   distinct pleasure for me to be able to provide some

  5   very brief opening remarks and to welcome you to

  6   this Food Advisory Committee.

  7             As was mentioned, you have a very, very

  8   full schedule, and so I am going to keep my

  9   comments brief.  But I did want to offer the fact

 10   that this is something that I support very highly,

 11   the Food Advisory Committee meeting.  I think that

 12   it enables FDA to enhance the expertise that we

 13   have available to us; it allows for a breadth of

 14   different views on some important scientific

 15   issues.  And the two that we've got today and

 16   tomorrow--that is, chondroitin sulfate and

 17   glucosamine and then, tomorrow, furan--are two that

 18   have been in front of us a lot in the last year.

 19   So, you know, I myself am going to find the results

 20   of the discussions quite interesting.

 21             I had originally intended to stay both

 22   days all day because I did want to hear some of the 
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  1   scientific discussions, but I have found out that

  2   my schedule has changed since I returned from

  3   Europe last week, and so I will only be able to

  4   stay a little bit today, and unless things change

  5   tomorrow, I will not be able to be here tomorrow.

  6   But I wish that I could.

  7             One of the things I do want to say is in

  8   supporting the Food Advisory Committee, the fact

  9   that you have scientific discussion in an open,

 10   transparent manner, I find that it's enhancing to

 11   our experts to be able to hear what outside

 12   scientists say.  But as a former member of this

 13   committee before I came to FDA, I also found that

 14   participating from the outside in this also helped

 15   sort of give a little more depth and breadth to the

 16   scientific expertise for those that come here.

 17             As mentioned, we're having some extra

 18   experts coming from our Center for Drugs as special

 19   government employees, and that is always enriching

 20   to the discussion as well.

 21             I hope that things can move along on time

 22   and that you will have the opportunity to give all 
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  1   of the opinions that you have and all the

  2   discussion that is required from this meeting.

  3   It's something that, again, as I say, I am looking

  4   forward to very much, and I really do want to again

  5   wish you here--but I don't want to belabor the

  6   point because I do know that you have a lot going.

  7   And, again, thank you for coming.  Thank you for

  8   participating.  I know this does take a lot of time

  9   out of your professional schedules as well.

 10             So good morning and welcome.

 11             DR. MILLER:  Thank you, Bob.

 12             Let us turn now to the basic issues of why

 13   we're here.  Our first speaker from the FDA will

 14   present the background and the questions the

 15   committee is being asked to consider.  I would like

 16   to emphasize how important it is that we listen to

 17   this very carefully because if we don't stick to

 18   the topics and we allow ourselves to drift and not

 19   focus on what we're here for, we're not going to be

 20   able to come to any conclusions by the time this

 21   meeting has been completed.  So please listen to

 22   this very carefully. 
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  1             Thank you.

  2             DR. TARANTINO:  In order to listen to it,

  3   I'll have to lower the microphone dramatically.

  4   But I have done so.

  5             Good morning, everybody, Dr. Miller and

  6   members of the committee.  I am Laura Tarantino.  I

  7   am not Barbara Schneeman.  Dr. Schneeman, many of

  8   you may know, is the newly appointed Director of

  9   the Office of Nutritional Products, Labeling, and

 10   Dietary Supplements.  Unfortunately, she couldn't

 11   be here today, so on her behalf, it is my great

 12   privilege and pleasure to welcome you.  And as Bob

 13   Brackett did, once again, thank you for taking time

 14   from what I know is a very busy schedule to come

 15   here and to allow us to benefit from your expert

 16   knowledge.

 17             My job, as Sandy mentioned, is to outline

 18   the task that we're asking you to focus on over the

 19   next day and a half during the part one of this

 20   two-part meeting, and perhaps to review and amplify

 21   on and actually maybe translate a little bit the

 22   questions that we're asking you to consider. 
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  1             As you're aware from the background

  2   materials that you got, the agency is evaluating

  3   health claim petitions that concern glucosamine and

  4   chondroitin sulfate and osteoarthritis.  In a few

  5   minutes, Louisa Nickerson of FDA is going to give

  6   you some brief background concerning health claims

  7   to give you context and an idea of the framework in

  8   which we are operating.  But I want to emphasize

  9   that the questions that are in front of you

 10   actually are--and the questions that we're asking

 11   you to consider are not about health claims per se.

 12             Furthermore, as you'll have noted from

 13   your background material and the information, the

 14   questions are also not about glucosamine and

 15   chondroitin sulfate specifically.  Rather, what we

 16   are asking you and what we're asking your help

 17   about is in assessing the science needed to

 18   demonstrate reduction in risk of osteoarthritis in

 19   healthy people.  Health claims have to do with the

 20   relationship between a substance and a disease and

 21   reduction of risk of a disease in healthy people.

 22             What we put in the Federal Register notice 
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  1   about this meeting is actually pretty much on

  2   point.  In part, it reads, "to receive advice and

  3   recommendations relating to the etiology of

  4   osteoarthritis, its modifiable risk factors, and

  5   the relevance of scientific studies cited in the

  6   petitions that substantiate the substance/disease

  7   relationship."

  8             Okay.  Let's see.  This is this, and this

  9   advances?  Yes, it does.  Thank you.

 10             The first question--and as I say, I am

 11   going to try to translate a little bit because they

 12   look pretty long and involved on your piece of

 13   paper, but this is identical to what you have in

 14   your background.  It is revised spatially to

 15   simplify it a little bit, but same words.

 16             The first question really then is about

 17   modifiable risk factors.  That is, are joint

 18   degeneration or cartilage deterioration a valid

 19   risk factor for osteoarthritis that can be

 20   modified, and can be modified in this case by diet,

 21   a dietary substance, leading to a reduction in risk

 22   of osteoarthritis in healthy people?  That's really 
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  1   what we're asking about.

  2             We recognize that there really isn't

  3   complete knowledge, as you well know, about the

  4   etiology and development of osteoarthritis.  But in

  5   this case, as is true with the other questions,

  6   and, really, as is true generally in the way we do

  7   business, the information that's available today is

  8   what we're going to have to use to make essentially

  9   a binary decision.  We recognize that our

 10   conclusion could change as information changes, but

 11   what we really need to ask you is your views on

 12   which way does the needle point on this and the

 13   other questions with the information we have in

 14   front of us today.

 15             The second question really gets to the

 16   relevance of studies and information on patients

 17   with osteoarthritis, to the questions we need to

 18   answer.  The petitions cite many intervention

 19   studies in patients with osteoarthritis, and this

 20   question really is asking about the relevance of

 21   that data, and the data and information that could

 22   show that a substance treats osteoarthritis or may, 
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  1   for example, slow joint degeneration or cartilage

  2   deterioration in osteoarthritis patients.  What is

  3   the relevance of that information?  Can that

  4   information be validly extrapolated to the question

  5   in front of us, which is reduction of risk in

  6   healthy population?

  7             And the third question, (a) and (b), has

  8   to do with the utility and relevance of in vitro

  9   models and of animal models.  Some of the data

 10   before us are from animal or in vitro models of

 11   osteoarthritis.  So this question is really asking

 12   what's the relevance and utility of these models

 13   for assessing disease risk reduction in humans and

 14   what sort of data would we really need to be able

 15   to base--that we could use these particular studies

 16   for, what kinds of information.

 17             And later this morning, Dr. Rowlands is

 18   going to talk about all of these in much more

 19   detail.  Furthermore, he's going to present a

 20   survey of our review of the issues raised by these

 21   questions and going to present the tentative

 22   conclusions from our analysis thus far.  After 
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  1   that, the petitioners will present their analyses

  2   and their rationale for their conclusions.  And,

  3   finally, you're going to hear from some additional

  4   experts who will try to review the state of the

  5   science on the issues raised and the questions

  6   we've put before you.

  7             We're certainly very interested in hearing

  8   from this committee your reaction to our and the

  9   petitioners' analyses and your responses to each of

 10   the questions based on the information available

 11   today.  Again, what we're really looking for is,

 12   based on everything you know, what you've seen in

 13   the background packages, and what's there, which

 14   way, again, does the needle point on each of these

 15   questions.

 16             Before I close, I want to make just one

 17   brief aside.  Some of you may have seen a notice

 18   published in the Federal Register last Thursday.

 19   That notice is regarding a consumer study that the

 20   agency was proposing to carry out related to

 21   testing consumer reactions to various types of

 22   claim language involving glucosamine and 
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  1   chondroitin sulfate.  In the event any of you

  2   became aware of it, I just want to make very clear

  3   that the notice and the studies described in that

  4   notice are in no way relevant to today's

  5   proceeding.  The study that was discussed is

  6   directed at consumer perceptions, and consumer

  7   perceptions is an area that the agency is very

  8   interested in in terms of the whole claims area,

  9   but it does not involve the scientific questions

 10   that are before you today.  The notice, in fact,

 11   was published in error and contains some

 12   misstatements and will be corrected.  But the

 13   timing was unfortunate because there was a

 14   possibility that it would get confused with what we

 15   are bringing before the Advisory Committee.  But it

 16   is quite a different issue entirely.

 17             So I think I'm going to repeat what Bob

 18   Brackett said.  We very much look forward to

 19   today's and tomorrow's discussions on this subject.

 20   I'm sure they'll be very helpful to us, as has been

 21   true of other Advisory Committee meetings, in

 22   reaching a solid and well-justified and well-documented 
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  1   decision on these petitions.  Advisory

  2   Committees in the past have helped us enormously in

  3   making sure that our decisions benefit from

  4   objective, public discussion and examination of

  5   issues from all sides.

  6             I expect your deliberations will be

  7   lively, will help us greatly.  Again, welcome and

  8   thank you for your attention.

  9             DR. MILLER:  Thank you.

 10             Before we go on, Dr. John Cush joined us.

 11   Would you introduce yourself for the record?

 12             DR. CUSH:  Jack Cush.  I'm a

 13   rheumatologist from Presbyterian Hospital, Dallas.

 14   And I'm on the Arthritis Advisory Board.

 15             DR. MILLER:  Thank you.

 16             Laura, why don't you wait a minute and see

 17   if there are any questions.  Any questions for

 18   clarification?  This is very important that we all

 19   understand what we're supposed to be doing here and

 20   what we're supposed to be working on.  So if you

 21   have any questions, Laura will be here, of course,

 22   throughout the meeting and if questions come up-- 
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  1             DR. TARANTINO:  We will probably come back

  2   to this a couple times, too, but yes.

  3             DR. FELSON:  "Healthy people" is a hard

  4   one to deal with.  So if this were to be taken or

  5   if something were to be taken for people who

  6   already have disease to prevent worsening of

  7   disease, does that fit the criterion?

  8             DR. TARANTINO:  I guess if you could

  9   differentiate that from treating the disease--it's

 10   not an easy distinction to make.  I'd be interested

 11   to hear the discussion.

 12             DR. ZEISEL:  May I ask, just to clarify,

 13   because that is the crux, I think, of today's

 14   discussion.  There can be a stage in which

 15   cartilage degeneration or other symptoms occur in

 16   which osteoarthritis is not yet diagnosed, and that

 17   would be a healthy person preventing progression to

 18   the point where the disease is diagnosable?  Is

 19   that the idea?

 20             DR. TARANTINO:  Yes, if there is someone

 21   who--well, either the general population without

 22   symptoms, it's that population, can you show that 

                                                                32

  1   it would inhibit progression to disease?

  2             DR. ABRAMSON:  This can go on a long time,

  3   but if a person has atherosclerosis--

  4             DR. TARANTINO:  Yes, I was going to say, I

  5   suspect--

  6             DR. MILLER:  Excuse me.  Please identify

  7   yourself for the record.

  8             DR. ABRAMSON:  Steve Abramson.  This is a

  9   very subjective kind of debate, and I would only

 10   have paused at this moment because the analogy of

 11   someone having asymptomatic osteoarthritis is not

 12   dissimilar from having asymptomatic coronary heart

 13   disease, perhaps.  And if a person has coronary

 14   heart disease and is asymptomatic, are they a

 15   healthy person or not a healthy person?  I think

 16   these are the kinds of things that we have to--not

 17   make osteoarthritis a disease that's necessarily

 18   different from other common diseases that we take

 19   care of.

 20             DR. TARANTINO:  I would agree.

 21             DR. MILLER:  Okay.  Thank you, Laura.

 22             Next is Louisa Nickerson from the Office 
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  1   of General Counsel to give us an overview of the

  2   legal framework for this.

  3             MS. NICKERSON:  Good morning.  My name is

  4   Louisa Nickerson.  I'm a lawyer for the FDA, and

  5   I'm here to try to give you a little bit of legal

  6   context for what you're being asked to do.

  7             I am not going to even attempt to explain

  8   the entire regulatory system for health claims

  9   because, for one thing, we'd be here all day; and,

 10   second, because it's not necessary.  As Dr.

 11   Tarantino has emphasized, you're here to address

 12   scientific issues.

 13             Nonetheless, we thought it would be

 14   helpful to tell you just a little bit about how FDA

 15   regulates health claims and about how FDA defines

 16   certain terms that you may have come across in the

 17   background materials that were provided to you.

 18             Being a lawyer, I'm going to start with a

 19   disclaimer.  I want to emphasize again that your

 20   role is to advise us on scientific issues, and so

 21   the information that I'm going to provide is for

 22   background only.  You should not--we're not asking 
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  1   you to resolve any regulatory issues or to draw any

  2   legal conclusions because that's the agency's role,

  3   and for us to ask you to do that would not be an

  4   appropriate use of the committee.

  5             I want to say a little bit about

  6   regulatory categories.  There are some products

  7   that are drugs; there are some products that are

  8   dietary supplements.  Again, I'm not going to try

  9   to go into the ramifications of the full

 10   definitions of those terms.  But I do want to point

 11   out first that there is some overlap between those

 12   categories:  for products intended to affect the

 13   structure or function of the body and also for

 14   products that are intended to reduce the risk of

 15   disease.

 16             The other point that I wanted to make is

 17   that if a product is intended to treat, mitigate,

 18   or cure disease, there is no overlap.  That kind of

 19   product is regulated as a drug.  And that's true

 20   even if it's labeled as a dietary supplement and

 21   even if it otherwise qualifies as a dietary

 22   supplement. 
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  1             So let me give you a couple of examples in

  2   the context of osteoarthritis.  The claims for

  3   relief of the signs and symptoms of osteoarthritis

  4   and effective arthritis pain relief, those are both

  5   treatment claims that make the product a drug.  In

  6   fact, as many of you probably know, those are

  7   actual claims that are made for osteoarthritis

  8   drugs on the market.

  9             I also want to talk a little bit about the

 10   definition of "health claim," which I think Dr.

 11   Tarantino has already mentioned.  Our definition of

 12   "health claim" is not the same as the ordinary

 13   English meaning of that term.  I think when a lot

 14   of people hear "health claim," they think it means

 15   just any claim about health, and in some contexts,

 16   it certainly does mean that.  But FDA defines that

 17   term in a very specific and narrower way.  Our

 18   definition of "health claim" is "any claim made on

 19   the label or in the labeling of food, including a

 20   dietary supplement, that expressly or by

 21   implications...characterizes the relationship of

 22   any substance to a disease or health-related 
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  1   condition."  And if you're wondering the difference

  2   between label and labeling, they do mean different

  3   things.  The label is the immediate product label;

  4   whereas, labeling is a broader term that also

  5   includes other promotional material that

  6   accompanies the product, such as brochures,

  7   leaflets, catalogues, that sort of thing.  But it

  8   does not include advertising.

  9             To give you a couple of examples of health

 10   claims that FDA has authorized by regulation, there

 11   is a claim for foods containing soy protein:  "25

 12   grams of soy protein a day, as part of a diet low

 13   in saturated fat and cholesterol, may reduce the

 14   risk of heart disease.  A serving of [name of food]

 15   supplies __ grams of soy protein."  That's a type

 16   of claim about a beneficial substance in food.

 17             There are also claims that relate to

 18   limiting the amount of substances that may be

 19   harmful, that may increase the risk of disease if

 20   eaten in excess.  So, for example, for low-sodium

 21   foods, there's a health claim:  "Diets low in

 22   sodium may reduce the risk of high blood pressure, 
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  1   a disease associated with many factors."

  2             So since health claims are about the

  3   effect of a food substance on a disease or a

  4   health-related condition, it's important to

  5   understand how FDA defines those terms.  They are

  6   defined by regulation:  "Disease or health-related

  7   condition" means "damage to an organ, part,

  8   structure, or system of the body such that it does

  9   not function properly...or a state of health

 10   leading to such dysfunctioning..." except that

 11   nutrient deficiency diseases, such a scurvy and

 12   pellagra, are not included in the definition for

 13   regulatory purposes.

 14             So a couple brief examples.  Diabetes

 15   would be considered a disease.  Insulin resistance

 16   would be considered a health-related condition,

 17   that is, a state of health leading to disease.

 18             It's also important to note that the scope

 19   of health claims is limited.  Health claims are

 20   about reducing the risk of a disease or health-related

 21   condition.  They're not about treating,

 22   mitigating, or curing diseases.  That is the 
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  1   position that FDA took in responding to a health

  2   claim petition for saw palmetto and relieving the

  3   symptoms of benign prostatic hypertrophy a couple

  4   years ago, and that position was upheld by a

  5   federal appellate court at the beginning of this

  6   year in the case of Whitaker v. Thompson.

  7             So applying that concept, an example of a

  8   claim that would not be a health claim--and this is

  9   actually the claim that was proposed for saw

 10   palmetto--"Consumption of 320 mg daily of saw

 11   palmetto extract may improve urine flow, reduce

 12   nocturia and reduce voiding urgency association

 13   with mild benign prostatic hyperplasia."  And that

 14   is not a health claim because it's about treating

 15   or mitigating BPH by relieving its symptoms.

 16             That's all that I wanted to cover today.

 17   As I mentioned, I was not intending to provide a

 18   comprehensive view of the regulatory framework, but

 19   just touch on a few relevant terms and issues.

 20             Are there any questions?  Yes?

 21             DR. HARRIS:  Ed Harris.  I would like you

 22   to clarify just why a nutrient deficiency, which we 
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  1   know can lead to quite a bit of abnormal

  2   metabolism, why is that not considered in your

  3   context a health claim--or disease state?

  4             MS. NICKERSON:  Because--it's not that we

  5   don't consider it a disease scientifically.  It's

  6   that obviously Vitamin C is good for preventing

  7   scurvy.  We didn't want people to have to go

  8   through the health claim regulatory process of

  9   coming to us with their data when it was obvious

 10   that, you know, Vitamin C would work for that use

 11   and other nutrients would solve other--would cure

 12   other nutrient deficiency diseases.

 13             Yes?

 14             DR. DWYER:  If this example is not a

 15   health claim, is it a drug claim?

 16             MS. NICKERSON:  Yes.  That would be a drug

 17   claim.

 18             Yes?

 19             DR. BLONZ:  Edward Blonz.  The concept of

 20   functioning properly, is this an age-specific

 21   dynamic definition?

 22             MS. NICKERSON:  That's a scientific 
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  1   question, so I'm not going to try to address that.

  2   Craig, is that something that you can address

  3   later?

  4             DR. ROWLANDS:  [Inaudible, off

  5   microphone.]

  6             MS. NICKERSON:  Anyone else?

  7             DR. MILLER:  Dr. Cush?

  8             DR. CUSH:  This is Jack Cush.  Would this

  9   be a health claim if it were to stop at "improving

 10   urine flow and reduce nocturia" and didn't go into

 11   association with BPH?  Again, it would be being--use the

 12   health claim because it improves symptoms

 13   without necessarily trying to comment on

 14   relatedness to disease?

 15             MS. NICKERSON:  Well, I don't think it

 16   matters if the disease is mentioned, as long as you

 17   have characterizing symptoms of the disease.  So

 18   one can recognize from what conditions described

 19   are that, okay, we're talking about the typical

 20   symptom complex of BPH, which is what those are.

 21             DR. CUSH:  Right.

 22             MS. NICKERSON:  Then it doesn't make a 
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  1   difference if they use the words BPH or not.  It's

  2   just the difference between an implied claim and an

  3   express claim.

  4             DR. MILLER:  Dr. Krinsky?

  5             DR. KRINSKY:  Norman Krinsky.  If the

  6   definition of a health claim is to reduce the risk

  7   of a disease, is that, therefore, limited to a

  8   healthy population?

  9             MS. NICKERSON:  Yes, that's our position.

 10             DR. MILLER:  Dr. Zeisel?

 11             DR. ZEISEL:  Again, help me understand.

 12   When does a condition become a disease?  So

 13   prostate being slightly larger, is that a disease?

 14   Or does it have to be diagnosed as prostatic

 15   hyperplasia by a physician to become a disease?

 16             MS. NICKERSON:  Again, I really think

 17   that's a scientific and medical question that I

 18   can't address.  But I will say, you know, what a

 19   healthy person is is certainly a matter of debate.

 20             DR. MILLER:  This discussion reminds me

 21   why I am always nervous when scientists get

 22   involved in regulatory activities. 
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  1             [Laughter.]

  2             DR. MILLER:  I just want to remind you

  3   that the questions we're being asked have nothing

  4   to do with the regulation, or to the issue of

  5   regulation.  The questions being asked is whether

  6   or not the science supports a relationship between

  7   various biomarkers, among other things, and the

  8   disease of osteoarthritis.  And I think it's been

  9   too much fun trying to understand the morass of

 10   regulatory language.

 11             All right.  Thank you.

 12             Next, Dr. Craig Rowlands from FDA will

 13   give us an overview of the petitions and say

 14   something about the review process.

 15             DR. ROWLANDS:  I can see I already have my

 16   work cut out here.  I got three questions before I

 17   even got to the podium.

 18             First, I just want to thank you, Dr.

 19   Miller, and thank you, members of the committee,

 20   for being here.  I know some of you, perhaps all of

 21   you, had to do some gymnastics with your schedules

 22   to be here on such short notice, and we do 
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  1   appreciate it.  And what you have to say to us is

  2   very important, so we're looking forward to these

  3   discussions.

  4             So my goal this morning is to cover some

  5   of the background you've already heard--I'll just

  6   reiterate a couple of points--and then provide you

  7   a summary of the scientific evidence that was

  8   submitted in the petitions, along with the relevant

  9   conclusions for the questions we've asked from the

 10   petitions' conclusions, provide you with our

 11   evaluation of the evidence that raised the issues

 12   which were the basis for the questions we gave you,

 13   and then I'd like to leave you with the meeting's

 14   objectives.

 15             So the petitioners are Weider Nutrition

 16   International, Incorporated--I'll refer to them as

 17   Petitioner A--and Rotta Pharmaceutical, whom I'll

 18   refer to as Petitioner B.

 19             Petitioner A submitted nine independent

 20   health claims based on two different substances.

 21   That would be:  Glucosamine may reduce the risk of

 22   osteoarthritis, may reduce the risk of joint 
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  1   degeneration, and may reduce the risk of cartilage

  2   deterioration.  Also, chondroitin sulfate may

  3   reduce the risk of osteoarthritis, joint

  4   degeneration, and cartilage deterioration.  And,

  5   again, the same three claims for combination

  6   products of glucosamine and chondroitin sulfate.

  7             Rotta Pharmaceutical, Petitioner B,

  8   submitted one health claim:  Crystalline

  9   glucosamine sulfate may reduce the risk of

 10   osteoarthritis.

 11             As Louisa has already pointed out, health

 12   claims are about a substance-disease relationship.

 13   They're about risk reduction in healthy

 14   populations, not disease treatment or mitigation;

 15   those are regulated as drugs.  Let me just go ahead

 16   and point out one of the questions is what is

 17   healthy, and what we look at for healthy is

 18   individuals who do not have the diagnosed disease

 19   that is the subject of the health claim.  So they

 20   would be healthy if they do not have a diagnosed

 21   condition, in this case of osteoarthritis.

 22             The substances, of course, are glucosamine 
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  1   and chondroitin sulfate.  Glucosamine is a

  2   glycoprotein and is an endogenous substance.  It is

  3   derived from marine exoskeletons or produced

  4   synthetically for commercial markets.  And it is

  5   sold as the sulfate sodium chloride, or sulfate,

  6   salt, the hydrochloride salt, and N-acetyl-glucosamine.

  7             Chondroitin sulfate is a very different

  8   kind of substance.  It's a glucosaminoglycan, which

  9   is a large molecule made of glucuronic acid and

 10   galactosamine, and it is manufactured from natural

 11   sources such as shark and bovine cartilage.

 12             Of course, the disease is osteoarthritis,

 13   and Stedman's Medical Dictionary defines this as

 14   arthritis which is characterized by erosion of

 15   articular cartilage, either primary or secondary to

 16   trauma or other conditions, which becomes soft,

 17   frayed, and thinned with eburnation of subchondral

 18   bone and outgrowths of marginal osteophytes.

 19   That's quite a mouthful, but basically what it

 20   means is it's a disease of not just the cartilage

 21   or just the bone or just the musculature.  It is a 
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  1   disease of the whole joint.  Dr. Lee Simon will be

  2   providing us an overview of osteoarthritis later on

  3   this afternoon, where he will talk about the

  4   etiology of the disease and some of its modifiable

  5   risk factors.

  6             The characterized risk factors include

  7   genetic predisposition, trauma, anatomic/postural

  8   abnormalities, and obesity.  However, our reading

  9   of the petitions, the literature, and our

 10   consultation with experts indicates that there are

 11   no biomarkers that are valid modifiable risk

 12   factors/surrogate endpoints for osteoarthritis.

 13   And this is one of the major goals of the National

 14   Institutes of Health's Osteoarthritis Initiative,

 15   to identify cartilage and bone metabolism

 16   endpoints, biochemical markers that could be

 17   validated as modifiable risk factors/surrogate

 18   endpoints.

 19             The scientific evidence summarized in the

 20   petitions include in vitro mechanistic studies,

 21   animal studies, and human clinical studies in OA

 22   patients.  Petitioner A provided a summary of all 
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  1   three types of studies, whereas Petitioner B

  2   focused on the glucosamine sulfate studies in human

  3   clinical studies in osteoarthritis patients.

  4             The in vitro mechanistic data were

  5   conducted in human and animal primary cell

  6   cultures, established cell culture models, and

  7   tissue/organ cultures, and these studies reported

  8   that glucosamine and chondroitin sulfate positively

  9   affected various biochemical endpoints for

 10   inflammation, cartilage degradation, and immune

 11   responses, as well as stimulated the production of

 12   proteoglycans.

 13             The animal studies for glucosamine

 14   reported that it reduced kaolin- and adjuvant-induced tibio-

 15   tarsal arthritis in rats; glucosamine

 16   reduced cartilage degradation in rabbits; and some

 17   of these studies also gave chondroitin sulfate; and

 18   glucosamine was reported to enhance the rate of new

 19   articular cartilage proteoglycan synthesis in mice.

 20             Chondroitin sulfate prevented articular

 21   cartilage degradation which was induced by

 22   chymopapain in rabbits, Freund's adjuvant in mice, 
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  1   and surgery in rabbits.

  2             The human clinical studies were all

  3   conducted in osteoarthritis patients, and these

  4   studies reported that glucosamine and chondroitin

  5   sulfate improved symptoms of pain and functionality

  6   using things such as Lequesne index, WOMAC's index,

  7   visual analog scales.  And some of these studies

  8   directly compared these substances to the

  9   nonsteroidal anti-inflammatory drugs, for example,

 10   Ibuprofen.

 11             These studies in OA patients also reported

 12   that there was improvement in joint degeneration

 13   and cartilage deterioration based on radiographic

 14   evidence, which were X-rays of joint space

 15   narrowing, and some of these studies also reported

 16   biochemical evidence for bone and cartilage

 17   metabolism in synovium, serum, and urine.

 18             So the petitioners concluded from this

 19   evidence that human clinical intervention studies

 20   in OA patients support OA risk reduction in healthy

 21   populations, that is, people without

 22   osteoarthritis. 
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  1             Joint degeneration and cartilage

  2   deterioration are valid modifiable risk

  3   factors/surrogate endpoints for osteoarthritis.

  4   And for Petitioner A, animal and in vitro models of

  5   OA are relevant to OA risk reduction in humans.

  6             We evaluated the evidence and identified

  7   several issues which are related to the relevance

  8   of OA treatment studies to OA risk reduction in

  9   healthy populations; the validity of joint

 10   degeneration and cartilage deterioration as

 11   modifiable risk factors/surrogate endpoints for

 12   osteoarthritis; and the relevance of animal and in

 13   vitro models of osteoarthritis to humans.

 14             The FDA relies upon two types of outcomes

 15   to determine disease risk reduction.  The strongest

 16   evidence is a reduction in the incidence of

 17   disease.  These would be intervention and

 18   observational studies in healthy people--those

 19   without OA--demonstrating that a substance reduces

 20   the incidence of osteoarthritis.

 21             However, all of the human clinical

 22   intervention studies were conducted in OA patients. 
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  1   There were no intervention or observational studies

  2   in healthy people demonstrating OA risk reduction.

  3             FDA also relies upon studies measuring

  4   beneficial changes in valid modifiable risk

  5   factors/surrogate endpoints for disease.  These

  6   would be intervention and observational studies in

  7   healthy humans demonstrating that intake of a

  8   substance produces beneficial changes in valid

  9   modifiable risk factors/surrogate endpoints for

 10   osteoarthritis.

 11             So then what is a valid modifiable risk

 12   factor or surrogate endpoint?  This is a biological

 13   entity that meets all three of the following

 14   conditions:  it is associated with disease; it

 15   mediates the relationship between intake in healthy

 16   people and disease; and its expression is modified

 17   by intake of a substance in healthy people.

 18             I've tried to represent this with a

 19   diagram at the bottom of the slide where the green

 20   box represents healthy people, the yellow box

 21   represents valid modifiable risk factors/surrogate

 22   endpoints, and the red box represents disease or 
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  1   health-related condition.

  2             Essentially, there are two relationships.

  3   Relationship 1 is between the modifiable risk

  4   factor/surrogate endpoint and the disease.  And

  5   Relationship 2 is between the intervention in

  6   healthy subjects and the modifiable risk

  7   factor/surrogate endpoint.

  8             Relationship 1 must be valid if it is to

  9   be relied upon in Relationship 2.  That is, there

 10   must be evidence that the modifiable risk

 11   factor/surrogate endpoint predicts clinical

 12   outcome.  Only then can intervention studies in

 13   healthy subjects rely upon the modifiable risk

 14   factor/surrogate endpoint to establish disease risk

 15   reduction.

 16             The example given is the qualified health

 17   claim for walnuts.  Because it has been established

 18   that LDL cholesterol is a valid modifiable risk

 19   factor/surrogate endpoint for coronary heart

 20   disease, intervention studies in healthy subjects

 21   that observed decreased serum LDL cholesterol were

 22   relevant for demonstrating a reduced risk for 
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  1   coronary heart disease.

  2             So then are joint degeneration and

  3   cartilage deterioration associated with

  4   osteoarthritis?  I think the answer is obvious.

  5   Yes, there is clearly plenty of evidence that

  6   they're associated with osteoarthritis.

  7             Does joint degeneration and cartilage

  8   deterioration mediate the relationship between

  9   intake of a substance in healthy people and

 10   osteoarthritis?  That is, is there evidence that

 11   changes in joint degeneration or cartilage

 12   deterioration predict clinical outcome for

 13   osteoarthritis?  Well, the evidence given to us in

 14   the petition and our own reviewing of the

 15   literature, we did not identify any intervention

 16   studies of any substance in healthy individuals

 17   that measured both joint degeneration or cartilage

 18   deterioration and OA incidence, precisely the type

 19   of evidence one would need if you're going to

 20   determine whether or not these are predictive of

 21   clinical outcome.

 22             So then are joint degeneration and 
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  1   cartilage deterioration modified by intake of a

  2   substance in healthy people?  Again, all of the

  3   evidence provided was in OA patients.

  4             Then are joint degeneration and cartilage

  5   deterioration valid modifiable risk factors/surrogate

  6   endpoints for osteoarthritis.  As I said,

  7   they're clearly associated with osteoarthritis.

  8   However, we don't know whether they mediate the

  9   relationship between intake in healthy people and

 10   OA; we don't know whether their expression is

 11   modified by intake of a substance in healthy

 12   people.

 13             So our tentative conclusion is that, no,

 14   these are not valid modifiable risk factors for

 15   osteoarthritis.  We've given you questions directly

 16   asking this, and we're very interested to hear your

 17   opinions on this matter.

 18             The last issue very quickly then is:  Do

 19   animal and in vitro models of OA mimic human

 20   osteoarthritis?  Well, we know that animals have a

 21   different physiology, in vitro models are conducted

 22   in an artificial environment, and when you combine 
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  1   this with the fact that the etiology of OA in

  2   humans is poorly understood, it would seem to

  3   indicate that animal and in vitro models of OA

  4   cannot be relied upon for predicting human effects.

  5   In fact, this was demonstrated a few years ago in a

  6   study that reported that nonsteroidal anti-inflammatory

  7   drugs inhibit OA in rodents but not in

  8   humans.

  9             The role of animal and in vitro models of

 10   OA risk reduction will be discussed this afternoon

 11   by Dr. Jim Witter, who is a rheumatologist with the

 12   FDA Center for Drug Evaluation and Research.

 13             So these issues served as the basis for

 14   our questions.  I'll go ahead and read them into

 15   the record.  Is, for Question (1a), joint

 16   degeneration and, for Question (1b), cartilage

 17   deterioration a state of health leading to disease,

 18   that is, a modifiable risk factor/surrogate

 19   endpoint for OA risk reduction?  Then we'd like to

 20   know what are the strengths and limitations of the

 21   scientific evidence on this issue.  This question

 22   is essentially asking:  Are joint degeneration and 
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  1   cartilage deterioration valid modifiable risk

  2   factors/surrogate endpoints for osteoarthritis?

  3             Question 2 is:  If we assume that joint

  4   degeneration or cartilage deterioration is a

  5   modifiable risk factor/surrogate endpoint for OA

  6   risk reduction and we assume that research

  7   demonstrates that a dietary substance treats,

  8   mitigates, or slows joint degeneration or cartilage

  9   deterioration in patients diagnosed with

 10   osteoarthritis, is it scientifically valid to use

 11   such research to suggest a reduced risk of OA in

 12   the general healthy population--again, these would

 13   be individuals without osteoarthritis--from

 14   consumption of the dietary substance?  And this

 15   question is essentially asking:  Is it

 16   scientifically valid to use human OA treatment

 17   studies to suggest a reduced risk of OA in the

 18   general healthy population?

 19             And the final question is:  If human data

 20   are absent, can the results from animal and in

 21   vitro models of OA demonstrate risk reduction of OA

 22   in humans?  And then we have two subparts:  Subpart 
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  1   (a), To the extent that animal or in vitro models

  2   of OA may be useful, what animal models, or in

  3   vitro models, types of evidence, and endpoints

  4   should be used to assess risk reduction of OA in

  5   humans?  And (b) is:  If limited human data are

  6   available, what data should be based on human

  7   studies and what data could be based on animal and

  8   in vitro studies to determine whether the overall

  9   data are useful in assessing a reduced risk of OA

 10   in humans?

 11             This question is simply asking:  Are the

 12   results from animal and in vitro models relevant

 13   for demonstrating OA risk reduction in humans?

 14             This meeting then is about the science

 15   needed to demonstrate risk reduction.  It is not

 16   about disease treatment or mitigation.  This

 17   meeting is about osteoarthritis.  It's not about

 18   glucosamine and chondroitin sulfate.  it's a

 19   meeting about the etiology of osteoarthritis, its

 20   valid modifiable risk factors/surrogate endpoints,

 21   and the relevant models of osteoarthritis.  Because

 22   it's about risk reduction in osteoarthritis, we 
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  1   also feel that the recommendations of this FAC can

  2   apply to other substance-osteoarthritis

  3   relationships.

  4             Again, I thank you for being here, and I

  5   look forward to the discussions over the next day

  6   and a half.

  7             DR. MILLER:  Thank you, Craig.

  8             Any questions or comments?  Dr. Cush?

  9             DR. CUSH:  You several times have said

 10   this is not about mitigating the disease through a

 11   substance.  And in Ms. Nickerson's presentation,

 12   she stated that a dietary supplement is a product

 13   that is intended to treat, mitigate, or cure

 14   disease--oh, it's called a drug, sorry.  So if it

 15   mitigates a disease, it would then be classified as

 16   a drug.

 17             DR. ROWLANDS:  That's correct.

 18             DR. CUSH:  Okay.  I'm sorry.

 19             DR. CALLERY:  Pat Callery.  I understand

 20   that it's not about glucosamine or chondroitin

 21   sulfate, but you do mention glucosamine as a

 22   glycoprotein, and I'm wondering what the rationale 
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  1   is there, because we'll have much discussion later

  2   about salts and makeup and the difference between

  3   the particular agents or compounds.  I don't think

  4   it's a glycoprotein.

  5             DR. ROWLANDS:  If I made an error, I

  6   apologize.  I was simply quoting the information I

  7   was given.  But that would be--we'll put on the

  8   record what exactly it is.

  9             DR. MILLER:  Any other questions?

 10             [No response.]

 11             DR. MILLER:  All right.  Thank you, Craig.

 12             Sorry.  Johanna?  Craig, just a minute.

 13             DR. DWYER:  Just a quick one.

 14             DR. MILLER:  Dr. Johanna Dwyer.

 15             DR. DWYER:  It's Slide 12, your diagram.

 16   The diagram that shows healthy people, valid

 17   modifiable risk factors, and you use the example of

 18   walnuts, LDL cholesterol, and coronary heart

 19   disease.  And I'm focusing on the arrow from

 20   healthy people to valid modifiable risk.  That does

 21   not depend, does it, on the level of HDL

 22   cholesterol?  It's just that it affects that 
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  1   there's a causal chain?  Is that what your diagram

  2   is saying?

  3             DR. ROWLANDS:  The diagram is saying that

  4   LDL cholesterol is a valid--it's a recognized valid

  5   modifiable risk factor or surrogate endpoint for

  6   predicting coronary heart disease.  And so we don't

  7   have to--when we look at the evidence for whether

  8   or not a substance will reduce your risk for

  9   disease, we don't necessarily need--because of

 10   that, we don't need necessarily incidence data in

 11   populations.  We can rely upon evidence of LDL

 12   cholesterol, changes in serum LDL cholesterol, a

 13   reduction in this case.  That was the point of that

 14   slide.  Because we have evidence, ample evidence

 15   that LDL cholesterol is a valid modifiable risk

 16   factor and indeed does predict your risk for

 17   developing disease--and that's been established

 18   with studies where you've measured the incidence of

 19   heart disease, in the same group of people you're

 20   measuring LDL cholesterol in response to the same

 21   intervention.  And so you have that kind of

 22   evidence that essentially tested whether or not it 
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  1   was predictive, and, in fact, it was predictive.

  2   We have plenty of evidence.

  3             DR. DWYER:  I guess what I was after is:

  4   Does it matter what the level of LDL is?  If it's

  5   outside of the 95 percentile for a population, does

  6   it matter?  Or is it just the causal chain that

  7   matters?

  8             DR. ROWLANDS:  I'm not sure I understand

  9   your question, but I can tell you that we look at

 10   changes, significant changes, so statistically

 11   significant changes, decreases in LDL cholesterol,

 12   as being a beneficial effect, if that answers your

 13   question.

 14             DR. MILLER:  Dr. Russell?

 15             DR. RUSSELL:  A question going back to

 16   healthy population.  I know you gave us a

 17   definition that they don't have diagnosed disease.

 18   But I'm wondering, if a population--if a large

 19   percent of a population, let's say 50 percent of

 20   the population, has some degree of a disease, not

 21   symptomatic, let's say hypertension or let's say

 22   atrophic gastritis--there's any number that we 
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  1   could pick that sort of accompany aging--are these

  2   people considered healthy?

  3             DR. ROWLANDS:  So what is healthy, right?

  4   I mean, everyone is--

  5             DR. RUSSELL:  Yes, but I think it's an

  6   important question for us to grapple with, because

  7   your definition is, well, they just haven't been--they don't

  8   have diagnosed disease.

  9             DR. ROWLANDS:  Yes, I guess the way to

 10   look at it is when we are given a body of evidence

 11   and it says in the evidence that these individuals

 12   have the disease, well, then, we have to assume

 13   they have the disease.  The question is to the FAC:

 14   Can you base risk reduction on that kind of

 15   evidence?  And our definition in this case of

 16   disease is they have diagnosable osteoarthritis.

 17   Now, they may have other conditions.  They may be

 18   unhealthy for other reasons.  But the point we're

 19   trying to focus on is the disease which is the

 20   subject of the claim is the most important thing we

 21   want to focus on because that is what the claim is

 22   about. 
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  1             Now, to the extent that other things may

  2   be impacting that process, the experts here can

  3   fill us in.  But that's essentially our definition

  4   for health claims.

  5             DR. MILLER:  Dr. Cush?

  6             DR. CUSH:  So soy and walnuts can be given

  7   to healthy people to alter a surrogate that might

  8   help someone with a disease, and that's a good

  9   health claim.  How would aspirin be classified?

 10   Because aspirin is given to healthy people and has

 11   disease benefits downstream.  Presumably its

 12   surrogate would be by having an antithrombotic

 13   effect.  How would aspirin be handled?

 14             DR. ROWLANDS:  Aspirin, of course, is

 15   already a drug.

 16             DR. CUSH:  Right.

 17             DR. ROWLANDS:  And so once you already

 18   have something as a drug, it cannot be a food.

 19   Health claims are about foods.  But you're getting

 20   into the regulations now, so there's a technical

 21   regulatory reason why that wouldn't matter.

 22             DR. CUSH:  I was trying an example. 
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  1             DR. ZEISEL:  Just to help us, the question

  2   we're being asked--Steve Zeisel.  The question

  3   we're being asked today, one of them, is:  Can

  4   evidence in patients who already have the diagnosed

  5   disease be used to predict whether something would

  6   prevent the progression of the pre--the things that

  7   have to occur ahead of the disease being diagnosed

  8   from occurring?  So joint degeneration but not to

  9   the point of diagnosable osteoarthritis,

 10   progressing to that point being prevented is--and

 11   the question you're asking is:  Can we use data

 12   from people who already have the diagnosed disease

 13   to make that prediction?

 14             DR. ROWLANDS:  Yes, in a sense, that's

 15   correct.  I would just also point out that risk

 16   reduction and prevention, they sound the same.

 17   They're a little bit different.  We're not saying

 18   that we have to prevent it.  It would lower your

 19   risk for getting it.  So a little bit of a nuance

 20   there.

 21             DR. MILLER:  Dr. Krinsky?

 22             DR. KRINSKY:  Norman Krinsky.  It seems to 
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  1   me that you're creating a black-and-white

  2   situation, whereas there is a gray area.  For

  3   example, I have prostate cancer, and I was

  4   diagnosed with the disease.  But before I was

  5   diagnosed, was I, therefore, healthy and did not

  6   have prostate cancer?

  7             DR. ROWLANDS:  Based on if they gave us a

  8   paper and the evidence that was given to us said

  9   that you were looked at by a physician and you do

 10   not have prostate cancer, then we will assume you

 11   do not have prostate cancer.  And I realize that is

 12   a simplistic way of looking at it, but flip it

 13   around.  When you have a population that has a

 14   diagnosed disease, which is all the evidence we

 15   have here, what do you do with that?

 16             DR. MILLER:  Dr. Cush?

 17             DR. CUSH:  As a distinction between a

 18   health claim and a drug claim can be difficult in

 19   the kind of product you're talking about, is it

 20   this committee's purview to favor one over the

 21   other as opposed--or we're just here to talk about

 22   the health claim, and, for instance, there may be 
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  1   not enough evidence to make the health claim, but

  2   could we discuss then the use of a product as a

  3   drug claim?

  4             DR. ROWLANDS:  This meeting is about

  5   health claims, and to the extent you believe the

  6   evidence supports risk reduction, that's what we

  7   would like to hear about.

  8             DR. MILLER:  Actually, let me interrupt.

  9   The way I understood it, this meeting is not about

 10   a health claim, but is about the question of

 11   whether the science supports the relationship

 12   between osteoarthritis--I want to make that

 13   distinction because once you get into the issue of

 14   the regulation and the interpretation of the

 15   regulation, that's a morass.  And I don't think we

 16   have the time to get into that discussion.

 17             DR. ROWLANDS:  That's correct.  I guess I

 18   was thinking more along the lines of Question 2,

 19   which seems to be what your question is directed

 20   at, whether or not you can use what we call

 21   treatment studies to extrapolate to risk reduction.

 22   We're not interested in whether or not there is a 
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  1   therapeutic benefit for treating the symptoms of a

  2   disease.  That's not what our question is about.

  3             DR. MILLER:  Dr. Dickinson?

  4             DR. DICKINSON:  Annette Dickinson.  It's

  5   typical, I think, for research studies on any given

  6   substance and disease prevention or treatment to be

  7   done in diseased populations because you can expect

  8   with a reasonable number of subjects to get some

  9   kind of a response.

 10             In the case of dietary ingredients, if the

 11   intervention is with a dietary ingredient, like,

 12   for example, calcium or omega-3s, you may also be

 13   able fairly readily to get epidemiological

 14   information or observational information that

 15   indicates that high intakes of that nutrient also

 16   have a preventive effect in the healthy population.

 17             But if you're dealing with a substance

 18   like chondroitin, for example, which might not be

 19   widely consumed in the general population unless

 20   they're supplementing it, then there will be

 21   barriers to drawing conclusions about the healthy

 22   population because it's not something they're 
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  1   exposed to in meaningful amounts in the regular

  2   diet.  And yet we can point to many examples, like

  3   with omega-3 and calcium, where intervention agents

  4   are also effective prevention agents.  Are we

  5   allowed to take those comparisons into account,

  6   those comparative cases into account?

  7             DR. ROWLANDS:  I'm not in a position to

  8   tell you what you can and cannot take into account.

  9   If you feel it's important, then I guess that

 10   should be something you should bring into your

 11   discussion.

 12             DR. FELSON:  You didn't want this to be a

 13   discussion of glucosamine and chondroitin, so let's

 14   leave it as a discussion of osteoarthritis and

 15   whether risk factors for incident disease and

 16   progressive disease are the same.  There are a

 17   number of studies--and probably Dr. Simon will

 18   review them--that suggest very strongly that the

 19   risk factors differ for incidence and progression.

 20   Bone density, for example, appears to be--increased

 21   bone density appears to be a risk factor for

 22   incident disease, and yet data suggests that it 
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  1   probably--high bone density protects against

  2   progressive disease.

  3             Vitamin D, what data there are suggest

  4   that it protects against progressive disease and

  5   has no effect on incident disease.  Okay?  So I

  6   think it would be beyond a scientific reasonable

  7   extrapolation to suggest that anything that treats

  8   this disease is likely to have an effect on

  9   incidence.

 10             DR. MILLER:  That was Dr. Felson.

 11             Dr. Lane?

 12             DR. LANE:  Yes, I was just going to

 13   comment further on Dr. Felson's question.  With the

 14   limited data that we now have regarding risk

 15   factors for incident and risk factors for--or

 16   variables associated with progression of disease,

 17   it's limited, but Dr. Felson brings up just about

 18   everything we know.

 19             DR. MILLER:  Any other comments?

 20             [No response.]

 21             DR. MILLER:  We're doing quite well so

 22   far.  I hate to think that my role is to watch the 
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  1   clock, but I guess that's what it is.

  2             Dr. Bucci?

  3             DR. BUCCI:  Here.

  4             DR. MILLER:  Are you prepared to make your

  5   presentation now?

  6             DR. BUCCI:  Yes, I am.

  7             DR. MILLER:  Why don't we do that and then

  8   we'll take our break after Dr. Bucci's presentation.

  9             DR. BUCCI:  Well, good morning, ladies and

 10   gentlemen, and I wish to thank the Food Advisory

 11   Committee for inviting us to make this

 12   presentation.

 13             My role here is to do several things, and

 14   really what I'm here for is to show evidence,

 15   credible evidence, that glucosamine and chondroitin

 16   sulfate reduces the risk of osteoarthritis, joint

 17   degeneration and/or joint deterioration.

 18             So what I'll do is--I don't think I'll

 19   spend much time reviewing the need for reducing the

 20   risk of osteoarthritis.  I think that is self-evident.

 21   Also, the proposed health claims have 
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  1   already been listed.  What I would like to do,

  2   though, is spend a wee bit of time on reviewing the

  3   roles of glucosamine and chondroitin in reducing

  4   osteoarthritis risk.  One of the ways I'll do that

  5   is by showing you what they do in normal cartilage

  6   tissue and then get into some of what I feel is

  7   credible evidence that supports these claims.

  8             These are facts and figures taken from the

  9   Centers for Disease Control, and arthritis is the

 10   leading cause of disability in the United States.

 11   I think the numbers speak for themselves here.

 12             What I find of great interest are the

 13   9,500 deaths from a supposedly non-fatal disease.

 14   Now, I realize some of these figures lump

 15   rheumatoid arthritis with osteoarthritis, but

 16   medical textbooks have said that osteoarthritis has

 17   an--or if you have osteoarthritis, you have an 11-percent

 18   higher death rate than the average

 19   population.  And this is from a non-fatal disease.

 20             So obviously there is a need to reduce the

 21   risk of osteoarthritis in the general population,

 22   if for no other reason than to not have people die 
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  1   needlessly.

  2             But as you can see, there's a huge cost

  3   associated with the treatment of osteoarthritis.

  4   Its impact is enormous, and that's one of the

  5   reasons that we're all here today, is to figure out

  6   if we can reduce this enormous risk and burden to

  7   our health care.

  8             The very bottom part of this figure shows

  9   the age ranges of incidence of osteoarthritis, and

 10   as we all are aware, this is an age-related type of

 11   condition.  However, ages 18 to 44, I think people

 12   in that age group would deny that they're aged, and

 13   one out of five of them has diagnosed arthritis.

 14   Again, some of these are rheumatoid but, still, the

 15   majority is osteoarthritis since that makes up

 16   about 80 percent of the total arthritis.

 17             The point I'm getting at here is that

 18   these people would--these are not considered aged

 19   people.  It is not a completely age-related

 20   disease, and this speaks to the variety of factors.

 21             Okay.  These are the health claims that

 22   have been proposed by Weider Nutrition.  
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  1   Glucosamine and chondroitin may reduce the risk of

  2   osteoarthritis, joint degeneration, and joint

  3   deterioration.  I think we've seen these already so

  4   I'll proceed on in the interest of time.

  5             What I'd like to do is give you some

  6   visual reference points so you can put what

  7   glucosamine and chondroitin do into a context and

  8   mental framework.

  9             Uh-oh, I hit the wrong button again.  This

 10   even works behind your back.  Very good.

 11             This is an artist's rendition of articular

 12   cartilage, and the point here is that this is a

 13   different tissue than others in the body, quite

 14   different, in fact.  Cartilage is thought of by

 15   most people as being sort of an inert Teflon washer

 16   for your joints that cushions--makes your joint

 17   lubricated so they can slide easily and you can

 18   have adequate movement.  Obviously, this is an

 19   artist's rendition, so there are a few things out

 20   of scale.  But the point here is that there's no

 21   blood vessels inside of cartilage, except for some

 22   in the menisci; no nerves; no lymphatics. 
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  1             These chondrocytes, which are the primary

  2   cell type in cartilage, rely on diffusion from

  3   synovial and subchondral bone blood vessels to get

  4   all their nutrients--oxygen, water, carbohydrates,

  5   protein, amino acids, glucosamine, et cetera.

  6             This is a little more of a closeup of

  7   cartilage in a very stick-figure kind of diagram.

  8   Chondrocytes are supposed to be the only cell type

  9   in cartilage, and they manufacture this cartilage

 10   matrix, which is a combination of Type II collagen

 11   mostly, which are represented by these purple

 12   girder-like structures.  And in between all the

 13   very precisely laid out collagen girders are these

 14   proteoglycans, commonly called--aggrecan is the

 15   main one.  And these are composed of--what I'll

 16   show you is mostly chondroitin sulfate.

 17             As you can see in this stick figure, these

 18   little yellow sticks running around randomly,

 19   supposedly randomly, but in between these girders

 20   represent the proteoglycans.  And we'll give you a

 21   little bit better picture in a moment.

 22             But, first of all, these proteoglycans 
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  1   form around a hyaluronan backbone, HA, and

  2   hyaluronan is a glucosaminoglycan; 50 percent of it

  3   is directly derived from glucosamine.  And we have

  4   these proteoglycan subunits that are attached to

  5   the hyaluronan over and over and over again,

  6   hundreds per hyaluronan.  These proteoglycan

  7   subunits are relatively large molecular structures.

  8   They have a couple hundred, on the average,

  9   chondroitin sulfate chains attached to each core

 10   protein, and you have several hundred of these

 11   proteoglycan--which I've abbreviated here as PG--subunits

 12   per aggrecan or proteoglycan molecule.

 13             Now, I think something that's extremely

 14   important for everyone here to realize and remember

 15   is that the life span of aggrecan proteoglycan in

 16   adult human cartilage is 600 to 1,000 days, two to

 17   three years.  Keep that time frame in mind.  I

 18   think it's important for interpretation of the

 19   results of human studies.

 20             In other words, cartilage is a very slow

 21   tissue, and it responds to stimuli in a very slow

 22   and simple manner. 
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  1             This is another artist's picture that

  2   gives you a little bit better idea of how space-filling the

  3   proteoglycans are.  The chondroitin

  4   sulfates have a relatively large amount of sulfate

  5   groups that are charged and attract water, and they

  6   fill up all the space between the collagen girders

  7   that make up the shape and the structural integrity

  8   of cartilage.  Various insults can physically

  9   damage and degrade the structures of cartilage,

 10   specifically the chondroitin sulfate, the collagen,

 11   as well as the hyaluronan backbone of

 12   proteoglycans.  These insults are constant,

 13   ongoing, and inescapable.  Free radicals are

 14   probably one of the primary insults, and any type

 15   of other risk factor eventually leads to generation

 16   of free radicals that do actually physically damage

 17   and break off small pieces of cartilage, including

 18   chondroitin sulfate, hyaluronan, and Type II

 19   collagen.  Some of these pieces are actually being

 20   looked at surrogate endpoints or biomarkers for

 21   cartilage damage.

 22             So what I'm trying to do here is give you, 
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  1   again, a context or a perspective of what

  2   glucosamine and chondroitin are.  I hit the wrong

  3   button again, but here we go.

  4             One thing I didn't mention previously is

  5   that glucosamine is the major precursor for

  6   chondroitin sulfate.  We'll look at that in a

  7   moment.  I'd like to cover some of the human

  8   supplementation studies that have used glucosamine

  9   and chondroitin sulfate and their applicability to

 10   risk reduction of osteoarthritis and joint

 11   degeneration and deterioration.

 12             Again, I want to reiterate the fact that

 13   cartilage turnover, normal maintenance and repair,

 14   is constant and ongoing.  Your cartilage is not an

 15   inert Teflon washer.  Although kind of slow and

 16   best by problems of nutrient diffusion compared to

 17   other perfuse tissues, cartilage does maintain

 18   itself all the time as we go through life.  The

 19   half-life of the major structural components--aggrecan,

 20   proteoglycan, and collagen--is about one

 21   to two years.  Remember the life span was two to

 22   three years.  And as I've already mentioned, normal 
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  1   wear and tear in healthy people--everybody, for

  2   that matter--produces these degraded fragments

  3   constantly.

  4             Another cause is shear stress, and this is

  5   where things like trauma and injuries can enter

  6   into play.  In other words, just the shear stress

  7   of overload of mechanical forces can literally

  8   break off pieces.

  9             Cartilage does respond via the

 10   chondrocytes in the synovial lining to the

 11   molecular pieces of the most exposed macromolecular

 12   constituent.  That's pretty much obvious, and these

 13   constituents being hyaluronan in synovial fluid and

 14   chondroitin sulfate in cartilage itself, since they

 15   are the space-filling macromolecules that anything

 16   that would be at a molecular level would encounter

 17   first in synovial fluid and collagen.  So it kind

 18   of makes sense that these chondrocytes which are

 19   trapped in their matrix respond to pieces of the

 20   structure.  In other words, the analogy, very

 21   simple analogy, would be that if you start to see

 22   bricks falling around outside your house, you know 
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  1   you have a problem with the structural integrity of

  2   your house and you need to start patching up your

  3   brickwork again.  It's a very simplistic analogy,

  4   but there are receptors on chondrocytes and

  5   synovial lining cells and, indeed, cells throughout

  6   the body that recognize both intact and various

  7   sizes and fragments of both hyaluronan and

  8   chondroitin sulfate.

  9             So all these things are happening all the

 10   time, whether somebody is five years old, 50 years

 11   old, 90 years old, whether they walk with a limp or

 12   can run marathons.

 13             Supplementation trials also have these

 14   other factors going on.  Joint tissues can only

 15   maintain themselves and, thus, resist degradation,

 16   resist deterioration, and remain normal by

 17   biosynthesis of more matrix.  This is a brick-and-mortar-

 18   type of idea I'm trying to get across.  if

 19   the bricks and mortar start to fall apart, you have

 20   to add more brick and mortar.  So the only way that

 21   joint tissues can make more matrix is to start off

 22   with glucosamine and convert that into chondroitin 
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  1   and proteoglycans, and that sets the stage for

  2   collagen production on top of that.  There must be

  3   a combination of collagen production and

  4   proteoglycan production to produce cartilage.  It's

  5   a relatively simple tissue structurally.  And

  6   biosynthesis of chondroitin is essential to the

  7   maintenance of cartilage and, thus, to the

  8   prevention of joint deterioration.

  9             I took this quote from a textbook in 1986

 10   called "Articular Cartilage Biochemistry," and I'll

 11   read it for the record.  "The integrity of this

 12   matrix is critical for the unique biochemical

 13   properties of hyaline cartilage and depends on a

 14   maintenance of the quantity and quality of the

 15   matrix components.  Such maintenance must be the

 16   result of a balance between synthetic and

 17   degradative processes within the tissue.  Thus, any

 18   loss of, for example, proteoglycan from the

 19   cartilage matrix due to physiologic or pathologic

 20   processes must be balanced by de novo synthesis of

 21   proteoglycans by the chondrocytes."

 22             So, in other words, if there's anything 
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  1   going on with the cartilage in terms of structural

  2   damage or loss of any components, the only way to

  3   fix that is to actually make more.  And the only

  4   way to make more is to use glucosamine to

  5   manufacture chondroitin, et cetera, et cetera.

  6             Also, a review of the available

  7   literature, which is, of course, quite extensive,

  8   shows that the same biochemical signals, the same

  9   regulatory, cellular, biosynthetic, anabolic,

 10   catabolic, and metabolic mechanisms that operate in

 11   cartilage in normal health are also operating

 12   during the process of diagnosed osteoarthritis.  So

 13   what I'm trying to say here is that I believe that

 14   normal cartilage is acting the same way that

 15   cartilage does in osteoarthritis to a very large

 16   extent.

 17             Maintenance of cartilage consists of the

 18   same processes and events that occur during normal

 19   wear and tear, that also occur during normal aging,

 20   and also in persons diagnosed with osteoarthritis.

 21   In other words, all three of these situations

 22   involve use of glucosamine and chondroitin to make 
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  1   more matrix.

  2             In other words, the chondrocyte doesn't

  3   know if you've been labeled osteoarthritic or

  4   elderly or young and growing.  It just does what it

  5   has to do, and that's make more matrix.

  6             Also, I think one thing that's been

  7   alluded to extensively is surrogate markers or

  8   endpoints of progression of disease.  And I think

  9   it's pretty clear from looking at textbooks over

 10   the last five decades that there is an unbroken

 11   continuum of events in cartilage from health to

 12   degenerative disease.  Notice that the official

 13   definition of osteoarthritis from Stedman's Medical

 14   Dictionary really identified a very late stage,

 15   such as eburnation.  That's the progression that

 16   we're trying to stop, that we're trying not to get

 17   to, is losing cartilage and getting bone on bone.

 18   That is what we are trying to reduce the risk of

 19   getting to.

 20             So, therefore, there's no agreed-upon

 21   threshold or marker that clearly defines the onset

 22   of osteoarthritis.  I think Dr. Krinsky's point 
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  1   about when does diagnosis occur and when are you

  2   considered or diseased is very applicable here.  In

  3   other words, if someone walks into a doctor's

  4   office and gets diagnosed with osteoarthritis that

  5   day, what were they the day before?  They would

  6   have been considered healthy unless they had, of

  7   course, been looked at and determined to be

  8   osteoarthritic.  So that is, I think, the question,

  9   but I think the answer is that there's really not

 10   much difference.  It is a continuum.  If you're

 11   going to say, well, you right there, you're

 12   osteoarthritic, and the next person that you look

 13   at and evaluate whether they're osteoarthritic or

 14   not has similar findings but no symptoms, well, is

 15   that the same thing or not?  They'd be considered

 16   healthy.  So there is a continuum.

 17             There's also considerable overlap of these

 18   biochemical markers as well as the appearance of

 19   cartilage from various diagnostic imaging

 20   techniques between healthy controls and

 21   osteoarthritic subjects.  I think this is well

 22   borne out in the literature.  You look at the 
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  1   reference ranges for some of these biomarkers in

  2   normal persons and persons with diagnosed

  3   osteoarthritis, and by normal people I mean persons

  4   that have no or very little signs of joint

  5   degeneration or damage visually by diagnostic

  6   imaging techniques, and there is considerable

  7   overlap.

  8             In other words, I think that speaks to the

  9   fact that chondrocytes are doing the same thing in

 10   each condition.  All they know how to do is make

 11   more matrix.  They don't care if they're healthy;

 12   they don't care if they're hurting.  So I'm arguing

 13   that the same type and extent of imbalance between

 14   matrix component synthesis and degradation is seen

 15   in both healthy and osteoarthritic subjects.  If

 16   you're going to start segmenting arbitrarily,

 17   you're going to knock out a significant proportion

 18   of the population.

 19             I'm a Ph.D., not a rheumatologist, but

 20   maybe you can help clarify this for the audience

 21   later on today, but osteoarthritis diagnosis is

 22   based on the clinical signs, subjective clinical 
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  1   signs of the individual, pain and stiffness in

  2   joints, as well as X-ray evidence of structural

  3   changes in joints.

  4             The staging is relatively arbitrary and

  5   subjective.  In other words, there's no lab test

  6   you can send off to a laboratory for it and it

  7   comes back and says, yes, you have osteoarthritis.

  8   This has to be determined by physicians and by the

  9   signs and symptoms given to them subjectively by

 10   the patient as well as diagnostic imaging.

 11             Human studies with osteoarthritic subjects

 12   have examined a portion of that continuum of joint

 13   health.  They represent one window on that

 14   continuum.

 15             Pre-diagnostic joint damage, therefore,

 16   must exist in greater incidence than diagnosed

 17   osteoarthritis.  And since diagnosis is roughly

 18   about 20 percent of the population over age 50

 19   right now, it's an enormous number.  There are

 20   obviously many more people than that that perhaps

 21   would be diagnosed with osteoarthritis that are

 22   considered healthy right now--again, blurring the 
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  1   distinction between disease and health.

  2             Just looking at the situation of normal

  3   aging shows that a loss of chondroitin in cartilage

  4   and/or hyaluronan in synovial fluid occurs all the

  5   time.  It happens as we age.  Normal aging

  6   specifically shows decreased length or size of

  7   chondroitin and, thus, the aggrecan proteoglycans

  8   that are synthesized routinely for maintenance and

  9   upkeep.  Obviously, if you live to be 80 years old,

 10   you've gone through 20 to 40 or so cycles of new

 11   cartilage or of turning over cartilage.  And as

 12   those cycles keep going, the macromolecular

 13   components start to get a little bit smaller.

 14   Thus, with less chondroitin around, cartilage holds

 15   a little bit less water and actually reduces in

 16   size.  I think a lot of us realize that we lose

 17   height as we age, and a lot of that is from the

 18   actual diminishing size of intervertebral disks,

 19   whether or not--it is completely unrelated to loss

 20   of bone in the spinal column, but one or two inches

 21   can be lost simply from normal aging, losing the

 22   size of cartilage because of the loss of size of 
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  1   chondroitin.  And that's considered normal.

  2             So osteoarthritis obviously results from

  3   an imbalance of normal anabolic and catabolic

  4   activities in cartilage, and this is alluded to in

  5   textbooks over and over.  Therefore, osteoarthritis

  6   is a deficiency of normal regulation of cartilage

  7   maintenance.  And I think the data from the human

  8   studies and also from the animal and in vitro

  9   studies shows that both glucosamine and chondroitin

 10   sulfate help to regulate towards normal cartilage

 11   maintenance.  Maintenance of the normal balance of

 12   anabolic and catabolic actions leads to a return to

 13   health and obviously reduces the risk of

 14   osteoarthritis.  So a relatively simplistic concept

 15   here because cartilage is a relatively simplistic

 16   tissue.  It only knows how to make more matrix.

 17             Let's take a closer look at some of the

 18   clinical studies on glucosamine itself.

 19             Again, much work has gone into finding

 20   that the availability of glucosamine is a key rate-limiting

 21   step for synthesis of connective tissue

 22   macromolecules.  This is true not only for 
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  1   cartilage but other connective tissues as well.

  2   Normally, glucosamine is manufactured from glucose,

  3   which, of course, is readily available all over our

  4   bodies.  But if you supply the synthetic cells with

  5   glucosamine itself, they like it, a lot better than

  6   having to make it themselves.  In other words, it

  7   bypasses several chemical enzymatic steps, and it

  8   kind of--I play Monopoly--does go directly to go--you bypass

  9   the jail and go directly to go, and

 10   straight into synthesis of GAGs or glycosaminoglycans, the

 11   major one being chondroitin sulfate.

 12             So, in other words, glucosamine is a

 13   preferred substrate for repair, maintenance, and

 14   upkeep of cartilage, and also of hyaluronan and

 15   synovial fluid.

 16             I've put together a list of the types of

 17   published evidence in glucosamine.  There's

 18   consensus statements and review articles I've

 19   lumped as independent expert opinions.  There are

 20   14 meta-analyses that I've identified on

 21   glucosamine, all of them supportive.  Large, well-designed

 22   human clinical trials are at least 80 
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  1   total subjects, and several of those have been

  2   reported more than one time, but the majority of

  3   those do support some benefit for administration of

  4   glucosamine for persons with osteoarthritis.

  5             There are smaller, well-designed human

  6   clinical trials.  Again, the evidence is credible

  7   in that there is much more supportive than non-supportive.

  8   And instead of saying uncontrolled, I

  9   think I should have said unblinded human clinical

 10   trials.  Many of these trials did have control

 11   groups but were open.  And the animal intervention

 12   studies, giving glucosamine and then inducing

 13   arthritis, and in vitro studies, they are all very

 14   supportive, providing credible evidence that

 15   glucosamine has benefits for joint health.  And

 16   this is kind of across the board, anything you can

 17   find.  So 180 original studies, and I was very

 18   light on the animal and in vitro studies since I

 19   obviously, being a trained scientist, also feel

 20   that they have slightly less merit than the human

 21   clinical studies.  So I didn't go crazy with those.

 22   I just listed a few of them.  There's a lot more 
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  1   than that out there.

  2             These are some of what I call--let's just

  3   call them biomarkers that are affected by

  4   glucosamine.  The biosynthesis of hyaluronan,

  5   glycosaminoglycans, collagen.  It's relatively

  6   obvious this is textbook stuff.  Glucosamine is the

  7   major precursor.  Also, not only being a building

  8   block, but glucosamine does have regulatory effects

  9   and has been called a biological response modifier.

 10   It does enhance gene expression of the enzymatic

 11   machinery that produces chondroitin and other

 12   glycosaminoglycans as well as collagen.

 13             Also, glucosamine is added to collagen,

 14   and I think that's where the glycoprotein confusion

 15   might have arisen from glucosamine being called

 16   glycoprotein.  Obviously, glucosamine is not a

 17   glycoprotein.  It's an amino sugar.  But it does

 18   get added to quite a few proteins, and especially

 19   Type II collagen.  Also, glucosamine is converted

 20   into other sugars that are then glycosylating

 21   proteins throughout cartilage.

 22             Also, glucosamine has been shown to 
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  1   inhibit cartilage breakdown.  There have been two

  2   large, three-year human clinical studies, and I'm

  3   sure that my compatriots from Rotta will address

  4   those.  They both showed the prevention of joint

  5   space loss in knee osteoarthritis in humans.

  6             One interesting point that I think has

  7   been overlooked in the second of these studies by

  8   Pavelka from 2002 is that when you do these types

  9   of studies, you pretty much focus on one knee that

 10   has definite signs of osteoarthritis and is causing

 11   all the symptoms.  Well, what about the other knee?

 12   They actually stated that the contralateral or non-

 13   osteoarthritic knees looked better, and actually

 14   people reported that they felt better.  And those

 15   weren't the knees that were diagnosed with

 16   osteoarthritis.  So I propose that that's a

 17   definition of normalcy and that glucosamine in a

 18   long-term study has been documented to benefit a

 19   normal joint.

 20             Also, there have been correlations with

 21   some of the molecular biomarkers associated with

 22   joint damage.  Osteocalcium, which I didn't list on 
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  1   this slide, and the chondroitin sulfate 3B3

  2   epitope, which is one of those fragments of

  3   chondroitin that are produced from damage, have

  4   correlated with the radiological images in humans.

  5   There is one case report of an intervertebral disk

  6   actually regenerating after six months of

  7   glucosamine and chondroitin sulfate, verified by

  8   MRIs.  And one of the earlier studies from Italy by

  9   Drovanti in 1980 actually looked at cartilage

 10   biopsies after the study in a couple of people

 11   given glucosamine sulfate and found that the

 12   surfaces were smooth and almost normal.  But they

 13   also looked at a couple biopsies of cartilage from

 14   normal subjects to compare it to.  They chose a

 15   couple of people from the placebo group that were

 16   happening to have surgery, looked at their

 17   cartilage biopsies, and they showed the typical

 18   surface fibrillation and damage associated with

 19   osteoarthritis.

 20             So, therefore, there are indications in

 21   the literature that giving glucosamine does affect

 22   the structure of cartilage.  It brings it more back 
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  1   to normal.

  2             I think the cases of joint degeneration in

  3   healthy animals that are induced to become

  4   osteoarthritic being prevented by glucosamine is

  5   relevant.  It shows that glucosamine does have the

  6   ability, if it is present before any joint damage,

  7   to actually slow down, delay, and prevent the

  8   progression or incident of osteoarthritis once

  9   osteoarthritis is definitely administered.  And

 10   obviously from in vitro studies, glucosamine can be

 11   added, and, again, that data supports glucosamine

 12   improving cartilage by inhibiting breakdown.

 13             One interesting study by Braham in 2003,

 14   published in the British Journal of Sports

 15   Medicine, looked at people with knee pain.  They

 16   said they specifically did not include people with

 17   osteoarthritis diagnosis.  They just had knee pain

 18   and decreased function.  After 2000 mg per day for

 19   12 weeks, these subjects noted less pain and

 20   improved function.  Most of these people were

 21   younger and had sports injuries.  In fact, I think

 22   that this mirrors the continuum of joint health to 

                                                                93

  1   disease, that some of these people may probably

  2   have become osteoarthritic in the future.  Injuries

  3   to joints are obviously a etiological cause of

  4   osteoarthritis.  So, again, more evidence that

  5   glucosamine can help prevent the progression of

  6   joint damage and deterioration.

  7             Okay.  I need to move along.  I will just

  8   kind of quickly go through some of the other

  9   mechanisms of glucosamine.  There are anti-inflammatory

 10   effects that actually are not so

 11   immediate.  They work via regulation, not direct

 12   inhibition of inflammatory events.  So, in other

 13   words, glucosamine is not an aspirin, it's not an

 14   NSAID.  It doesn't work like that.  It works by

 15   regulating the cells to stop doing all those

 16   things, is the simplest way I can put it.  And in

 17   human studies, giving glucosamine with NSAIDs has

 18   shown a synergy in the effects of the NSAIDs.

 19   Downregulation of inducible nitric oxide in joints,

 20   in cartilage; some antioxidant protective effects,

 21   perhaps by being converted into hyaluronan; and

 22   other immune modulation effects have been 
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  1   demonstrated as well.  Yes, these are animal and in

  2   vitro studies, but they speak to the mechanism of

  3   how glucosamine can accomplish the findings seen in

  4   the human studies.

  5             Now on to chondroitin sulfate.  Again, a

  6   list of the various types of published evidence

  7   shows, again, an overwhelming amount of credible

  8   evidence in favor of chondroitin supporting joint

  9   health.  Eight meta-analyses, all in one form or

 10   another expressed that there were benefits derived

 11   from chondroitin sulfate administration to people

 12   with osteoarthritis or joint damage.

 13             Again, the large, well-designed human

 14   clinical trials, of which there are a pretty good

 15   number here, were unanimous.  Again, similar for

 16   glucosamine, chondroitin shows a high preponderance

 17   of beneficial evidence.

 18             And as I mentioned for glucosamine, I was

 19   very partial in listing animal and in vitro

 20   studies.  This is but a sampling of the many

 21   studies that are available.  Chondroitin has been

 22   around for a long time, has been widely studied for 
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  1   other health conditions as well.  But I'm limiting

  2   these to joint health.

  3             Let me back up one second.  On the

  4   consensus statements, one of those is from the

  5   Arthritis Foundation in which they said that for

  6   both glucosamine and chondroitin, it does reduce

  7   the signs and symptoms of osteoarthritis.  So for

  8   someone as conservative as the Arthritis Foundation

  9   to make that statement in their public writings and

 10   also to allow sponsorship of dietary supplements

 11   containing glucosamine and chondroitin by allowing

 12   placement of their logo on approved products I

 13   think speaks very highly that there is a consensus

 14   of medical experts somewhere that glucosamine and

 15   chondroitin do affect osteoarthritis and in a very

 16   positive manner.

 17             One of the other consensus statement is

 18   from EULAR, the European Union League Against

 19   Rheumatism, where they list glucosamine and also

 20   chondroitin sulfate as part of the primary

 21   treatment of osteoarthritis, as part of a multi-modality

 22   approach.  So, in other words, it is 
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  1   considered standard therapy in certain countries.

  2             Again, chondroitin can be--in other words,

  3   how does it work?  Obviously it is a building

  4   block, and, again, it's also a regulatory building

  5   block.  More chondroitin means more stimulation.

  6   And it actually works on gene expression of the

  7   enzymes involved in chondroitin sulfate and, thus,

  8   cartilage production.

  9             A lot of work has focused on the

 10   inhibition of cartilage breakdown.  One study in

 11   particular from 1986 in France looked at sports

 12   overuse injuries.  It used kneecap cartilage

 13   biopsies, and after 16 weeks of 1500 mg per day of

 14   chondroitin sulfate, they noticed thicker, smoother

 15   cartilage appearance from these kneecap cartilage

 16   biopsies.  So these were in people with sports

 17   overuse injuries.

 18             This type of finding was also mirrored by

 19   glucosamine sulfate in an open-label study from

 20   Germany in the early 1980s in people around 20

 21   years old or so that their chondropathia also

 22   improved after a few months of glucosamine. 
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  1             There were at least four studies showing

  2   the prevention of new lesions in finger

  3   osteoarthritis.  Okay.  There it is.  Two of these

  4   studies were two years in length; one of the

  5   studies was three years in length.  And erosive

  6   finger osteoarthritis has a large genetic

  7   component.  Causes are presumed to be genetically

  8   mediated, which means that it may be impossible to

  9   stop it.  But if the progression--in other words,

 10   the progression to erosion can be prevented, then I

 11   would say that's reducing the risk of

 12   osteoarthritis.  And that's been shown in these

 13   two- and three-year studies by Rovetta and

 14   VerBruggen.

 15             Likewise, there have been at least eight

 16   studies of preventing joint space loss in knee

 17   osteoarthritis from chondroitin sulfate.  These

 18   studies range from one to two years in length, and,

 19   again, with eight studies showing the same thing,

 20   the magnitude of joint space protection was about

 21   0.3 millimeters after a one- to two-year period.

 22   In other words, the magnitude of preservation of 
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  1   joint space was virtually identical to that seen by

  2   the glucosamine studies.  So we are seeing that

  3   glucosamine and chondroitin both prevent the loss

  4   of joint cartilage during mild to moderate

  5   osteoarthritis.  And I think another interesting

  6   point is that most of the investigators stated that

  7   the people with earlier stages and, thus, more

  8   towards normal stages appeared to have better

  9   results.  Again, this speaks directly to reducing

 10   the risk of osteoarthritis and in my mind makes

 11   this more relevant to "normal" or healthy

 12   population that may have joint damage already

 13   ongoing and just being diagnosed.

 14             Again, the biomarkers of cartilage loss

 15   were shown to correlate some of the time--not all

 16   of the time, but some of the time to the diagnostic

 17   imaging pictures.  In other words, less signs of

 18   joint damage and degeneration, such as cartilage

 19   oligomeric protein, keratan sulfate, urine

 20   pyridinoline/creatinine ratios, and the

 21   deoxypyridinoline/creatine ratios.  Those are

 22   markers of collagen damage and destruction.  These 
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  1   were reduced as the joint space loss was halted.

  2   So although I'm not going to sit here and say that

  3   glucosamine and chondroitin will rebuild cartilage,

  4   I think stopping the progression seen over a

  5   several-year period is pretty close to the same

  6   thing.

  7             Likewise, with chondroitin, prevention of

  8   osteoarthritis in animal models being induced to

  9   have arthritis showed that it could prevent the

 10   signs of damage, degeneration, and deterioration.

 11             There are some other interesting human

 12   studies on chondroitin sulfate.  After

 13   administering 800 mg for five or ten days, the

 14   levels and the size of hyaluronan and synovial

 15   fluid were increased in subjects with knee

 16   osteoarthritis.  Also, the elastase inhibitor

 17   complex levels were reduced, which means that

 18   chondroitin had a direct inhibition of degradative

 19   enzymes, as was the collagenase activity and N-acetyl-

 20   glucosaminidase activity levels.  And

 21   there's at least three human studies looking at

 22   joint fluid to show direct inhibition of enzyme 
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  1   activity with typical oral dosages, and that's over

  2   a short term.

  3             Now, if you can extrapolate the effects of

  4   doing that over and over and over and over and over

  5   again for years, I think that can easily explain

  6   the cessation of loss of cartilage.  If you're

  7   stopping the inhibition and improving the

  8   synthesis, what else can happen?

  9             How much more time do I have?  I want to

 10   make sure not to run over.  Okay, thank you.

 11             I also wanted to mention other biomarkers

 12   affected by chondroitin, one of which is mechanostructural

 13   or tensegrity for tension integrity.

 14   Chondroitin being a highly charged molecule and

 15   accounting for a lot of the structural integrity of

 16   cartilage itself, when it is lost, that structural

 17   integrity is lost, more mechanical forces are

 18   transmitted to chondrocytes.  They do have mechano-receptors

 19   as part of what their cytoskeleton is

 20   there for.  So when cartilage is lost, chondrocytes

 21   have another way to determine that.  They don't

 22   need the fragments.  They can just see the overall 

                                                               101

  1   structure or mechanical load, and that also

  2   influences the synthesis of chondroitin.  More

  3   load, more synthesis.

  4             Other immune modulation effects for

  5   chondroitin in human, animal, and in vitro studies,

  6   downregulation of inducible nitric oxide antitoxin

  7   effects, and, again, some nonsteroidal type of

  8   anti-inflammatory effects, but not like

  9   nonsteroidal anti-inflammatory drugs.

 10             Chondroitin and glucosamine are working on

 11   the cells to stop making these signals that

 12   maintain and exacerbate the catabolic cascade

 13   rather than actually knocking out a cytooxygenase

 14   enzyme, for example.

 15             So I'd like to summarize as quickly as I

 16   can.  I did want to mention that the oral

 17   bioavailability of each of these two ingredients

 18   has been well worked out.  The chondroitin

 19   especially has been an issue because it's a

 20   macromolecule and, thus, how can it get in.  Well,

 21   it does get in.  A lot of fragments are absorbed

 22   into the bloodstream.  A lot of them are partially 
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  1   desulfated, and this is expected to account for

  2   some of its actions.  Again, these are similar to

  3   what is seen by the chondrocytes.  Since

  4   chondrocytes get plasma effusions, they see these

  5   fragments.  And both glucosamine and chondroitin,

  6   after oral administration, have been shown to be

  7   incorporated into large macromolecular structures

  8   of cartilage in healthy animals, healthy humans, as

  9   well as osteoarthritic animals and osteoarthritic

 10   humans.  That I think is important to show that the

 11   same processes occur in normal people and

 12   osteoarthritic people.  Giving them glucosamine and

 13   chondroitin does get to the joints, and it does

 14   what chondrocytes and cartilage do, which is make

 15   matrix in both conditions.  So that's why I think

 16   this continuum is just that, a continuum.  And that

 17   is why I feel that normal people would be benefited

 18   from this.

 19             The economic impact, as we have all seen

 20   the billions of dollars of cost and burden.  In

 21   France, they've looked at 11,000 subjects using

 22   chondroitin, and because of their decreased NSAID 
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  1   use and, thus, also feeling better and less other

  2   therapies, they actually came out, if not equal,

  3   ahead in the price game.  So, in other words, for

  4   socialized medicine such as they have in France,

  5   this is a boon.  They get to safely treat people,

  6   prevent long-term problems with the drugs and with

  7   the illness itself.  That argues very strongly to

  8   me that you are reducing the risk, if not of the

  9   disease, then of the economic burden.

 10             Now, there's also a similar study in

 11   Russia, but I haven't translated it yet, so I can't

 12   give any details.  But their abstract reported that

 13   they did have more efficient economy of treatment

 14   of osteoarthritis.

 15             So to kind of wrap this up, both

 16   glucosamine and chondroitin have been shown to

 17   prevent the loss of cartilage over time.  Remember

 18   the turnover time of cartilage, one to three years.

 19   Look at the length of studies that have shown this,

 20   one to three years.  Earlier stages of

 21   osteoarthritis showed larger effects at reducing

 22   the cartilage loss, indicating prevention of 
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  1   progression over versus simply treating symptoms.

  2   And the effects were long-lasting after cessation.

  3   In other words, stop taking glucosamine or

  4   chondroitin, and the symptoms are--the reduction of

  5   symptoms and the improvement in the structure are

  6   maintained for months.  This is not just a quick-time, rapid

  7   action type of nutrient.  These are

  8   actually affecting the structural integrity.

  9             There are the biomarkers that are

 10   affected.  These biomarkers have been correlated

 11   with the signs and symptoms of joint degeneration

 12   and deterioration.

 13             I'm going to skip over the animal and in

 14   vitro models.  They do support the human clinical

 15   findings, but I would like to again reiterate that

 16   data from various types of publications for

 17   glucosamine and for chondroitin are very

 18   reproducible and very consistent for benefits that

 19   do support preventing joint degeneration.  I feel

 20   the result is inescapable.  There's not any other

 21   conclusion.

 22             The time course of the findings in humans, 
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  1   both symptomatic and structural, do fit the

  2   mechanisms of ingredients that work on the

  3   regulation of anabolic and catabolic properties.

  4             We've seen how glucosamine can prevent

  5   progression of joint deterioration in human studies

  6   as well as chondroitin, and that's echoed by animal

  7   studies as well, which can be actually more

  8   controlled to answer the question than human

  9   studies can.

 10             So glucosamine and chondroitin have the

 11   ability to prevent joint deterioration and joint

 12   degeneration by all the lines of evidence that are

 13   out there and, thus, reduce the risk of

 14   osteoarthritis, which has been defined as the

 15   progression of joint deterioration and degeneration

 16   to eburnation.

 17             Thank you very much.

 18             DR. MILLER:  Thank you, Dr. Bucci.

 19             Comments or questions?  Dr. Archer?

 20             DR. ARCHER:  I'm trying to get clear.

 21   You've thrown a lot of information at us.  But are

 22   you saying is joint degeneration a surrogate for 
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  1   osteoarthritis or does it define osteoarthritis?

  2             Dr. BUCCI:  How about both?  I mean, I

  3   hate to make it a bivalent answer, but how can you

  4   have osteoarthritis without joint degeneration or

  5   joint deterioration?  The endpoint is eburnation

  6   and loss of cartilage, and joint degeneration and

  7   deterioration I think is loss of cartilage at one

  8   point or another.  So I guess that's why I'm saying

  9   yes to both.  Also, that's one of the

 10   characteristics of the radiological staging.

 11             DR. MILLER:  Dr. Krinsky?

 12             DR. KRINSKY:  Norman Krinsky.  I would

 13   assume that in the normal joint, if one exists, the

 14   anabolic and catabolic processes are in

 15   equilibrium.  And under those circumstances, if you

 16   treat that with glucosamine or glucosamine and

 17   chondroitin sulfate and you increase the anabolic

 18   processes and decrease the catabolic processes,

 19   does that, therefore, lead to an increase in

 20   cartilage?  And what are the implications of that

 21   in a normal joint?

 22             DR. BUCCI:  Right, that's an excellent 
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  1   question because I am--one of my answers is, Have

  2   you seen people with cartilage just pouring out of

  3   a joint?  No.  Even in acromegaly, which is really

  4   a regulatory problem with growth hormone, you do

  5   see extra cartilage, but not otherwise.  And, in

  6   fact, if you give glucosamine and chondroitin into

  7   normal cultures, unless there's a need for

  8   synthesis, you don't make extra cartilage.  You

  9   might synthesize a few more precursors, but they're

 10   not let outside the cell to make matrix.  That's

 11   why I was trying to stress these are regulatory

 12   molecules.  If you don't need them, they won't

 13   overdo it, so to speak.  If you need them, they fit

 14   right in and help restore matrix.

 15             DR. MILLER:  Dr. McBride?

 16             Dr. McBRIDE:  You've mentioned that

 17   there's evidence that chondroitin sulfate and

 18   glucosamine are absorbed into joints.  Is there

 19   evidence that they're absorbed into healthy joints,

 20   not inflamed joints?

 21             DR. BUCCI:  Yes.  In fact, most of the

 22   evidence is in healthy animals and healthy humans 
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  1   as well.

  2             DR. McBRIDE:  These are marker studies or--

  3             DR. BUCCI:  Yes, these are radiolabeled

  4   glucosamine, radiolabeled chondroitin.  Labels on

  5   the sulfate for chondroitin and also the hydrogens

  6   on the sugar ring for both glucosamine and

  7   chondroitin; also tech-(?)  99 labeling of

  8   chondroitin as well.

  9             DR. McBRIDE:  Are there any comparison

 10   studies of absorption into inflamed joints or those

 11   that might truly have osteoarthritis and those that

 12   would be precursors, probably less inflamed?

 13             DR. BUCCI:  I know that there have been

 14   studies in osteoarthritic animals and even, I

 15   think, one or two in people that have looked at

 16   uptake into joints.  I'm afraid I can't recall if

 17   there's any direct comparison.

 18             DR. McBRIDE:  But those would be

 19   osteoarthritic joints.

 20             DR. BUCCI:  Yes, so we do know that they

 21   can get into osteoarthritic joints and become 
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  1   incorporated into macromolecules, also the same for

  2   healthy tissues.

  3             Now, the rates of incorporation, I don't

  4   know if that has been quantified.  If it I has, I

  5   just have not picked that up in the literature.

  6   There is obviously a lot here to remember.  But I

  7   know that that has been looked at in animal

  8   studies, and the normal maintenance that is

  9   constantly ongoing is enough to label cartilage

 10   with glucosamine and chondroitin in a normal

 11   setting, if that helps answer your question..

 12             DR. MILLER:  Dr. Russell?

 13             DR. RUSSELL:  Yes, I was interested in the

 14   two studies that may have something to do with

 15   primary prevention of osteoarthritis.  One was the

 16   finger osteoarthritis.  You said that treatment

 17   prevented new finger osteoarthritis.  Does that

 18   mean joints that were previously uninvolved that

 19   remain uninvolved?  And presumably in the untreated

 20   group that there were some new finger lesions?  And

 21   were those statistically significant differences

 22   or--I don't know the detail of the study. 
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  1             DR. BUCCI:  Okay.  To clarify that, some

  2   of the studies did show a prevention of new

  3   lesions; in other words, no arthritic lesions in a

  4   finger joint, there was less appearance of new

  5   lesions in the chondroitin-treated group versus the

  6   placebo group.  Some studies did not find it and

  7   others did.  But pretty much all the studies did

  8   find that the prevention to the severe erosive

  9   stage from moderate-mild damage was prevented.  I

 10   think that was near universal in each of those

 11   studies.  And the effects were obviously larger and

 12   significant as time went on.  Some studies did not

 13   see it at one year, but at two or three years they

 14   did see it.

 15             DR. RUSSELL:  And I wonder if you could

 16   clarify just a little bit on the knee study that

 17   you mentioned, that the non-osteoarthritic knees in

 18   this 2002 study were improved.  Again, was this--not

 19   improved, but were not involved.  Was this

 20   statistically significant from the non-treated

 21   group?

 22             DR. BUCCI:  I don't think that they looked 
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  1   at this in a statistical manner because it wasn't

  2   one of the enterprises of measurement.  I think it

  3   was an observation in the discussions.  I think

  4   that my colleagues can speak to that, too.

  5             DR. MILLER:  Dr. Abramson?

  6             DR. ABRAMSON:  That was a very clear

  7   presentation, and I always need to have those fern-like

  8   molecules pointed out to me again.  But I want

  9   to just discuss whether one can sometimes overly

 10   simplify very complicated tissue and talk about the

 11   chondrocyte as making and creating proteoglycans

 12   and collagen, because I think apropos the fact that

 13   this may be a different disease once established

 14   versus early on, these kinds of metabolic changes

 15   may be difficult to extrapolate over.

 16             So, for example, if early OA, we know, is

 17   a proliferative hypertrophic disease where

 18   proteoglycan actually is increased in its

 19   production and not decreased, then it's not clear

 20   that in early disease, at least just playing the

 21   hypothetical here, that a decrease in proteoglycan

 22   synthesis should necessarily be corrected by the 
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  1   addition of exogenous substrates like glucosamine.

  2   And then the changes occur, you know, through

  3   hypertrophy and the catabolic changes, and then you

  4   get this very complicated disease which is not just

  5   in and out of proteoglycan and collagen, but

  6   there's bone and there's synovial cells and there's

  7   interleukin-1.  And at that point, the in vitro

  8   evidence I think is very intriguing that

  9   glucosamine and chondroitin, as you showed, can

 10   reverse some of these catabolic events.  And that

 11   case is consistent with whatever kind of clinical

 12   evidence we may have that this is a beneficial

 13   treatment.

 14             But I think going back on the table today

 15   of health claims, it's not clear that those

 16   effects, were they true in vivo, in patients, are

 17   necessarily applicable to these early changes.  And

 18   I just--so that's a long statement.  Do you want to

 19   comment on the actual complexity of this biology?

 20             DR. BUCCI:  Yes, I'd love to, and I'll try

 21   to keep it brief, obviously.  But, no, that's a

 22   consideration I've thought about quite a bit, 
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  1   obviously.  Of course, there is a difference

  2   between osteoarthritis and just normal non-damaged

  3   tissue, and it does get more complex.  But, again,

  4   the reason I made my whole presentation simplistic

  5   on purpose is because, no matter how complex it

  6   became, no matter what biomarkers you were looking

  7   at, no matter what pathways you were looking at, no

  8   matter what disease state, no matter what the state

  9   of cartilage was, whether it's in the increased

 10   production of proteoglycans in the early stages or

 11   the decreased production in later stages, they all

 12   go back to the same point, which is making more

 13   matrix.  Sooner or later, everything points to

 14   that.  It's almost a unified field area or unified

 15   matrix area, if I can coin a term, that regardless

 16   of which stage--normal, early, middle late

 17   osteoarthritis, damage with no signs and symptoms--sooner or

 18   later it's a problem with making the

 19   matrix.  And glucosamine is intimately involved not

 20   only in making the matrix but in regulating it.

 21   And for whatever reason, the catabolic signals

 22   overwhelm the limited ability to increase the 
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  1   anabolism.  I think that the ability of

  2   chondrocytes to generate more matrix, they can only

  3   increase proteoglycan production from normal upkeep

  4   about 250 percent.  I think that's from human and

  5   animal studies in general.

  6             So, in other words, cartilage has a very

  7   slow, limited response to any of these complex

  8   stimuli.  But that's the response to all of these.

  9             DR. ABRAMSON:  So I would just--I

 10   understand.  I would just point out that there are

 11   two mechanisms of glucosamine and chondroitin that

 12   you're talking about.  One is it's acting as a

 13   substrate to a building block for more

 14   proteoglycan.  The other is a pharmacological

 15   action, which is somehow through receptors it

 16   inhibits the activation of chondrocytes in response

 17   to IL-1, and that probably is via a different

 18   mechanism, or one could possibly--that's two

 19   separate mechanisms:  one is the available

 20   substrate, and the other is what it's doing to

 21   signaling that we really don't understand, except

 22   it does seem to do that, and what happens in 
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  1   clearly established disease, and separating the

  2   relative importance of that I think is an

  3   interesting question that I think needs more

  4   understanding.

  5             DR. BUCCI:  I agree.  But, conceptually, I

  6   would say that these are physiological roles and

  7   events, and these regulatory roles are trying to

  8   get tissue back to normal.  That's obviously what

  9   our bodies try to do in every tissue.  This is the

 10   way chondrocytes do it.  They use glucosamine and

 11   chondroitin to try to return to normal, keep

 12   normalcy.  If there is anything abnormal, then they

 13   are there to try to restore normality.  And that

 14   really is what I think reducing risk and prevention

 15   of a disease is all about.  How can you prevent

 16   disease if it's not there?  Well, by these

 17   mechanisms you just described.

 18             DR. MILLER:  Dr. Felson?

 19             DR. FELSON:  I guess, once again, sort of

 20   a lovely, comprehensive discussion of many, many

 21   issues.  Unfortunately, perhaps oversimplifying

 22   some difficult ones, which probably if there were a 
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  1   variety of other osteoarthritis scientists in the

  2   room would take a week to discuss and not resolve.

  3             One of them is I think you sort of

  4   presented the clinical data in a couple of ways

  5   that I think the rest of the audience sort of needs

  6   to comprehend a little bit, which is that my

  7   reading of the clinical data are not that

  8   convincing.  And the reason for that is that there

  9   have been--all of the studies that you commented

 10   on, many of them--all of them, I think, the

 11   positive ones, are industry-supported.  There have

 12   been three publicly supported trials of

 13   glucosamine, and all have been null, one of which

 14   is a very nice Canadian multi-center withdrawal

 15   trial.  And that's one of the reasons why the NIH

 16   is now spending millions of our tax dollars on a

 17   trial to try to definitely determine whether

 18   glucosamine and chondroitin are efficacious.  I

 19   think the jury is still out as far as treatment

 20   goes.  I'm not sure how to interpret all the data

 21   that you described, and I don't disagree with you

 22   that the preponderance of it is supportive. 
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  1             The other issue that you were--you used a

  2   phrase that I guess I would take issue with as a

  3   scientist thinking about these is cartilage loss.

  4   I mean, the clinical studies are not of cartilage

  5   loss.  They're of joint space loss on the

  6   radiograph.  And in all of the clinical trials that

  7   have been done, they're of joint space loss using a

  8   technique for radiography that most of us in the

  9   community find unacceptable as a measure of joint

 10   space loss and as a measure of cartilage loss.

 11   They're fully extended, weight-bearing films that

 12   we don't use in trials any longer because we have

 13   not been able to find them to be reproducible

 14   measures that one can follow over time to evaluate

 15   joint space loss.

 16             Now, that begs the question of whether

 17   joint space loss over time consists of cartilage

 18   loss or, in the knee, meniscal loss, which it could

 19   and which MRI data are increasingly suggesting it

 20   likely does.  So, you know, I think this is a very

 21   complicated set of issues, and I'm not sure in

 22   terms of treatment, much less prevention, what the 
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  1   preponderance of evidence suggests.

  2             DR. BUCCI:  Well, I would like to comment

  3   on the North American studies on glucosamine.  The

  4   letters and follow-up studies by those

  5   investigators admitted that they had walked into a

  6   veritable hornet's nest of placebo effects.  They

  7   found that the public awareness and, thus, the

  8   subject's awareness was exceptionally high for the

  9   efficacy of glucosamine.  And if they felt anything

 10   at all, they considered it due to glucosamine.  In

 11   other words, they questioned the responders versus

 12   non-responders and whether they were in--it didn't

 13   matter which group they were in.  The vast majority

 14   felt they were taking glucosamine.

 15             Also, because of those expectations, if

 16   somebody didn't have a rapid enough effect for

 17   them, they had a no-sebo (?) effect.  In other

 18   words, they figured, Ah, this isn't working, I

 19   should be free and clear of pain in two weeks.  And

 20   when that didn't happen--as you see the time course

 21   is relatively long--that generated, as I said, a

 22   no-sebo effect.  So they've racked up their lack of 
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  1   statistical significance to the very large placebo

  2   response, in addition to--and that course makes the

  3   variability of the measurements quite wide and very

  4   difficult to find statistical significance.

  5             If you look at the before and after

  6   values, they, of course, showed the same relative

  7   amounts of symptom reductions as other studies.

  8   And as to the--I also have read all the literature

  9   on the joint space narrowing versus cartilage loss,

 10   and regardless of how it wants to be labeled or

 11   named, these were double-blind studies, there was a

 12   control group, there was a difference.  Something

 13   is happening.  That can't be denied.

 14             DR. FELSON:  Just as a comment, you know,

 15   in the glucosamine randomized trials, the control

 16   group difference was generated in part by--what you

 17   were asked about earlier--an increased size of the

 18   active treatment group, which makes little sense in

 19   osteoarthritic patients followed longitudinally

 20   with better characteristics--with better methods of

 21   imaging radiographs.  So with the fluoro or with

 22   fixed flexion views or with MRI in people with 
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  1   established disease, there's not usually a pseudo-widening

  2   that occurs in large numbers.  And that

  3   was what generated a lot of the positive effect

  4   that there was pseudo-widening and not narrowing.

  5             DR. BUCCI:  But that would also help

  6   reduce the risk of osteoarthritis, would it not?

  7             DR. FELSON:  If you believe the fact that

  8   pseudo-widening represents cartilage, it would.

  9   But the fact is that longitudinal studies of OA

 10   don't show in established disease that thickening

 11   occurs over time.

 12             DR. MILLER:  Dr. Mehendale?

 13             DR. MEHENDALE:  I have an issue with your

 14   statement earlier and assurance that cartilage

 15   maintenance, the processes involved in cartilage

 16   maintenance are very similar after the disease has

 17   occurred.  I think some of the processes might be

 18   the same except that they have been enhanced now in

 19   disease.  Some new processes may open up in disease

 20   in maintaining the cartilage.  Certainly we have

 21   examples of such in other tissues.  My own

 22   experience is in other tissues where injury has 
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  1   occurred, and in restoring the structure and

  2   function of these tissues, new processes open up.

  3   And, therefore, equating the biochemical and repair

  4   processes that normally occur with those processes

  5   that occur in disease might be problematic.

  6             I wonder if you have any comments on that.

  7             DR. BUCCI:  That's pretty much what I was

  8   trying to show here today, is that--are you

  9   speaking to me, sir, or--

 10             DR. MEHENDALE:  Yes.

 11             DR. BUCCI:  Okay, sorry.  That's kind of

 12   what I was trying to get across here, is that the

 13   chondrocytes do the same thing to normally maintain

 14   their structure as well as to fight the insults and

 15   damage that lead to osteoarthritis and that lead to

 16   progression of osteoarthritis to eventual cartilage

 17   loss, and that imbalance is lost when there is

 18   osteoarthritis--or that balance is lost when

 19   there's osteoarthritis.

 20             There may be differences in degree, yes,

 21   but that would be expected between a normal and a

 22   seriously compromised setting.  But, nevertheless, 
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  1   the basic mechanism is the same.  Cartilage must be

  2   synthesized, and hyaluronan and synovial fluid

  3   also.

  4             DR. MEHENDALE:  Well, I feel that it is

  5   not the same.  I think the new processes open up

  6   once the disease occurs in contrast to the normal

  7   processes before the disease occurs.  And that's

  8   the point I was trying to make.  And it has

  9   implications, one that was already discussed, and

 10   that is possible enlargement or increase in size of

 11   the tissue when you supplement with precursors in

 12   large doses in a normal situation.

 13             So equating those and saying with a broad

 14   stroke of the brush that the processes are the same

 15   in normal as well as in disease processes creates

 16   problems in my thinking.  And I think for an

 17   individual who takes these supplements also could

 18   be problematic because the process may not be the

 19   same in normal versus disease conditions, and

 20   that's the point I was trying to make and attract

 21   your comments, Dr. Bucci, on this line.

 22             DR. BUCCI:  I think my answer would be 
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  1   let's start off with normal cartilage.  If you feed

  2   it glucosamine and chondroitin, not much

  3   difference--nothing will be really different.

  4   They'll stay normal.  They won't be overgrown.  The

  5   synthesis won't necessarily be stimulated.

  6   However, if any of these events happen that are

  7   associated with osteoarthritis, then the

  8   glucosamine and chondroitin that are there start to

  9   do their actions that have been shown in

 10   osteoarthritis studies.  So, in other words, if

 11   it's working in osteoarthritis, it will work

 12   whenever those same events are occurring even

 13   before a diagnosis has been made.

 14             DR. MILLER:  Dr. Lane?

 15             DR. LANE:  I want to take that one step

 16   further, and I may need Dr. Abramson's help here.

 17   But it's my understanding that prior to the joint

 18   becoming painful, there are biochemical changes

 19   that occur in cartilage metabolism, and one of the

 20   big ones is actually the proteoglycan that's made

 21   is actually much smaller, monomers.  They're not

 22   normal.  And those could appear to look like they 
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  1   increase the joint space, but they're not going to

  2   work as well.  And they don't work as well.

  3             So one of the questions I have to you is:

  4   Do you have data that shows that when the

  5   glucosamine and chondroitin is put into the joint

  6   and OA chondrocytes that the proteoglycans are the

  7   normal ones?  Isn't that more what you were trying

  8   to get, Dr. Mehendale?

  9             DR. BUCCI:  I think some animal studies

 10   speak to that.  I don't know if they've actually

 11   sized the proteoglycan aggrecan molecular weights

 12   or the chain links of chondroitin sulfate itself.

 13   But the fact that if you have chondroitin or

 14   glucosamine available when these differences in

 15   proteoglycan synthesis are occurring, you do

 16   prevent the progression of osteoarthritis.  That

 17   has to account for, I think, an ameliorative

 18   effect.

 19             DR. LANE:  Well, I don't know.  Our

 20   measurements, as Dr. Felson said, are not sensitive

 21   enough at this time that we could even--I don't

 22   know if we can say that.  But are the proteoglycans 
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  1   generated normal or ones seen in disease?

  2             DR. BUCCI:  Okay.  I can't answer that

  3   right here and now, so you have to figure that out

  4   for yourself.  But I think that the animal studies

  5   show that a lack of lesions indicates that they are

  6   more towards normal than not.  Otherwise, you would

  7   be seeing some of the earlier stages of

  8   osteoarthritis and you would not see the protection

  9   that's been shown in the studies.

 10             DR. LANE:  Okay.  One other point.  You

 11   mentioned inhibition of cartilage breakdown under

 12   chondroitin and then decrease in biomarkers of

 13   cartilage loss.  You happened to mention one that

 14   comes out of the bone, the deoxypyridinoline/creatine ratio.

 15   I think you mean creatinine

 16   but that's okay.  That tends to be a bone-collagen

 17   cross-link that mostly comes from bone.  Are you

 18   making a statement that there's a hard tissue

 19   effect of chondroitin also?

 20             DR. BUCCI:  Correct.  That is a good

 21   marker of bone turnover.  There is obviously

 22   subchondral sclerosis associated with 
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  1   osteoarthritis.  There have been some X-ray

  2   findings of reduced sclerosis in some of their

  3   earlier glucosamine studies, so that would

  4   synchronize with the findings of the decreased

  5   deoxypyridinoline--I can never say that--creatinine

  6   ratio.  So, yes, obviously there is some sort of

  7   bone involvement.

  8             Also, bone is calcified cartilage, is one

  9   simplistic viewpoint, and any remodeling of bone

 10   must, again, start with synthesis of the matrix,

 11   the organic matrix, which, again, is most

 12   chondroitin sulfate and Type I and III collagen.

 13   So I didn't want to get into the roles of

 14   glucosamine and chondroitin in bone because it's

 15   less extensively studied, but, again, it is the

 16   precursor for the beginning stages of bone turnover

 17   maintenance.  So that would definitely be expected

 18   in osteoarthritis.

 19             DR. MILLER:  Dr. Harris?

 20             DR. HARRIS:  Yes, Dr. Bucci, I gathered

 21   from your presentation that in order to realize the

 22   full effects, the full benefits, both chondroitin 
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  1   sulfate and glucosamine are required.  Yet the

  2   evidence that you're citing is showing studies that

  3   are using these compounds individually.  And my

  4   question to you is:  Are you aware of any studies

  5   that may have tested them individually and compared

  6   chondroitin sulfate with glucosamine administered

  7   simultaneously, possibly seeing synergistic

  8   effects?  Could you comment on that?

  9             DR. BUCCI:  Yes.  Well, we're saying that

 10   glucosamine alone can reduce the risk of

 11   osteoarthritis and chondroitin alone can reduce the

 12   risk of osteoarthritis, and, therefore, glucosamine

 13   and chondroitin.  So we don't necessarily say you

 14   have to combine them, although that is what has

 15   turned out to be the most popular dietary

 16   supplement for consumers.

 17             There are no human studies at this time of

 18   the head-to-head comparison of glucosamine versus

 19   chondroitin.  I take that--

 20             DR. HARRIS:  Are we led then to believe

 21   that we have an over--

 22             DR. BUCCI:  I take that back, sorry.  
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  1   There was one where they injected Arteparon, which

  2   is a polysulfate of chondroitin, versus

  3   glucosamine, and actually the results had some

  4   minor differences, but both were successful

  5   compared to a placebo.

  6             Now, Arteparon is a different entity than

  7   chondroitin, and I have not used that data in my

  8   presentation simply because it is hypersulfate and,

  9   thus, has some anticoagulant properties that

 10   chondroitin does not have.  So we have some

 11   indication that they are roughly equivalent in

 12   humans.

 13             I think there was another early study

 14   comparing injectable glucosamine, iodine and

 15   glucosamine sulfate, versus oral chondroitin

 16   sulfate, and I think the investigators said that

 17   chondroitin sulfate actually had better clinical

 18   effects.  But that was not a blind study, so I

 19   really hesitate to use that as an example.

 20             There have been animal and in vitro

 21   studies done by Lippiello and associates answering

 22   this time of question, and they have found a larger 
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  1   effect on whatever they were looking at in terms of

  2   reducing the incidence of osteoarthritis induced in

  3   animals or in proteoglycan synthesis in cartilage

  4   cultures with the combination over that of each

  5   individual.  Each individual was significantly

  6   different or had more benefit, but combined, there

  7   was, again, an additional benefit.  So, so far,

  8   it's just in the animal and in vitro stages for a

  9   synergistic action.

 10             DR. MILLER:  Dr. Espinoza?

 11             DR. ESPINOZA:  My question was already

 12   answered.  Thank you.

 13             DR. MILLER:  Dr. Nelson?

 14             [No response.]

 15             DR. MILLER:  Dr. Abramson?

 16             DR. ABRAMSON:  Whether the health claim of

 17   prevention or--I mean, that's going to be a

 18   clinical evidence judgment at the end of the day,

 19   in my mind.  But just how the science informs our

 20   thinking about that, I just want to get a

 21   clarification because I don't agree that a

 22   chondrocyte in normal is the same as a chondrocyte 
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  1   in disease, which seems to be, I think, where you

  2   were going with this.  I think a normal chondrocyte

  3   and an early OA chondrocyte are different, and an

  4   early OA chondrocyte is different from an

  5   established OA chondrocyte.  We each do different

  6   things, so in our lab we study gene expression, and

  7   I can tell you there's 300 different genes in the

  8   hypertrophic chondrocyte from normal and there's

  9   300 additional genes when they're diseased.  And

 10   understanding OA is understanding those

 11   differences.  And that's not even counting the gene

 12   products that are coming from surrounding cells.

 13             So whatever effects physiologically or

 14   pharmacologically glucosamine may have, I think you

 15   have to look at each stage from normal to

 16   hypertrophic to established disease independently.

 17   That doesn't address the question whether it's

 18   preventative or not.  It's just, I think, for the

 19   purpose of this session, the science has to be

 20   thought about in those kinds of ways, I think.

 21             DR. BUCCI:  I agree.  You're right.  I'm

 22   not saying that the chondrocytes in normal and 

                                                               131

  1   osteoarthritic cartilage are the same.  They're

  2   obviously different.  That's evident.

  3             What I'm trying to say is that the

  4   response of the chondrocyte to insults is

  5   production of matrix, and that's a similarity

  6   between normal and disease.  It is, bottom line,

  7   the same end result, trying to repair the matrix.

  8   That's the similarity I'm trying to get across, so

  9   I hope that clarifies it.

 10             DR. MILLER:  Dr. Cush?

 11             DR. CUSH:  I want to ask you about the

 12   surrogate that we're talking about here, that being

 13   cartilage degeneration.  I think most of us in

 14   rheumatology would actually consider cartilage

 15   degeneration the definition of osteoarthritis at

 16   its earliest and also at its latest stages and that

 17   there is a continuum there.

 18             So I'm not sure it's an adequate surrogate

 19   for the healthy population and, therefore, the

 20   administration of health claims products.

 21   Moreover, I don't know that you've connected the

 22   dots here, meaning that giving glucosamine and 
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  1   chondroitin sulfate leads to improvement in a

  2   surrogate measure which is reasonable and widely

  3   available and then that prevents disease.  I mean,

  4   I think you've shown lots of disparate data, trying

  5   to combine human and animals, and we have to make

  6   leaps of faith.  But, again, I don't know that

  7   there's a good connect-the-dots or succession in

  8   well-done studies to allow for that "if this, then

  9   that" sort of statement.

 10             So, A, I'd like you to comment on the use

 11   of the surrogate here of cartilage degeneration

 12   and, B, do you think there is enough evidence that

 13   you can make the claim that taking the oral

 14   supplement will then lead to improved disease?

 15   Again, I'm not sure that that's been proven.

 16             DR. BUCCI:  I think what you're referring

 17   to as not proven is that we don't have the kind of

 18   epidemiological observational data as, say, calcium

 19   prevents and also treats osteoporosis.  There are

 20   many similarities and parallels there, and the

 21   epidemiological evidence of feeding glucosamine to

 22   humans, a human population, and then looking for 
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  1   onset or incidence of diagnosed osteoarthritis is

  2   not there.  That is the reason we're all here

  3   trying to figure out if these so-called treatment

  4   studies do affect the process.  And if I may borrow

  5   the analogy of calcium to osteoporosis, it does

  6   slow and prevent bone loss once it's already

  7   occurring, as well as preventing it when it is

  8   already normal and not in a state of loss.  So you

  9   don't have that missing piece to the puzzle in the

 10   chondroitin in terms of populations.

 11             Obviously, those are extremely long-term

 12   studies that, even if started tomorrow, would take

 13   probably longer than any of us would benefit from

 14   the results to conclude.  So, therefore, that's

 15   what I'm trying to show you is that we have this

 16   piece of the evidence.  And if you as a committee

 17   feel that that's enough that it should reduce the

 18   risk or it reduces the risk to joint degeneration,

 19   then that's what we're here to decide.

 20             I think the evidence I've shown is very

 21   credible.  It's very reproducible and very

 22   consistent.  It fits with the known roles of 
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  1   glucosamine, the known roles of chondroitin, and

  2   the known roles of cartilage during aging and

  3   health.  So I think the chondrocytes know what

  4   they're doing ultimately.

  5             DR. MILLER:  Dr. Lund?

  6             DR. LUND:  In Slide 25, you cite the

  7   evidence for the effect of glucosamine and, in

  8   Slide 31, the evidence for the effect of

  9   chondroitin sulfate.  I wondered, in looking at

 10   those studies, as you have already addressed in the

 11   Canadian study, are there some mitigating factors

 12   or are there factors in any of those studies that

 13   would link together to suggest why there are some

 14   studies that suggest that there is not a supportive

 15   role for either of those compounds?

 16             DR. BUCCI:  Yes, other than the placebo

 17   effects and the wide variability of measurements

 18   that I've already alluded to, there are some other

 19   reasons.  Some of these studies that I listed as

 20   non-supportive were of relatively short duration or

 21   used an ineffective or a low dose.  In fact, for

 22   chondroitin sulfate, they have done studies at 
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  1   different doses showing that doses above 400--starting at

  2   800, actually, are significantly

  3   different from placebo and doses below aren't for

  4   long-term effects.

  5             I think some of the other non-supportive

  6   studies--if I can remember which ones they are.

  7   Usually it was the short duration and the wide--almost

  8   always a wide variability in the

  9   measurements.  And it was that variability that

 10   precluded statistical significance.  Although if

 11   you look at the before and after values, they were

 12   of the same--the mean was of the same magnitude as

 13   in the studies that did show significance.  So it

 14   was really statistical power issues with many of

 15   those studies.

 16             As I was pointing out, most of the large

 17   human clinical studies, it was overwhelmingly in

 18   favor of supportive evidence, finding a significant

 19   benefit.  For chondroitin there were no non-supportive

 20   studies.

 21             DR. MILLER:  Thank you all very much.

 22   Thank you, Dr. Bucci. 
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  1             DR. BUCCI:  Thank you.

  2             DR. MILLER:  I think it's time we took a

  3   break.  Please be back in 15 minutes.  That's 10

  4   minutes of 11:00.

  5             [Recess.]

  6             DR. MILLER:  Can we continue?  The next

  7   speaker is Dr. Lucio Rovati and Dr. Roy Altman from

  8   Rotta Pharmaceuticals.

  9             DR. ROVATI:  Thank you, Dr. Miller,

 10   members of the Advisory Committee, members of the

 11   FDA.  My name is Lucio Rovati, and I'm Executive

 12   Medical Director of Rotta Research Laboratorium,

 13   which is the headquarters and research center of

 14   the Rotta Pharm Group that includes among the

 15   subsidiaries Rotta Pharmaceuticals in the United

 16   States.  And I will give some brief introductory

 17   remarks.  I will then talk about the clinical

 18   evidence supporting the health claim and the

 19   petition that we made.  And then I will give the

 20   microphone to Professor Roy Altman from UCLA, and

 21   he will be supporting me with some animal and

 22   mechanism-of-action data.  And I will be closing 
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  1   then with some closing remarks.

  2             This is the title of our petition, and

  3   thank you very much for giving to us the

  4   opportunity of presenting to you today some of the

  5   data that, in our opinion, support this petition.

  6   This is the actual accepted title, "Crystalline

  7   Glucosamine Sulfate Reduces the Risk of

  8   Osteoarthritis."  The original title was

  9   "...Reduces the Risk of Osteoarthritis, Joint

 10   Structure Deterioration, and Related Joint Pain,

 11   and Limitation of Function."  But after the remarks

 12   the FDA made, we agreed to truncate the claim

 13   because, actually, we believe that there are enough

 14   data to support the claim for reduction of the risk

 15   of osteoarthritis.  And we will concentrate only on

 16   crystalline glucosamine sulfate, which is in the

 17   USP called glucosamine sulfate sodium chloride,

 18   because this is the compound we've been studying

 19   and this is the compound on which has been produced

 20   the largest amount at least of clinical data.

 21             Just to give you a brief background,

 22   glucosamine sulfate, as we intend it in nature, is 
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  1   highly agroscopic and cannot be used in any

  2   pharmaceutical preparation.  You have to stabilize

  3   glucosamine sulfate, and we did it with crystalline

  4   glucosamine sulfate, which is the stabilized form

  5   of the glucosamine sulfate salt that contains as a

  6   stabilizer sodium chloride and, again, is in

  7   conformity with what is described in the USP 2004.

  8             When we talk about glucosamine, we are

  9   talking about different substances.  This is

 10   glucosamine as a certain chemical formula, as a

 11   certain molecular weight, and when we are talking

 12   about glucosamine hydrochloride, we're talking

 13   about a particular or peculiar salt of glucosamine,

 14   the same for glucosamine sulfate.  I will refer to

 15   crystalline glucosamine sulfate, which, again, is a

 16   different substance than the others in that it's a

 17   stabilized form of the glucosamine sulfate salt,

 18   which is a different salt than the hydrochloride.

 19   Whether all of these are equal or not, we do not

 20   know, but the only evidence, at least the clinical

 21   evidence available is with this substance.

 22             Let me enter in my real presentation, 
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  1   which is the clinical trial evidence supporting the

  2   claim that we made for crystalline glucosamine

  3   sulfate.

  4             Well, there are at least three good--excellent, I

  5   would say, high-quality systematic

  6   reviews and meta-analysis of randomized controlled

  7   clinical trials with glucosamine sulfate supporting

  8   at least its effect on the symptoms of

  9   osteoarthritis in patients diagnosed as such.  The

 10   first one was published by Dr. David Felson's group

 11   in the JAMA in the year 2000 prior to the most

 12   recent advances in this field.  The second one is

 13   the Cochrane Review published early in 2001 that,

 14   again, could not take into account all the new

 15   studies.  And only the last one, published last

 16   summer by Richy in the Archives of Internal

 17   Medicine, could take into account all of the

 18   studies that have been published so far.

 19             All meta-analysis, as I was mentioning,

 20   documented the efficacy and safety at least on the

 21   symptoms of osteoarthritis.  Our crystalline

 22   glucosamine sulfate was used in 86 percent of the 

                                                               140

  1   trials.  There are very few trials that could be

  2   examined with other glucosamine preparations that,

  3   according to the author, gave less favorable

  4   results.  And, again, only the third one could

  5   consider two new long-term trials of crystalline

  6   glucosamine sulfate on which I will focus your

  7   attention today.

  8             This is just to remind you, the first

  9   trial was published in the Lancet, early 2001, by

 10   the group of Jean-Yves Reginster, and the second

 11   one in the Archives of Internal Medicine late in

 12   2002 by the group of Karel Pavelka in the Czech

 13   Republic.  So both are European clinical trials.

 14             There were two prospective randomized,

 15   placebo-controlled, double-blind, parallel group

 16   trials of three-year duration.  Patients were

 17   actually diagnosed with knee osteoarthritis,

 18   according to the American College of Rheumatology

 19   criteria, and they were studies of reasonable size.

 20   The sample size was calculated and actually turned

 21   out to be a good sample size.  There were around

 22   200 patients in each of the two studies. 
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  1             Treatment with the standard formulation,

  2   once a day, glucosamine sulfate, when I say the

  3   dose I always refer to glucosamine sulfate, 1.5

  4   grams once daily continuously, which means every

  5   day for three years, or the corresponding placebo.

  6   And very quickly the results--I will show them very

  7   quickly, but the rheumatologists here know that

  8   this was the first clinically tested agent that was

  9   able possibly to prevent the progression of

 10   osteoarthritis joint structure deterioration as

 11   determined by radiographic joint space narrowing.

 12   We may come back during the discussion on the issue

 13   raised previously by Dr. David Felson.  Clearly,

 14   this was the standardized methodology adopted and

 15   the only one available at the time of the trial.

 16   It's clearly not the methodology that we will use

 17   today, but we've also published validation data

 18   that this methodology was not biased by any

 19   confounder with respect to the results.  And the

 20   compound was also able during the three years to

 21   reduce the functional impairment or prevent the

 22   progression of function impairment and pain by the 

                                                               142

  1   validated indices that we today use in

  2   osteoarthritis research.

  3             Joint deterioration, in our opinion, is an

  4   actual indicator, predictor of osteoarthritis, and

  5   this is fundamental for  (?)  diagnosis, and it is

  6   invariably present in all patients with definite

  7   OA.  Cartilage deterioration is the most widely

  8   accepted surrogate endpoint of joint degeneration,

  9   perhaps not the best, but it's the best that we

 10   have today.  It can be indirectly assessed by plane

 11   radiography measuring changes in joint space width.

 12   Again, joint space width, radiographic joint space

 13   width, may not be the best in absolute terms, but

 14   it's the best that we have available today, and

 15   indeed, the measurement of joint space width is

 16   accepted by all scientific and regulatory

 17   guidelines, including the draft by the FDA and the

 18   final version of the European agency, to assess the

 19   progression of osteoarthritis.  It is valid.  It's

 20   an accurate measure of cartilage thickness for

 21   credible studies.  It's reliable.  It has good

 22   precision of repeated measurements, and it is 
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  1   sensitive.  And several epidemiological studies

  2   have shown that the natural history of knee

  3   osteoarthritis, for example, is a loss of around

  4   0.1 millimeters per year in the different stages of

  5   the disease.

  6             Of course, I will not go through all the

  7   slides that we have prepared, but we have provided

  8   you with a copy of everything, so also the ones

  9   that I will skip.

 10             This is just to remind you the results of

 11   the Reginster study published in the Lancet.

 12   According to what we saw on the mean or minimum

 13   joint space width, it was actually around 0.1

 14   millimeter per year loss of joint space that did

 15   not occur, was prevented with glucosamine sulfate,

 16   and the results are significant.  And the same is

 17   true for the Pavelka studies.  We had X-rays at

 18   every year, and at every year there was a

 19   progressive joint space narrowing in the placebo

 20   group, more or less of the same size as in the

 21   Reginster study; no progression with glucosamine

 22   sulfate; and, again, the difference was 

                                                               144

  1   statistically significant.

  2             The results, as you've seen, are very

  3   consistent. This is the meta-analysis published by

  4   Richy last year, and you see that the results of

  5   the two studies are very consistent and, of course,

  6   show a difference versus placebo.

  7             Just to show you that we were not probably

  8   affecting only cartilage or what we can measure

  9   with joint space width that I believe is cartilage,

 10   although it's possible that it may be confounded by

 11   something else, we were also measuring some of the

 12   other joint deterioration aspects that we can

 13   measure radiologically.  For example, in the paper

 14   of Pavelka, we described how the glucosamine

 15   sulfate was able to prevent the increase in the

 16   proportion of patients worsening the osteophyte's

 17   core at the endpoint.  You see that there were 20

 18   percent with placebo versus 6 percent in the active

 19   group.  So we were preventing also the bone

 20   reaction, the subchondral bone reaction.  At least

 21   this is what it seems from this data.

 22             Concomitantly to that, we had a decrease 
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  1   in symptoms that was significantly better with

  2   glucosamine.  This is the pain sub-scale of the

  3   WOMAC and the Reginster study.  This is the

  4   function sub-scale in the Reginster study, again,

  5   of the WOMAC, and the same results for Pavelka.

  6   Total WOMAC, this is glucosamine, this is placebo;

  7   WOMAC pain, again, a reduction, always significant;

  8   WOMAC function, and WOMAC stiffness.

  9             Now, I think that these studies are well

 10   described in the literature, are known from our

 11   petition, and everybody perhaps is familiar with

 12   this.  The real crucial point is why do these

 13   therapeutic trials of knee osteoarthritis with

 14   crystalline glucosamine sulfate may support the

 15   claim for disease prevention.  And we've listed

 16   here some of the points that I will touch on in the

 17   rest of my discussion and in the discussion of

 18   Professor Altman, and including the mild to

 19   moderate characteristics of the patient population,

 20   the data obtained on the contralateral knee in

 21   these patients, the structure-modifying effects in

 22   patients with milder characteristics at entry.  The 
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  1   disease outcomes in longer-term follow-up--these

  2   are new data--are not included in the petition

  3   because they were presented, not yet published in

  4   full but presented after the petition was

  5   submitted.  And then Professor Altman will expand a

  6   bit on the facts of the compounding prophylactic

  7   animal models and the mechanism of action

  8   supporting the short- and long-term effects on

  9   symptoms and prevention of joint structure changes.

 10             Mild to moderate characteristics of the

 11   patient population, I want to remind you again from

 12   this slide that it's taken, it's derived from the

 13   two publications of Reginster and Pavelka, and I

 14   want to draw your attention on this.  Most of the

 15   patients, over 50 percent in the Pavelka trial and

 16   over 70 percent in the Reginster trial, had Grade 2

 17   osteoarthritis according to Kellgren and Lawrence.

 18   And as the experts know, Kellgren and Lawrence

 19   Grade 2 is usually recognized as mild

 20   osteoarthritis.  Even the joint space narrowing in

 21   Grade 2 osteoarthritis is affected to a lesser

 22   extent than in more serious or severe grades.  So 
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  1   most of these patients had actually mild

  2   osteoarthritis, perhaps some of them also with

  3   still a rather intact joint space that was our

  4   primary endpoint for the structure modification.

  5             Actually, if you look at the joint space

  6   width at the minimum distance in the joint, you see

  7   that both in the Reginster and Pavelka studies, in

  8   the two groups the average was around four

  9   millimeters.  It's clearly not severe

 10   osteoarthritis, but it's very mild.  And if you go

 11   then on the mean joint space width in the study of

 12   Reginster, you see that it's over five millimeters.

 13   So it's not far from what is normally found in a

 14   normal population.  And, also, the symptoms of the

 15   disease were rather mild to moderate.

 16             So the first conclusion is that patients

 17   in the two long-term trials had mild to moderate

 18   symptoms at enrollment, and especially they

 19   predominantly had mild joint structure changes.

 20   And the effects observed in this population may,

 21   therefore, be transferred--with some caution, of

 22   course, but may be transferred to the general 
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  1   population at risk for osteoarthritis.

  2             The second topic I want to focus on is the

  3   data on the contralateral knee, and these are also

  4   published data from the Lancet paper and from the

  5   Archives paper.  You see, this is the mean joint

  6   space width in the Reginster cohort in the

  7   contralateral knee of the patients, and you see

  8   that this joint space width is pretty large.  I

  9   think it's very difficult to differentiate this

 10   joint space in the contralateral knee from that of

 11   normal patients, of a normal, healthy individual.

 12   But, actually, you see that we were able--well, the

 13   joint space narrowing was present also with placebo

 14   also in the contralateral knee and did not occur or

 15   occurred to a lesser extent in the glucosamine

 16   sulfate group, and the difference in this

 17   particular study is statistically significant.

 18             The same trend was evident in the Pavelka

 19   study.  You see, this is the minimum joint space

 20   width, almost five millimeters.  It's really hard,

 21   in my opinion, to discriminate this from normal

 22   joint space width, and we see the same trend as 
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  1   before, a loss under placebo, a lower degree of

  2   loss or no significant loss with glucosamine.  The

  3   difference here is not statistically significant,

  4   but the trend is the same as in the Reginster study

  5   in the contralateral knee.

  6             So, again, a small conclusion on that.

  7   The contralateral knees of patients in the two

  8   long-term studies had baseline joint space width

  9   values that are hard, in our opinion, to

 10   differentiate from those of the general population.

 11   Nevertheless, the trend for the prevention of joint

 12   space narrowing was similar to that observed in the

 13   signal joint that was the real primary endpoint of

 14   the study.

 15             Structure-modifying effects--and, to some

 16   extent, symptoms, but I will not show that--in

 17   patients with mild characteristics at study entry,

 18   we published a couple of papers on that.  This was

 19   a sub-analysis we published early last year on

 20   osteoarthritis and cartilage.  It's a quartile

 21   analysis of baseline mean joint space width.  And

 22   when we took the patients in the quartile with the 
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  1   highest or better preserved joint space at

  2   enrollment, these were actually the patients that

  3   were suffering a joint space narrowing under

  4   placebo and in which the effect of the compound was

  5   evident in preventing the joint space narrowing.

  6             Conversely, in the more severe patients,

  7   those in the lowest quartile, there was no apparent

  8   progression, at least in this particular condition

  9   of the study, and, of course, you do not see much

 10   with the compound because they did not progress

 11   very much.

 12             So, again, a short conclusion.  The

 13   structure-modifying effect of crystalline

 14   glucosamine sulfate was particularly evident in

 15   those patients with better preserved joint space at

 16   baseline, whose joint structure is closer to that

 17   of the general population.  Conversely, the

 18   symptom-modifying effect that I did not show, but

 19   it's published in the Scandinavian Journal of

 20   Rheumatology, is present irrespective of baseline

 21   joint structure conditions, which, in my opinion,

 22   confirm both the previous data on treatment of 
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  1   established osteoarthritis and underlines the

  2   potential for prevention.

  3             These are the outcomes in longer-term

  4   follow-up.  This is, in my opinion, very important.

  5   These are new data, have not been published in full

  6   yet.  There is an abstract that has been published

  7   and presented last year at the American College of

  8   Rheumatology, and in which we've gone to see what

  9   happened to the cohort of these patients years

 10   after they stopped the trial with respect to the

 11   hard clinical outcomes of the disease.  When we

 12   talk about a complex issue like osteoarthritis,

 13   which sometimes is difficult to diagnose, it's

 14   difficult to relate the joint structure changes

 15   with the symptom changes, we may have difficulties

 16   in saying exactly who is osteoarthritic and who is

 17   not.  So perhaps in order to be on the safe side,

 18   we should go to see the clinical endpoint, like

 19   myocardial infarction, for example, in another

 20   completely different disease.  So we went to look

 21   at what happened to these patients with respect,

 22   for example, to disability and especially joint 
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  1   surgery in the long run.

  2             So in the trial of Jean-Yves Reginster, we

  3   wanted to perform a follow-up evaluation in

  4   patients that were previously in the trial to

  5   evaluate the occurrence of osteoarthritis-related

  6   joint surgery during the follow-up after the trial

  7   and after they stopped the medication, and also we

  8   assessed several secondary endpoints.

  9             We could retrieve 83 percent of the

 10   original sample, which is good, because this was

 11   five years after the end of the study.  So,

 12   overall, there is on average an eight-year

 13   observation period--three years of the trial on

 14   average, and five years of follow-up after drug

 15   discontinuation.

 16             Patients after the trial had received

 17   standard of care.  Glucosamine sulfate is not

 18   available in Belgium as a drug, and, therefore,

 19   these patients were relatively clean from this

 20   point of view.  And these are the results.

 21   Actually, there were more patients undergoing knee

 22   or hip surgery in the former placebo group compared 
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  1   to the glucosamine sulfate former group.  And there

  2   was a reduction or a trend for a reduction of risk

  3   of 48 percent, which is not statistically

  4   significant but it is at the very limit of

  5   statistical significance, and to me it's very

  6   important given the sample size.

  7             When we go to look for a number of knee or

  8   hip surgeries considering multiple events, the

  9   difference is similar and is really very close, if

 10   not statistically significant, and the same for the

 11   number of knee surgeries only.

 12             It's important that you note that actually

 13   we included the hard outcomes of the disease, total

 14   knee or hip replacement, but also we included some

 15   patients who underwent other surgeries, such as

 16   joint debridement and meniscectomy--meniscectomy,

 17   of course, for degenerative meniscal disease.  So

 18   it's clear that when we go to see the number of

 19   knee or hip replacement, we have exactly the same

 20   trend.  It's a 44-percent decrease in risk, but

 21   this becomes less closer to significance.  But I

 22   have some new data on that that I will show you. 
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  1             This is important because in the two

  2   studies we've shown that we were able to prevent

  3   the number--to reduce the proportion of patients

  4   that had severe joint space narrowing.  You see

  5   that there were 30 percent under placebo in the

  6   first study versus 15 percent with glucosamine

  7   sulfate, and in the second study a similar trend,

  8   14 percent versus 5 percent, with a reasonably

  9   small number needed to treat to avoid such a

 10   worsening.

 11             Well, we went to see what happened to

 12   these patients during the follow-up, and, actually,

 13   these patients with severe joint space narrowing

 14   had a higher chance of undergoing knee surgery

 15   during the follow-up.  There was a three-fold

 16   increase in risk.  So we've shown that by

 17   preventing this severe joint space narrowing, we

 18   may be preventing later on the consequences of the

 19   real clinical outcome of the disease, as we've

 20   actually indicated in our analysis.

 21             So it's important what we did during the

 22   trial, but if we go to look to the overall eight-year 
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  1   period, we can see that actually placebo over

  2   the eight years has lost a considerable amount of

  3   joint space compared to glucosamine sulfate, the

  4   formal glucosamine sulfate group, and the

  5   difference was statistically significant.

  6             In summary, three-year treatment with

  7   crystalline glucosamine sulfate prevented

  8   osteoarthritis-related lower limb surgery, which is

  9   a clinically relevant disease outcome, during an

 10   average for the follow-up of five years.  And this

 11   may be due to the structure-modifying activity

 12   achieved during the treatment and an overall delay

 13   in joint structure changes, which to me speaks very

 14   much in favor of prevention.  I didn't show the

 15   data, but, in addition, the patients previously on

 16   glucosamine sulfate had a long-lasting symptomatic

 17   effect, better quality of life, and a lower

 18   utilization of health resources during the last

 19   year of the follow-up.

 20             I would like to introduce now the talk of

 21   Professor Altman about the effects in prophylactic

 22   animal models of the disease that may support a 
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  1   preventive role for the substance and on the

  2   mechanism of action.  Again, I would like to make

  3   clear that these alone are not to me essential to

  4   support any claim, but they are important in that

  5   they support the clinical data that we have shown.

  6             DR. ALTMAN:  A little over ten years ago,

  7   Dr. Lequesne indicated that in structure-modifying

  8   trials, in order to develop at the time we called

  9   it chondro-protective agent, that you should really

 10   have at least two different animal models to

 11   support at least the idea.  And so I'm going to

 12   give you that.

 13             First, I'd like to just show you the

 14   structure of glucosamine.  It hasn't been shown so

 15   far.  This is glucosamine sulfate, obviously, and

 16   the sodium salt.  It does hydrolyze in the stomach,

 17   but a fair amount of it is absorbed as a sulfate,

 18   and the sulfate is absorbed separately.  I'm going

 19   to actually address that.

 20             This is just a list of some of the trials

 21   that have been performed on animal models.  I'm

 22   going to only emphasize the last two, and the first 
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  1   of those Jean-Pierre Pelletier's study from

  2   Montreal.

  3             This is a canine model of osteoarthritis.

  4   What you do is you transect the anterior cruciate

  5   ligament.  It destabilizes the hind limb of the

  6   dog, and over a period of weeks, they develop

  7   osteoarthritis that becomes fairly stable at about

  8   14 weeks, but up until 14 weeks has progressive

  9   changes.  In this particular study, they examined

 10   the tissues at eight weeks.  They used three

 11   different doses of glucosamine and, of course, a

 12   control group.

 13             Just to give you an idea, I'm sure you'll

 14   hear more about this later from Dr. Witter, but in

 15   this particular model you can see the ulcer on the

 16   condyle of the animal to show you how they develop

 17   over a period of eight weeks.

 18             Now, I want to point out that both of

 19   these studies are prophylactic studies.  In the

 20   past, I've done many therapeutic studies where you

 21   allow the arthritis to develop over a period of

 22   weeks and then you start to treat.  In both of 
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  1   these studies that I'm talking about, the treatment

  2   was started immediately after surgery.  So we're

  3   getting at the onset of the illness.

  4             The second slide from Dr. Pelletier's

  5   group shows the osteophytes that occur along the

  6   joint margin that are similar to human

  7   osteoarthritis.  Now, the canine model is actually

  8   a very good model for human disease.  Of course,

  9   there's nothing that really is completely the same

 10   as human disease.  The rabbit model that I did is a

 11   little bit less specific.

 12             This shows you the femoral condyles of the

 13   osteoarthritic and the treated animals, showing you

 14   the ulcers up above that were not as great as,

 15   certainly lesser size in both the condyles and the

 16   tibial plateaus of these dogs.

 17             And the histology.  The question was asked

 18   earlier:  How do you know whether the proteoglycans

 19   are of proper size?  That can be done, and we used

 20   to do that.  We now just look at safranin-O

 21   staining.  Safranin-O stains the proteoglycan

 22   molecule, the aggregate proteoglycan molecule, and 
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  1   you see there's a loss of safranin-O staining in

  2   the osteoarthritic model.  There's a fast green

  3   counter-stain to point up the rest of the tissue.

  4   The other things that are looked for is surface

  5   disruption.  You can see significant surface

  6   disruption here, a lesser degree here.  Cellularity

  7   is actually decreased in part of the tissue here,

  8   the cellularities here.  This doesn't show the tide

  9   mark, and I'll show that in the rabbit model.

 10             In any case, Dr. Pelletier also looked at--Drs.

 11   Pelletier, I guess I should say, also looked

 12   at the amount of stromelysin that was present, and

 13   the amount of metalloproteinase that was present in

 14   both, in the membrane was actually decreased where

 15   the amount of amount of metalloproteinase in the

 16   cartilage was not significantly changed, actually.

 17   And this is consistent with some of the others

 18   that's been presented.

 19             Because of time constraints, I'm going to

 20   quickly go into the study that I performed, and

 21   this is a lapine model, a rabbit model, where we

 22   had four different groups--two different dosing 
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  1   groups, and, of course, a placebo osteoarthritic

  2   group and a placebo normal group.

  3             We have done other studies with

  4   glucosamine looking at it in normal cartilage, and

  5   it does not seem to change the structure of normal

  6   cartilage, at least in the animal model.

  7             Now, the difference in the gross anatomy

  8   here is that we used what's called a Meecham stain,

  9   which is just india ink that's applied to the

 10   surface of the cartilage and then wiped off so that

 11   you can get a decent picture.  And you can see the

 12   normal doesn't retain any india ink; the

 13   osteoarthritic contains considerable india ink,

 14   showing a lot of the surface disruption.  And you

 15   can see in both the low-dose and the high-dose

 16   glucosamine-treated animals that they had very

 17   little in the way of retention of the india ink.

 18             Histologically, it supports the same thing

 19   here.  The safranin-O is much more intense in

 20   stain.  You can see the tide marks intact here.

 21   The tide mark is disrupted here.  It's more normal

 22   in both the low- and high-treated group that retain 
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  1   the safranin-O, retain the surface, and so on this

  2   model the glucosamine was actually preventive of

  3   disease.

  4             Now, I did want to go over just a couple

  5   of things on mechanisms of action.  For instance,

  6   there's a considerable amount of data showing that

  7   there are anabolic effects in the cartilage for

  8   proteoglycans and some of the minor sugars, such as

  9   perlecan, in cartilage.

 10             Secondly, there is an anti-catabolic

 11   studies showing there's a decreased amount of

 12   actual functional stromelysin in the tissue as well

 13   as that the glucosamine decreases the aggrecanase,

 14   and this is by John Sandy, one of the most critical

 15   people that I've encountered in my editorial work.

 16             One of the things here--this is a culture

 17   medium; this is where you take interleukin-1 and

 18   put it into cultured chondrocytes.  Osteoarthritis

 19   is very much an interleukin-1--could be arguably an

 20   interleukin-1-driven disease.  Even though TNF is

 21   there, it's much more dependent on interleukin-1.

 22   And in this particular study, you can see that the 
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  1   amount of proteoglycan is retained with increasing

  2   doses of glucosamine and the amount of proteoglycan

  3   that seeps out into the culture medium decreases

  4   with increasing doses.

  5             Now we're going to get into the concept of

  6   inflammation.  The term is "osteoarthritis," and

  7   Dr. Abramson and Dr. Pelletier have published a

  8   very nice editorial in Arthritis and Rheumatism

  9   pointing out that osteoarthritis is really an

 10   inflammatory disease.  And this is some of the

 11   evidence for it, that interleukin-1 does induce

 12   prostaglandins and nitric oxide release from

 13   chondrocytes.  Prostaglandins are, of course, the

 14   inflammatory mediators.  Nitric oxide may have

 15   something to do with the ability of the chondrocyte

 16   to survive.  It may stimulate programmed cell

 17   death.

 18             In both of these, you see a reduction with

 19   the glucosamine and a dose/response relationship,

 20   and these are doses, by the way, that are

 21   achievable with the oral 1500 milligrams.

 22             Going a little but upstream from the 
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  1   prostaglandins to the enzyme that actually produces

  2   the prostaglandins, IL-1-induced COX-2, cyclooxygenase 2, as

  3   well as inducible nitric oxide

  4   synthetase, are reduced--are increased with

  5   osteoarthritis and their expression is actually

  6   decreased with the amount of--with administration

  7   of glucosamine.

  8             Did I skip one there?  No.

  9             Now we're moving further upstream, and

 10   here we see that interleukin-1 reduces NF-kappa B

 11   activation.  And this is important because now

 12   we're starting to get into the idea that we're

 13   moving upstream in the cell and where the

 14   glucosamine may be actually having its function.

 15   And in this particular study, you can see that the

 16   amount of interleukin-1-stimulated cartilage

 17   degradation is reduced with the glucosamine.  And

 18   that can be demonstrated very nicely with some

 19   staining that you can see here with the basal cell

 20   amount of NF-kappa B, the stimulation with IL-1

 21   beta, and the suppression that you can get with the

 22   glucosamine, no effect with glucosamine alone, and 
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  1   partial suppression with the IL-1 beta plus the

  2   glucosamine.

  3             That was from one study.  This is from a

  4   different study indicating that COX-2 messenger is

  5   actually reduced in chondrocytes that are

  6   stimulated with interleukin-1 beta, again pointing

  7   out reduction in the inflammatory mediators.

  8             So what we've come to is a hypothesis that

  9   the interleukin-1 phenomenon that goes through a

 10   second messenger to stimulate the chromosome to

 11   produce the prostaglandins is blocked by

 12   nonsteroidal anti-inflammatory drugs, but this part

 13   doesn't seem to be.  Whereas, if we go to

 14   glucosamine and paralyze the NF-kappa B, at least

 15   the 50 molecular weight product at this level, then

 16   we interfere with the production of the

 17   prostaglandins as well as the MMPs, et cetera.

 18             There's just one last thing I wanted to

 19   point out, and that is the question as to whether

 20   the glucosamine hydrochloride or the glucosamine

 21   sulfate makes a difference.  There's really not a

 22   lot of information on this sulfate, but there's two 
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  1   studies that have come out fairly recently that

  2   have indicated that the amount of serum sulfate is

  3   actually increased when you use glucosamine

  4   sulfate.  And here's one of those studies, the

  5   first of them, and this is the second of them,

  6   indicating that--this is from Marcel Nimni's group

  7   showing that when you increase the amount of oral

  8   intake of glucosamine, you actually increase serum

  9   sulfate.  And serum sulfate in this case is being a

 10   driver for the production of proteoglycans.

 11             Thank you very much.

 12             DR. ROVATI:  I'm afraid I have to

 13   apologize because, besides suffering my awful

 14   Italian accent, you have also to face my bad

 15   memory, and I forgot to show you a very important

 16   slide, which is actually this one, because as I

 17   told you, we performed the follow-up evaluation in

 18   the Reginster study, but I forgot to tell you that

 19   we just recently performed the same in the Pavelka

 20   study.  And this is clearly unpublished

 21   information.  The data came out around four weeks

 22   ago, and we just submitted an abstract this year to 

                                                               166

  1   American College of Rheumatology.

  2             This time we took 136 patients who had--we

  3   could retrieve 136 patients who had been in the

  4   trial for at least 12 months, which were 80 percent

  5   of the original cohort with these characteristics,

  6   so pretty high.  Median duration of follow-up also

  7   in this case with standard of care after starting

  8   medication withdrawal was for five years.  And I

  9   told you that in the Reginster study we could not

 10   see a significant difference in the number of

 11   patients with total knee replacement, which is the

 12   natural endpoint of this follow-up.  But we were

 13   able to see it in the Pavelka study.  You see that

 14   patients in the former placebo group had a 16-percent

 15   incidence of knee replacement--well, there

 16   were 16 percent patients undergoing knee

 17   replacement versus 4 percent, which is a decreasing

 18   risk of 73 percent, which is statistically

 19   significant.

 20             I apologize for that, and I will go

 21   immediately to the last information that I would

 22   like to provide you today. 
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  1             There are several glucosamine formulations

  2   out there.  We believe that there are not enough

  3   data to support any claim, either this claim or any

  4   other claim, with these other formulations of other

  5   glucosamine salts simply because we do not have the

  6   evidence or simply because the evidence is just

  7   with the sulfate.

  8             Also, while we have evidence, some

  9   evidence that chondroitin sulfate may work in

 10   osteoarthritis, as was noted in the previous

 11   discussion there was actually no hint of any

 12   activity of the glucosamine and chondroitin

 13   combination, either as an additive or synergistic

 14   or perhaps detrimental effect, as it may be.  And

 15   this is because, I believe, it may not--this

 16   formulation may not share the same pharmacological

 17   clinical quality or PK properties of the substance

 18   that has been used so far.

 19             Pharmacology is not a problem because you

 20   can always give to the animals as much glucosamine

 21   as you want in any salt or formulation.  But the

 22   problem may be clinical and actually the only 

                                                               168

  1   evidence is with sulfate, crystalline sulfate, as I

  2   told you, quality, and PK is also, in my opinion,

  3   important.

  4             With respect to treatment, I want to make

  5   clear that in the Lancet study, we were saying that

  6   the results cannot be generalized to other

  7   glucosamine products or mixtures with our compound.

  8   And I want to underline that this was a statement

  9   that was specifically requested by the reviewers

 10   because they were scared that we were generalizing

 11   it to thousands of dietary supplements in this

 12   respect.  And the same statement is present in the

 13   Archives of Internal Medicine.

 14             Quality consideration, why quality is

 15   important.  Well, this formulation is regulated

 16   actually as a prescription drug in Europe and in

 17   several other countries, and so it's subject to

 18   strict quality controls.  You may know that there

 19   are studies, one recently in the Journal of

 20   Rheumatology by Russell, that showed that out of 14

 21   nutritional supplement formulations of glucosamine

 22   sulfate available in North America, only two 
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  1   contain over 80 percent of the labeled glucosamine

  2   content, and for 12 formulations the stated amount

  3   ranged between 41 and 66 percent only.  And these

  4   data just follow another observation, a similar

  5   observation from the University of Maryland

  6   published three or four years ago.

  7             PK is also important because,

  8   unfortunately, the knowledge about the glucosamine

  9   PK has been limited by the poor sensitivity and

 10   specificity of the available cold chemical methods.

 11   And this, unfortunately, favored a lot of confusion

 12   in this respect, because if you cannot prove

 13   exactly the PK pattern or the PK profile of the

 14   compound, it's easy to make any claim for anything.

 15             Luckily, very recently we were able to

 16   develop a liquid chromatography mass spectrometry

 17   detection that was validated for the determination

 18   finally of glucosamine in plasma--it was tough to

 19   develop--and allowed to study the oral

 20   bioavailability and disproportionality of the

 21   original formulation in man.  And, again, these are

 22   very recent data submitted this year to the 
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  1   American College of Rheumatology meeting.  And I'll

  2   just show you the data, but you can actually follow

  3   very well the time course profile of glucosamine in

  4   plasma, and you can see a dose/response increase

  5   750 or 1.5 grams once daily.  It's not linear when

  6   you go over 1.5 grams, so also this is important to

  7   take into account with respect to the dose.  You

  8   can calculate the half-life of elimination and

  9   support the once-daily administration that was used

 10   in the clinical trial.

 11             Very importantly, the level that we find

 12   with a 1500-milligram dose is in the range of those

 13   that are effective in vitro in the chondrocyte

 14   cultures that Professor Altman has shown to you.

 15             About significant scientific agreement, of

 16   course, we have to rely mainly on the available

 17   practice guidelines.  This has been mentioned

 18   before.  The very recent EULAR practice guidelines

 19   on knee osteoarthritis, this is clearly for

 20   treatment.  It's not for prevention.  But it's

 21   about the role of glucosamine sulfate in

 22   osteoarthritis.  Glucosamine sulfate was scored the 
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  1   highest level of evidence, 1A, and the highest

  2   trend of the recommendation, A.  Out of 34

  3   pharmacological and non-pharmacological modalities,

  4   this was attributed only to six of them.

  5             In addition, glucosamine sulfate was

  6   attributed highest median quality score for trials

  7   performed, 24 out of a maximum 28, and among the

  8   highest effect size versus placebo.

  9             What about the American College of

 10   Rheumatology practice guidelines?  We have the two

 11   sides of the Atlantic, of course, and both are

 12   exactly the same as important.  The problem with

 13   the American College of Rheumatology guidelines is

 14   that the last version was published in September

 15   2000, prior to the publication of the two long-term

 16   studies, prior to the Cochrane Review, prior to the

 17   last review.  And this expert committee, four

 18   experts, in which Professor Altman was included,

 19   was unable to reach a conclusion or recommendation

 20   on glucosamine.  But already one year after, one of

 21   the members of the committee, Marc Hochberg, was

 22   publishing a significant paper entitled "What a 
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  1   Difference a Year Makes," a reflection on his

  2   recommendation, saying that the documented efficacy

  3   of the substance requires us to reassess the use of

  4   glucosamine as a first-line agent, at least for

  5   patients with knee OA who have mild to moderate

  6   disease, which, again, goes in the direction of

  7   treatment and possibly of prevention.

  8             Safety, all systematic reviews and meta-analyses

  9   support the safety of glucosamine sulfate

 10   in humans, and as you can easily check, the adverse

 11   event profile is really very safe, 6 percent to 15

 12   percent incidence of patients with adverse events,

 13   dropouts in less than 4 percent, no significant

 14   difference with placebo in any trial, but

 15   significant advantage, of course, over conventional

 16   nonsteroidal anti-inflammatory drugs when you

 17   compare the drug or the compound for the treatment

 18   of symptoms of osteoarthritis.

 19             In the two long-term trials, as you may

 20   know, the safety of the substance was similar to

 21   that of placebo.  And I want to underline that

 22   being regulated as a prescription drug in over 40 
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  1   countries of the world, we have to issue regular,

  2   periodic safety update reports according to ICH

  3   guidelines, and information that I gathered from

  4   here over the last five or six years estimated that

  5   out of over 30 million patients per month, there

  6   were only 200 spontaneous adverse reaction reports,

  7   with no safety signals at all.

  8             So I would like to conclude saying that I

  9   believe we have tried to show you evidence on how

 10   the treatment data in high-quality, long-term

 11   clinical trials with glucosamine sulfate may

 12   support the claim for prevention that we've gone

 13   through.  There are several clinical indications.

 14   We recognize that there is no study of prevention,

 15   and perhaps this will be difficult to obtain with

 16   anything in the near future.  But there are several

 17   hints from the data published that suggest that the

 18   substance may prevent osteoarthritis, as I showed,

 19   and also the animal and mechanism-of-action models,

 20   although not enough alone, support very well the

 21   clinical data.

 22             I thank you very much for your attention. 
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  1             DR. MILLER:  Thank you, Dr. Rovati.

  2             Comments of questions?

  3             DR. CUSH:  You showed data from both

  4   trials on the need for replacement surgery of the

  5   hip or knee, although those trials were originally

  6   designed to study indexed knees.  Were the same

  7   statistics arrived at when you only looked at the

  8   indexed knee?  And did you have any--were any of

  9   those replacements involving contralateral knees or

 10   hips?

 11             DR. ROVATI:  Yes.  In the Reginster study,

 12   actually, there was not much difference between the

 13   signal joint or the contralateral joint.  In the

 14   Pavelka study, I must say that we did not perform

 15   the analysis yet because these are very new data.

 16             DR. MILLER:  Dr. Downer?

 17             DR. DOWNER:  You mentioned that there were

 18   209 spontaneous adverse reactions.  Could you

 19   clarify and tell us a little bit more what they

 20   were?

 21             DR. ROVATI:  They were mainly mild GI

 22   complaints about the patients, which are more or 
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  1   less the same that we see in clinical trials,

  2   although at a very low level and similar to

  3   placebo.  My report is that these patients are used

  4   to be careful to GI systems when they take anti-rheumatic

  5   medication or prevention of supplement or

  6   whatever, and sometimes they report that.

  7             Certainly there was no other signal for

  8   any specific safety issue.  For example, there was

  9   nothing with respect to diabetes, and you know that

 10   there are now several studies in humans showing

 11   that the pharmacological data on insulin

 12   sensitivity obtained in animals may not be

 13   replicated in humans.  And, actually, in the

 14   Pavelka trial, for example, there were four

 15   patients developing diabetes during the study--one

 16   was on glucosamine but three were on placebo.

 17             DR. DOWNER:  I have a follow-up question

 18   to that.  There were some significant improvements

 19   in the data you presented, and I'm wondering if

 20   there were any confounding variables, such as, did

 21   you see an improvement in weight, for example?

 22   Could that have impacted on some of the information 
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  1   you have presented?

  2             DR. ROVATI:  No, there was no other

  3   modification in any general health status, nothing

  4   on weight, nothing on other diseases, nothing on

  5   heart rate, blood pressure--nothing at all.

  6             DR. DOWNER:  Are you saying nothing

  7   because you did look at these parameters?

  8             DR. ROVATI:  We did look exactly at this.

  9             DR. DOWNER:  Okay.

 10             DR. ROVATI:  Weight, blood pressure, and

 11   heart rate.  And, of course, we looked at any

 12   worsening of co-existing diseases that in this

 13   healthy population may be present.

 14             DR. MILLER:  Dr. Abramson?

 15             DR. ABRAMSON:  I was just curious with the

 16   elevations of the sulfate that Dr. Altman showed in

 17   the plasma.  When you look at your database--I'm

 18   sorry, on uric acid levels.  I'm just wondering if

 19   there are any effects as an organic  (?)  and

 20   whether in the populations you've treated you've

 21   seen any effect through uric acid?

 22             DR. ROVATI:  I must say that we did not 
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  1   look at that, so I don't know.  I think there is

  2   nothing, but we did not look specifically at that.

  3             DR. MILLER:  Dr. Lane?

  4             DR. LANE:  Yes, I'm curious about a couple

  5   of the endpoints in the Reginster study and your

  6   other study.  You showed that the joint space did

  7   not--the width of the joint space did not

  8   deteriorate, in fact, it appeared to increase in

  9   the Reginster study.  What about other individual

 10   radiographic features of OA, such as osteophytes?

 11             DR. ROVATI:  Okay.  It was actually not

 12   increasing in average in the Reginster population.

 13   There was a non-significant decrease of 0.7

 14   millimeters, if I remember correctly.  It was a bit

 15   less in intention-to-treat population of the

 16   Pavelka patients.  But, clearly, there were some

 17   patients who tended to increase, as Dr. Felson

 18   mentioned before, but these were a minority.

 19             And, sorry, your other question was?

 20             DR. LANE:  What about osteophytes?

 21             DR. ROVATI:  Okay.  No, we didn't look at

 22   that in the Reginster trial because the X-rays were 
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  1   sent for digitalization to London in the unit of

  2   Jane Decker, and we could not look at that

  3   afterwards, while with the Pavelka study, the

  4   analyses were performed by the investigators

  5   themselves and so they could look also at this.

  6             DR. LANE:  One more question.  I'm always

  7   interested in osteoarthritis if the patients were

  8   acting the same in the placebo and the treatment

  9   group.  Are there any measures of activity level,

 10   you know, what the patients were doing, you know,

 11   walking, running?  Was it the same, their daily

 12   activities?

 13             DR. ROVATI:  We specifically asked at

 14   enrollment of the entry criteria that the patients

 15   should have not undergone any particular heavy

 16   activity, and also any physiotherapy or exercise

 17   had to be present and standardized before the entry

 18   into the trial.  And in this respect, the two

 19   groups in both studies were very much comparable.

 20             DR. LANE:  Thank you.

 21             DR. ROVATI:  Dr. Felson?

 22             DR. FELSON:  Lovely data-based review with 
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  1   a lot of data, which I know you've been very

  2   involved in.  The issue here is prevention, and you

  3   were careful, I thought, and prudent about being

  4   very clear and accurate about what your data showed

  5   with respect to that.  I wanted to go at that

  6   question a little bit farther in terms of the

  7   contralateral knee, which you talked about some.

  8             You mentioned that the contralateral knee

  9   tended to have pretty large joint space at baseline

 10   in both of the studies.  The issue here is whether

 11   the contralateral knee had OA, because if that were

 12   the case, then there would be evidence that this

 13   was a treatment in established OA as opposed to a

 14   treatment of a joint that was unaffected.

 15             Most people with knee OA, 60 percent

 16   roughly, have bilateral disease, not unilateral

 17   disease.  So do you know the Kellgren and Lawrence

 18   grade of the contralateral knee?

 19             DR. ROVATI:  Yes, it's an excellent

 20   question, of course, and we looked for minor signs

 21   of osteoarthritis and--minor signs of

 22   osteoarthritis such as initial doubtful 
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  1   osteophytes, I may say, that were present in most

  2   of these patients.

  3             With respect to Kellgren and Lawrence, we

  4   were not able to give to them a Grade 2, but there

  5   were minor signs of osteoarthritis.

  6             DR. FELSON:  So remembering, just for the

  7   committee, that by the time you get radiographic

  8   disease, radiographic disease is a fairly late

  9   structural finding of osteoarthritis.  So the fact

 10   that there were small osteophytes in most of the

 11   contralateral joints suggests that there was

 12   existent disease in those contralateral joints.

 13             Now, that begs the question of sort of

 14   when is incident disease, which is a very difficult

 15   question that we could probably spend another week

 16   on and not get the answer to.  But in another

 17   recent trial, one that was presented at ACR, of

 18   doxycycline, another potential remittive or

 19   disease-modifying therapy, in which there was a

 20   great attempt to get unaffected contralateral

 21   knees, they made a very strong comment at the end

 22   of the day that they were pretty much unable to get 

                                                               181

  1   unaffected contralateral knees, that, in fact, when

  2   they looked closely at the contralateral knees,

  3   they all had some measure of osteoarthritis.

  4             So for the purposes of thinking about

  5   prevention, I would just take those arguments into

  6   account perhaps.

  7             DR. ROVATI:  You're totally correct.  As I

  8   was saying, probably these patients could be

  9   classified as Kellgren and Lawrence Grade 1, which

 10   is doubtful osteoarthritis.  I agree with you.

 11             DR. MILLER:  Dr. Krinsky?

 12             DR. KRINSKY:  I think Dr. Felson has

 13   addressed the issue that I was concerned about, and

 14   that was the two studies where you used the data

 15   with respect to the contralateral knee, and the

 16   Pavelka study shows no significant difference.  So

 17   I assume you can discard that.

 18             And if we look at the Reginster study, the

 19   placebo group seems to be advancing at a much more

 20   rapid rate than what's been referred to as the

 21   normal group.  So can we describe that as a normal

 22   knee?  Can we use that as a normal knee joint? 
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  1             DR. ROVATI:  Yes, thank you very much.

  2   It's an excellent question.  Actually, these data

  3   in the Reginster trial are consistent with the

  4   quartile analysis that I showed.  The patients that

  5   were--in a signal joint that were progressing were

  6   those in a better joint state at enrollment.  And

  7   so the contralateral knee, at least in this

  8   particular cohort, that had an even better

  9   preserved joint space, was progressing even more.

 10   So this is consistent throughout this patient

 11   population.

 12             With respect to the Pavelka trial, you're

 13   totally correct, and I have underlined that the

 14   data were not significant.  But you also have to

 15   note that although the difference with placebo in

 16   the Pavelka trial was of the same magnitude as in

 17   the Reginster trial, they tended to progress a bit

 18   less.  And, actually, we noted--and it's published--that

 19   these patients were a bit leaner than in the

 20   Reginster population.  And overweight may be a risk

 21   factor, and this is why we may see more progression

 22   and more prevention of disease in the Reginster 
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  1   trial than in the Pavelka study.

  2             DR. KRINSKY:  Thank you.

  3             DR. MILLER:  Dr. Mehendale?

  4             DR. MEHENDALE:  In your pharmacokinetic

  5   studies, you reach peak plasma levels rather

  6   quickly.  Do you know--and it drops rather quickly.

  7   Do you know anything about the distribution of this

  8   compound in the target tissue?

  9             DR. ROVATI:  Yes.  This, of course, we

 10   could not do yet in humans.  We are trying to

 11   validate the method, at least in synovial fluid, to

 12   see what we have there.  But it's not been

 13   developed yet.

 14             We have early animal data that have been

 15   reported before by the previous petitioner in which

 16   we uniformly labeled glucosamine with C14 on a

 17   carbon ring.  And, actually, with autoradiography,

 18   after administering the compound by the oral route

 19   and taking autoradiography of the intact rat, we

 20   saw that the compound was concentrating--well, was

 21   very much in the liver because, of course, the

 22   liver represents a first--has a first-pass effect, 
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  1   and then was concentrated specifically in the joint

  2   areas that we could analyze.  But, of course, we

  3   have no data in humans.  This is very clear.

  4             DR. MEHENDALE:  Can you give us some idea

  5   what percent of either dose or relationship to

  6   plasma levels might be found at the cartilage

  7   tissue?

  8             DR. ROVATI:  We currently estimate, based

  9   on this new data, that the absolute bioavailability,

 10   although we do not have an absolute

 11   bioavailability yet, is around 20 to 30 percent of

 12   the oral dose.  And the previous animal studies

 13   have shown that, compared to blood, it concentrates

 14   five times more in the cartilage with respect to

 15   the blood itself or other organs.

 16             DR. MEHENDALE:  I have a question about

 17   the in vitro studies where you showed--Dr. Altman's

 18   studies, where he showed effects on number of

 19   signaling molecules.  My earlier question relates

 20   to this, to see the levels that he used in these in

 21   vitro studies to show effects on signaling events,

 22   how they might relate to the levels you find in 
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  1   vivo.  I don't know if you might have some

  2   information that you might shed some light on.

  3             DR. ROVATI:  Probably I was very quick on

  4   that, but the actual levels that we found in

  5   plasma, especially if you consider that, according

  6   to our early data, the compound concentrate in the

  7   cartilage, they are pretty much in line with what

  8   Dr. Altman has shown as an effective concentration

  9   at the chondrocyte level in culture.

 10             DR. MEHENDALE:  And one more question.  I

 11   wonder if you know what the effects might be in

 12   normal tissue then with those levels on the

 13   signaling events in the cartilage tissue.

 14             DR. ROVATI:  Dr. Altman, do you want to

 15   take that?

 16             DR. ALTMAN:  Go ahead.

 17             DR. ROVATI:  Actually, the data that

 18   Altman has presented to you, there are two

 19   particular studies as shown in vitro--one which was

 20   from an independent Spanish group and one which was

 21   obtained in our lab confirming the findings.  And,

 22   actually, the results are very much superimposable, 
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  1   but the real difference is that they used

  2   osteoarthritic chondrocytes taken from

  3   osteoarthritis patients, and we took an absolutely

  4   normal chondrocyte from animals.  So the effect,

  5   when you stimulate the chondrocyte with a strong

  6   pathogenic factor such as interleukin-1, seems to

  7   be the same irrespectively whether the chondrocyte

  8   is already osteoarthritic or is normal.

  9             DR. MEHENDALE:  This applies to COX, INOS,

 10   as well as signaling molecules, NF-kB--

 11             DR. ROVATI:  Exactly.

 12             DR. MEHENDALE:  Uniformly on all of those?

 13             DR. ROVATI:  Exactly, because we believe

 14   that the main pharmacological activity of the

 15   compound is actually to inhibit or reduce the

 16   translocation of active NF-kappa B that then

 17   stimulates the expression of COX-2, INOS,

 18   metalloproteinases and so forth, and we actually so

 19   the same in healthy or osteoarthritic chondrocytes.

 20             DR. MEHENDALE:  Right.  To extend this a

 21   step further, I wonder what the implications might

 22   be to a normal tissue, normal cartilage, upon 
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  1   repeated decreases in these molecules, obviously in

  2   the absence of any disease.

  3             DR. ROVATI:  Yes, it's an excellent

  4   comment, of course.  We believe that there is--as

  5   was said also by the previous speaker, by the

  6   previous petitioner, when you simply administer

  7   glucosamine to healthy chondrocytes or healthy

  8   animals, you simply see no effect or at least no

  9   effect that we can detect.  The only effect you see

 10   when you stimulate, for example, in vitro even the

 11   healthy chondrocyte with a pathogenetic factor.  So

 12   that's why we believe that the preventive issue may

 13   be supported by that, because when the pathogenetic

 14   factor enters into play, then you can prevent it

 15   from exerting its effects.  But in the normal

 16   cartilage, in normal animals, you actually have

 17   nothing.

 18             DR. MEHENDALE:  One limitation of those in

 19   vitro studies, of course, we don't have an

 20   opportunity to look at repeated exposures on normal

 21   tissues.  And, therefore, we are kind of walking an

 22   unknown bridge, so to speak, when we translate into 
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  1   in vivo effects.

  2             DR. ROVATI:  I take your point.

  3             DR. MILLER:  Dr. Zeisel?

  4             DR. ZEISEL:  Getting back to Dr. Felson's

  5   point about contralateral knee not necessarily

  6   being normal, as a non-rheumatologist, could you

  7   help me?  Of the 20 to 25 members of this panel who

  8   do not think they have arthritis, how many of them

  9   have abnormal osteophytes, for instance, on their

 10   knees?

 11             DR. LANE:  How many have had their knee X-rayed?

 12             DR. ZEISEL:  Well, how many would you

 13   guess from your look at normal individuals who

 14   don't come in with a complaint of osteoarthritis?

 15             DR. FELSON:  That's a really--it's not a

 16   hard question to answer, but its interpretation is

 17   pretty tough.  So I can tell you, as the head of

 18   the Framingham Osteoarthritis Study, a sub-study of

 19   the Framingham Heart Study, in which we've just

 20   obtained MRIs on a lot of normal people age 45 and

 21   over, that nearly 100 percent of knees of people 
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  1   age 45 and over have tiny, or larger, osteophytes,

  2   many of which are not visible on the X-ray.

  3             One of the reasons we use the X-ray as our

  4   way of defining disease is mostly historical, but

  5   also because it actually provides a threshold level

  6   of size of osteophyte that tends to help us

  7   distinguish between those with pain and those

  8   without pain reasonably well.  So those tiny little

  9   things that we see on the MRI usually aren't the

 10   threshold level above which--I don't know if

 11   there's meaning to the definition.  I'm not sure

 12   there is, but if there is, that would be it.

 13             There's a different question here, though,

 14   which is:  Is prevention for a health claim, which

 15   I think is probably what we're supposed to talk

 16   about here, the prevention of contralateral disease

 17   in someone who has unilateral disease, or is it

 18   prevention of the new onset of disease in someone

 19   who doesn't have disease at all?  And I think we're

 20   increasingly aware of the fact that this is a

 21   bilateral and often systemic process and that the

 22   presence of clinical disease in one joint is either 
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  1   a harbinger of or goes along with clinical disease

  2   in its contralateral partner.  And I think it would

  3   be--I don't think these are people who have

  4   contralateral joints which are the same as your

  5   joints, assuming that you don't--that you have

  6   those tiny little osteophytes that we all have.

  7             DR. ZEISEL:  Okay.  But, again, the point

  8   I am thinking about is that if almost 100 percent

  9   of the members of this panel have pathology on

 10   their knees which would not have been there when

 11   they were probably 17 years old and we're dealing

 12   with chronic diseases that have a continuum, it is

 13   a leap of faith both to argue that they are the

 14   same as what the person has in the osteoarthritis,

 15   but it's also a leap of faith to argue that they

 16   aren't part of the early continuum, that if you

 17   followed those individuals from the Framingham

 18   Study and looked at them 15 years later, many of

 19   the ones who have more osteophytes went on to have

 20   the early stigmata of osteoarthritis.

 21             And so if that's the case, then the

 22   contralateral knee argument that's being made is as 
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  1   close as you can get to extracting data that's

  2   clinically already there that may be useful.

  3             DR. MILLER:  Actually, another way of

  4   putting it--and it's a matter that we can discuss

  5   tomorrow--is in order to--one of the questions we

  6   need to deal with is what is the kind of data that

  7   would be needed in order to demonstrate that a

  8   prevention claim can be made.  And it seems to me

  9   that the big argument is what constitutes the

 10   baseline.  I wouldn't call it normality, but what

 11   constitutes the baseline.  And that should be one

 12   of the questions we ought to be discussing

 13   tomorrow.

 14             Dr. Russell?

        T7        DR. RUSSELL:  I had questions more or less along             

15

 16   the same lines that have been discussed now.

 17             DR. MILLER:  Dr. Callery?

 18             DR. CALLERY:  This is a question back to

 19   the compound that you've been discussing, and thank

 20   you for pointing out that most of the studies done

 21   were done with compounds that were not well

 22   characterized and probably not what they said they 
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  1   were in the process.  But let me ask a question

  2   about your compound in particular.

  3             If you had an equal molar amount of your

  4   complex versus pure glucosamine free base or

  5   glucosamine hydrochloride, would you expect a

  6   better response from your compound?

  7             DR. ROVATI:  There is certainly the factor

  8   of sulfates, and as Professor Altman mentioned, we

  9   do not know exactly how much sulfates are

 10   important.  They're clearly important in the

 11   metabolism of cartilage.  Whether they

 12   significantly increase the pharmacological activity

 13   of glucosamine sulfate is not known at present.

 14   The only data we have is, again, the clinical data

 15   with glucosamine sulfate.

 16             So I think that your point is well taken.

 17   So if you exclude the sulfates and you provide the

 18   primary active ingredient, which is clearly

 19   glucosamine, I think you should--you may get

 20   similar effects, as long as this different

 21   formulation has the same pharmacokinetic properties

 22   and as long as you can actually, since there is 
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  1   this uncertainty about sulfate, you show some kind

  2   of therapeutic equivalence or something, some hints

  3   that lead you to think that the effects may be the

  4   same.

  5             DR. MILLER:  Dr. Blonz?

  6             DR. BLONZ:  I think that the European

  7   regulation as a drug is informative.  As we get

  8   closer to the lunch break, I want to step back a

  9   little bit and talk about the substance itself.

 10   We're talking about food here.  We're not dealing

 11   with drugs.  And we are talking about putting this

 12   in the food supply.

 13             Now, according to the Federal Food, Drug,

 14   and Cosmetic Act, for something to be added it's

 15   got to be a food.  It's got to be a food substance.

 16   And according to your petition, we're talking about

 17   a substance that's a vitamin, mineral, herb, or

 18   other similar nutritional substance, specifically

 19   food or a component of food.

 20             So what specific food or component of food

 21   do you find crystalline glucosamine sulfate?

 22             DR. ROVATI:  You do not find crystalline 
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  1   glucosamine sulfate.  You find glucosamine or you

  2   find the glucosamine sulfate incorporated in the

  3   tissues in any food that contains cartilage or

  4   perhaps--well, connective tissues.

  5             It's clear that the regulations in the

  6   U.S. and in Europe are quite different in this

  7   respect because the U.S. has a specific regulation

  8   of food supplements or dietary supplements that are

  9   regulated as a drug in Europe because there is not

 10   any provision for food--they're starting to arrive,

 11   but there's not any provision.  So whatever you

 12   show in Europe, automatically you are a drug.  You

 13   do not have the option of having a food supplement.

 14             DR. MILLER:  Dr. Cush?

 15             DR. CUSH:  I just want to make the

 16   statement that I think Dr. Felson's comments are

 17   very helpful, and we do know that X-rays will show

 18   progressive evidence of osteoarthritic change in a

 19   population as it ages.  But it's also important we

 20   teach to our students and to primary care doctors

 21   that there's a real disconnect between symptoms and

 22   X-rays.  And, hence, you know, making decisions 
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  1   solely based on radiographic and imaging studies

  2   about joint space narrowing and whatnot may not--is

  3   still a big leap to actually symptomatic disease.

  4             DR. MILLER:  Dr. Kale?

  5             DR. ROVATI:  Can I comment on that, Dr.

  6   Miller?

  7             DR. MILLER:  Sure.

  8             DR. ROVATI:  You're perfectly right.  It's

  9   clear that symptoms and structure do not go in the

 10   same direction, at least in the early stages.  When

 11   you then arrive to the point of joint surgery, you

 12   have a severely damaged joint and you have

 13   symptoms.

 14             But this is absolutely extremely

 15   important, and actually I did not show about the

 16   quartile analysis in the Reginster cohort showed

 17   that, while only those more   (?)  were progressing

 18   in joint space loss, both were progressing in

 19   symptoms and the compound was effective in both on

 20   the symptoms of the disease.  So it's clearly

 21   something which is divergent.  Perhaps until the

 22   very late stage when the two go to the endpoint or 
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  1   final clinical outcome.

  2             DR. MILLER:  Dr. Kale?

  3             DR. KALE:  A number of comments, but most

  4   recently, the comment made by Dr. Miller forces me

  5   to ask what may be a theological question, and that

  6   is:  Who are the proper subjects for this product?

  7   If we can't agree when osteoarthritis begins in an

  8   adult and if the data that you've collected in your

  9   studies looking at now MRI scans suggests that

 10   disease is virtually everywhere, then where is it

 11   not everywhere, radiographically or otherwise?  Who

 12   would serve as appropriate subject for this

 13   nutritional product?  Would it be something like a

 14   vaccination, we start at birth?  When would one

 15   start?

 16             DR. ROVATI:  Certainly the therapeutic

 17   data available support the fact that the substance

 18   is particularly effective in mild to moderate

 19   osteoarthritis.  This is clear, although the

 20   symptoms can be treated also in more severe stages

 21   in the short-term clinical trials, reviewed in the

 22   meta-analysis support that.  I think I tried to 
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  1   show you that this mild osteoarthritis can be

  2   probably brought a little backwards and we can

  3   treat patients--or we can supplement subjects that

  4   are at risk of osteoarthritis.

  5             DR. KALE:  The question is how do you

  6   determine who--everyone's at risk, which is why you

  7   end up vaccinating everybody.  Everybody's at risk,

  8   because we all are.  How do you decide?  And if the

  9   issue here is prevention, then the question is

 10   preventing when, in whom, how?

 11             DR. ROVATI:  It's an excellent question.

 12   I'm not that expert to reply precisely to that.  I

 13   would say patients who may be at risk because of

 14   physical activity, because of weight, such as

 15   obesity, or simply because, for example, in an X-ray they

 16   have minimal signs of osteoarthritis which

 17   is not yet clinically significant and this may be

 18   helpful.

 19             DR. MILLER:  Dr. Abramson?

 20             DR. ABRAMSON:  These are difficult

 21   questions, and I guess as a rheumatologist it's

 22   important to frame this in the context of where the 
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  1   field is.  And for those people who are not

  2   rheumatologists, the NIH, as we heard very early

  3   on, is spending millions of dollars to study 5,000

  4   people to, in essence, address this kind of

  5   question, people with very early disease, what

  6   happens to them over five years or longer, with the

  7   presumption being that most do very well and don't

  8   need any intervention of prevention.  But the

  9   answer is the fact is that the field--these are

 10   unknowns in the field.  So I think what we're

 11   grappling with is how do we pretend to know the

 12   answer today when we're not going to, at least

 13   academically, to the extent that the OA initiative

 14   can address that, won't know that for five years.

 15             And I guess that raises a question or a

 16   clarification for me as we each struggle with this

 17   that does touch on regulatory.  Here we have a

 18   compound that's synthesized, that has a mode of

 19   action that looks like a drug, inhibits NF-kappa B

 20   like corticosteroids do, that now would be--it is a

 21   drug in Europe, and then we are--so if we were

 22   addressing this as a drug in the U.S. across the 
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  1   street at CDER, we would be asking for the clinical

  2   evidence that it prevents.

  3             So how do we wear two hats here?  And I

  4   guess this is kind of a regulatory question.  Can

  5   it be a food here where we apply a different set of

  6   standards than if this meeting were happening in

  7   this hotel, you know, two years from now, if you

  8   filed an IND or something, or an NDA, would the

  9   discussion be different and should it be different?

 10   You know, this is where I think a lot of us are

 11   trying to understand the process at this committee

 12   rather than at the arthritis--

 13             DR. MILLER:  The decision concerning how

 14   this is to be regulated is made by the agency, as

 15   far as I can tell.  Our concern is the science,

 16   irrespective whether it be regulated as a drug or

 17   as a food.  The difference is that the law defines

 18   foods--defines supplements as foods, and that

 19   complicates the issue, but not for us.  Our issue,

 20   the issue that we're supposed to deal with is:  Is

 21   there sufficient data to support the idea that this

 22   prevents osteoarthritis?  And if not, what data 
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  1   would be needed in order to do it?  That's the kind

  2   of question--how that ultimately gets used is a

  3   matter for the agency and the lawyers deal with.

  4   That's something we just can't--I hope to God we

  5   don't ever get involved in.

  6             [Laughter.]

  7             DR. MILLER:  Nothing personal to my

  8   friends in the agency.

  9             Dr. Espinoza?

 10             DR. ESPINOZA:  I was wondering, since this

 11   compound also relieved pain, if there is any data

 12   about its use in other populations, in younger

 13   patients, rheumatism, fibromyalgia, especially in

 14   Europe.

 15             DR. ROVATI:  There are some early data on

 16   chondromalacia of the patella, but I would be

 17   reluctant to take them as evidence of their

 18   activity in this kind of disease because these were

 19   really early data produced over 20 years ago when

 20   clinical trials were clearly not of the same

 21   standard as of today.  So today there is no new

 22   study in this respect. 
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  1             DR. MILLER:  Dr. Lund?

  2             DR. LUND:  With regard to the fact that we

  3   all show some signs of this disease in our joints,

  4   to what extent does genetic predisposition to this

  5   disease play a role?  And is this a treatment for

  6   those with a genetic predisposition to the disease?

  7             DR. ROVATI:  I hope this is a question for

  8   the experts.

  9             [Laughter.]

 10             DR. LUND:  Well, I'm just curious as to

 11   whether in your studies with regard to the

 12   longitudinal studies that have been performed,

 13   whether you got to the question of the genetics of

 14   the disease, basically.

 15             DR. ROVATI:  I was joking.  It's an

 16   excellent point, of course, and, unfortunately, we

 17   didn't perform any genetics in any study, I must

 18   say.

 19             DR. MILLER:  Do you want to answer that

 20   question?

 21             DR. FELSON:  No, I don't.

 22             [Laughter.] 

                                                               202

  1             DR. MILLER:  Then you wait.  You're not

  2   going to be helpful, you wait.

  3             Dr. Harris?

  4             DR. HARRIS:  Yes, the question just posed

  5   I think is a very important one.  In fact, it was

  6   one that I was going to pose, so I think we are

  7   basically on the same wavelength here.  But not

  8   only do we have to worry about genetic

  9   predisposition, we also have to worry about states

 10   of development.  And I just wondered, in your

 11   studies that you performed or the literature has

 12   now documented, is there any evidence of

 13   glucosamine may be more beneficial to the younger

 14   set as opposed to the older set?  And do we have to

 15   make adjustments in that case to dosage or quantity

 16   that we need to achieve the effects we're looking

 17   for?

 18             DR. ROVATI:  The two studies, the two

 19   long-term studies, were pretty homogeneous with

 20   respect to the age of the subjects.  They had on

 21   average 65 years, and the limits were actually

 22   between 55 and probably something more to 70. 
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  1             Actually, one of the entry criteria was

  2   patients over 50 years as required for the

  3   guidelines for treatment of osteoarthritis.

  4             DR. MILLER:  Dr. Mehendale?

  5             DR. MEHENDALE:  Earlier, in response to a

  6   question, you included obese people as a possible

  7   population.  A significant number of these are

  8   going to have diabetes or maybe already have in

  9   unawareness.  And do you know the effect of this

 10   compound in such individuals?

 11             DR. ROVATI:  As I was mentioning before,

 12   there is currently no evidence in humans that

 13   glucosamine, any form of glucosamine, may

 14   precipitate diabetes in some way.  Actually, we

 15   published a letter in the Lancet three or four

 16   years ago in which we were examining the blood

 17   levels of the patients in some of the earlier

 18   studies, short term, and in the long-term trial of

 19   Reginster.

 20             While in the long-term trial of Reginster

 21   we had no patients with hyperglycemia at baseline

 22   and, therefore, I cannot answer to this question, 
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  1   we saw, if anything, a decrease, a trend for a

  2   decrease in the glucose blood levels.

  3             We examined the facts in some short-term

  4   studies.  We had a reasonable amount of patients

  5   with hyperglycemia although they were not diagnosed

  6   as diabetic.  And also in this case, we had no

  7   increase in fasting blood glucose.

  8             DR. MEHENDALE:  Do you have any

  9   information on insulin levels in these people who

 10   take this drug?

 11             DR. ROVATI:  We do not have from these

 12   trials.  This was not scheduled.  This is something

 13   that came out after the trials were designed.  But

 14   I would like to mention one study that should be

 15   taken carefully for the reasons that I said before,

 16   because this is actually something done with a

 17   supplement of glucosamine hydrochloride and

 18   chondroitin sulfate, and they administered the

 19   substance for three months, if I'm correct, to

 20   patients with Type II diabetes, and they looked at

 21   insulin, they looked at glycated hemoglobin, and

 22   they found no change compared to placebo and no 
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  1   progression in anything.

  2             DR. MILLER:  Dr. Felson?

  3             DR. FELSON:  [Inaudible, off microphone.]

  4             DR. MILLER:  Dr. Downer?

  5             DR. DOWNER:  You mentioned animal sources,

  6   particularly cartilage, as a dietary source for

  7   this.  Would it be fair to say that vegans who are

  8   not physically active may be at greater risk for

  9   OA?

 10             DR. ROVATI:  I'm afraid I did not catch

 11   exactly--

 12             DR. DOWNER:  The vegans, the strict

 13   vegetarians, those who do not include animal

 14   products cartilage.

 15             DR. ROVATI:  I don't know if there is any

 16   epidemiological data on that.  Perhaps Dr. Abramson

 17   and Dr. Felson...

 18             [Inaudible comment off microphone.]

 19             DR. DOWNER:  You would be surprised.  I

 20   have obese vegan patients.  You would be very

 21   surprised.  I think animal products have a role.

 22             DR. MILLER:  Dr. Krinsky? 
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  1             DR. KRINSKY:  This is not for Dr. Rovati,

  2   just for information.  Two things.

  3             One, in the Framingham Study that you've

  4   mentioned, are they, in fact, questioning whether

  5   the people are taking glucosamine and/or

  6   chondroitin sulfate?

  7             DR. FELSON:  Yes, but there's a lot of

  8   confounding by indication.  You know, you can't

  9   tie--people take glucosamine because they have

 10   joint pain, and so there's likely to be an

 11   association of disease with glucosamine use.  So

 12   you can't really test the preventive issue there.

 13             There are ways now you could sort of get

 14   at that, propensity score stuff, but, you know, we

 15   haven't messed with that yet.

 16             DR. KRINSKY:  Okay.  Thank you.

 17             The other question is just informational.

 18   We have these written comments from Nutramax

 19   Laboratories, and I don't understand how they

 20   relate to our committee work.  Were they solicited

 21   by the FDA or were they just free contributions?

 22             MS. REED:  They were just submitted. 
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  1             DR. KRINSKY:  Okay.  Thank you.

  2             DR. MILLER:  I think at this point it's

  3   time for lunch.  Thank you very much.

  4             Lunch for the members of the committee and

  5   guest speakers is in the room next door, the break

  6   room.  For everybody else, you're on your own.

  7             We will return at 1:30 promptly to begin

  8   the session.

  9             [Luncheon recess at 12:21 p.m.] 

                                                               208

  1                        AFTERNOON SESSION

  2                                                    [1:30 p.m.]

  3             DR. MILLER:  This is the afternoon

  4   session.  There are a couple of announcements that

  5   I have to make, and clarifications.

  6             First of all, for the record, Mr. Michael

  7   McGuffin, who is a member of the Supplements

  8   Subcommittee and was supposed to join this

  9   committee for this discussion is unable to join us.

 10             Second of all, I've been reminded that the

 11   phrase "prevention" is a term of art in drugs and

 12   "risk reduction" is a term of art in foods.  And,

 13   therefore, we ought to be talking about risk

 14   reduction and not prevention.  Since I've been

 15   doing that more than anybody else, I suppose I have

 16   to say mea culpa.

 17             And, lastly, when you've finished talking

 18   using the microphones, please remember to turn them

 19   off.  It confuses the AV person who gets too much

 20   extraneous noise.

 21             This afternoon we begin with a

 22   presentation of Dr. Lee Simon of Harvard University 
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  1   on the current state of etiology of osteoarthritis

  2   and modifiable risk factors.  Dr. Simon?

  3             DR. SIMON:  Thank you.  Good afternoon.  I

  4   know everybody is bright-eyed and bushy-tailed back

  5   from lunch.  I'm first up to be able to keep you

  6   awake for the next half-hour or so.

  7             I am a rheumatologist by training, and for

  8   perspective's sake, I'd just like to make clear

  9   that I've been involved in this debate in that I

 10   was the former Division Director of the Division of

 11   Analgesic, Anti-Inflammatory, and Ophthalmologic

 12   Drug Products in CDER, where I just left about five

 13   months ago.  Furthermore, although my disclaimer is

 14   quite clear that I have no actual involvement in

 15   any company, pharmaceutical or nutraceutical or

 16   otherwise related to glucosamine or its congeners,

 17   I do have involvement in drug development

 18   consulting related to other companies in the field

 19   of rheumatology, particularly relating to disease-modifying

 20   agents as well as nonsteroidal anti-inflammatory drugs,

 21   which some of you actually know

 22   quite well. 
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  1             I was charged by the organizers--and I

  2   want to give my thanks to them for asking me to

  3   come and giving me the opportunity to be in front

  4   of such an august audience, inclusive of colleagues

  5   of mine who are far more expert at osteoarthritis

  6   than I am, both at the biology or clinical study of

  7   such a disease.  And I was charged with talking

  8   about etiology, pathogenesis, and treatment

  9   considerations, some of which you've heard a lot

 10   about already, but I'd like to highlight some of

 11   the important issues for the non-rheumatologic

 12   audience so that perspective can be gained

 13   regarding the discussion itself.

 14             There is no question, as you've heard all

 15   along, that glucosamine actually has a benefit in

 16   the context of an analgesic effect of unclear

 17   cause.  Whether or not glucosamine is a treatment

 18   that actually alters the natural history of the

 19   disease, i.e., osteoarthritis, remains entirely

 20   debatable and has a lot to do with trial design and

 21   outcome measurements.  So osteoarthritis as a

 22   disease state is what I am actually going to be 
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  1   talking about.

  2             Typically, it affects people over the age

  3   of 50.  The slide used to say "elderly," but as

  4   I've gotten older, I've obviously had to change

  5   that.  A biologic process takes place which affects

  6   cartilage and, thus, as a result, there's a

  7   subsequent inflammatory component that

  8   characterizes most of the symptoms and signs of

  9   this particular process.

 10             The clinical presentation is pain.

 11   Occasionally, patients will show up in my office

 12   and complain that, "I can't do what I used to be

 13   able to do."  But having been a rheumatologist for

 14   25 years, and although I had a boutique practice in

 15   an academic environment, I guarantee you I saw

 16   plenty of people who came in complaining of pain.

 17   And most patients don't come in and say, "I have an

 18   osteophyte."  They tell me they're uncomfortable

 19   and something's wrong with their life.

 20             And if you really look at epidemiologic

 21   evidence, it's pretty clear that are large number

 22   of patients who are over the age of 75--and I don't 
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  1   see many of those people around this table, and we

  2   talked about this before.  But over the age of 75,

  3   then a huge number of people, greater than 75

  4   percent, will have X-ray evidence of this process.

  5   If you're over 85, 75 percent will be symptomatic.

  6   Now that we have more than a million centenarians

  7   alive in the United States, some of whom actually

  8   pay taxes, this is a very important issue to

  9   society.  And it probably affects 16 to 20 million

 10   Americans, which is also an important issue.

 11             You saw a similar slide to this before,

 12   but I'd like to point out that this is looking at

 13   the prevalence of all the rheumatic disorders that

 14   we consider.  And, in fact, osteoarthritis, as you

 15   can see, is very frequent.  The prevalence is quite

 16   high, and it's actually quite important.  I'm not

 17   entirely sure that neck and back pain does not also

 18   reflect a manifestation of osteoarthritis in some

 19   circumstances.

 20             So someone has already mentioned this, and

 21   I think it's really critical for us to think about

 22   this.  Although the disease might be something 
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  1   related to cartilage, the joint is a very complex

  2   organ.  And the components, the mechanistic

  3   components of the joint, are all extremely

  4   interrelated.  The mechanics of the joint is what

  5   we're talking about.  So there's cartilage, and

  6   cartilage actually is a very interesting tissue.

  7   It's predominantly aneural.  It's predominantly

  8   avascular.  it's predominantly alymphatic.  And it

  9   can represent within the joint two different

 10   sources of structure:  hyaline cartilage, which is

 11   what we think of as the typical cartilage in the

 12   joint, consists of predominantly Type II collagen;

 13   whereas, fibro-cartilage, which is predominantly

 14   Type I collagen genetically, is what makes up other

 15   components of cartilage within the joint.  Hyaline

 16   cartilage is really predominantly only found in the

 17   body in the joint--and just as an aside, in some

 18   other tissues, but predominantly in the joint.

 19             What it's there for is to cushion and

 20   provide a particularly remarkable surface once

 21   changed to a degree by certain products such as

 22   hyaluronic acid and lubricin that can lead to 
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  1   almost nearly a frictionless surface to allow

  2   motion to take place in very complex areas.

  3             Then there are the menisci.  The menisci

  4   are also cartilage, and they really consist of Type

  5   I collagen.  There are other components to hyaline

  6   cartilage that we'll talk about in a minute.

  7             Then there are tendons and ligaments, the

  8   joint capsulate itself.  There's bone.  There's

  9   actually the periosteum component of bone, and

 10   subchondral bone since the 1960s has been

 11   considered a very important component of

 12   transmission of forces in the normal, everyday use

 13   of the joint so that there's cushioning provided by

 14   an arcade of Type II collagen within the cartilage,

 15   but then the forces are also attenuated through the

 16   immediate subchondral bone.

 17             Then there's synovial fluid, which

 18   provides nutrition in a certain way, but also some

 19   of the aspects that we talked about, about the

 20   frictionless surface provided by the components of

 21   synovial fluid, inclusive of hyaluronic acid and

 22   lubricin.  And then the muscles surrounding the 
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  1   joint, many people are common to say a good

  2   athlete, even they may have bad knees, by having

  3   excellent musculature can provide a lot of the

  4   support.  And the evidence has been done over the

  5   years that, in fact, you really want to build up

  6   the muscles around a diseased joint to provide

  7   better support and better symptomatic control.

  8             So here is what we talk about when we

  9   think about the idea of the joint as an organ.

 10   What I'm looking at here is just the bone, but here

 11   is the joint capsule and tendons.  Here is the

 12   menisci.  Here is the joint space.  We've already

 13   seen and talked a lot about joint space so far.

 14   And in here is the hyaline cartilage lining the

 15   surface of the bone, which is the articular

 16   surface, the portion of the bone that moves through

 17   range of motion, predominantly.  And you've seen a

 18   picture like this before, and these are the

 19   molecules of Type II collagen.  And interposed

 20   between them are very important high-molecular-weight

 21   substances, the proteoglycans, that allow

 22   cartilage to be extraordinarily well-hydrated.  So 
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  1   there's a lot of water in this substance that leads

  2   to a lot of resiliency, a sense of being able to

  3   tolerate a lot of sheer stress and to not deform

  4   too greatly and be able to retain its format, so to

  5   speak.

  6             There are multiple other forms of minor

  7   collagens which some people believe may play a very

  8   important role in progressive disease in some

  9   patients.

 10             So there's been a lot of talk about risk

 11   factors for the generation of this disease this

 12   morning, most of which have already been actually

 13   discussed.  Someone asked the question about

 14   genetics, and clearly, what we understand about

 15   genetics so far is that there are some people that

 16   have abnormal components of the joint, and those

 17   abnormal components might be, such as in Ehlers-Danlos

 18   syndrome, which is a disease of elasticity,

 19   a disease that, in fact, can lead to hypermobility

 20   because of increased range of motion, or more

 21   recently some people have discovered a Type II

 22   collagen defect in some families, and there are now 

                                                               217

  1   about 16 families in the entire world that actually

  2   have this Type II collagen defect, which then leads

  3   to a rapid and early form of osteoarthritis.  So

  4   it's not a very common event compared to the

  5   numbers of patients who actually have

  6   osteoarthritis.

  7             There's also been a recent identity of a

  8   new familial cohort with a form of increased

  9   chondrolysis.  You get earlier dissolution of

 10   collagen and cartilage, and that also has been seen

 11   in two family cohorts.

 12             So many of us don't believe that we have

 13   found the specific or singular genetic defect that

 14   might lead to osteoarthritis, and most of us

 15   believe that there is one.  It may be eluding us,

 16   but there may be multiple different kinds of

 17   defects that, if they're genetic, might do that.

 18   Or perhaps there's yet an undiscoverable defect in

 19   some of the minor collagens that might be

 20   associated with the more common form of progressive

 21   osteoarthritis.

 22             Then there are congenital anomalies that 
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  1   are unrelated to these kinds of changes, such as a

  2   shallow cup where the acetabulum is in the hip that

  3   may lead to premature hip osteoarthritis.

  4             Then there's trauma, and trauma obviously

  5   everybody understands that, and it can be quite

  6   unique and limited to the post-fracture scenario,

  7   the football player, or whatever.  Then there are

  8   overuse syndromes, and Dr. Felson is an expert in

  9   identifying some of those people in Asia, for

 10   example, in China, who stoop all the time or who

 11   use chopsticks in a certain way that actually might

 12   lead to osteoarthritis of those particular joints.

 13   It's actually a fascinating phenomenon.  The real

 14   question which I asked him last night on the plane

 15   was whether or not, in fact, if you then changed

 16   how they stood or changed how they used the

 17   chopsticks, introduced them to a fork, might that

 18   actually change the behavior and change, thus, the

 19   onset of osteoarthritis?  I suspect that Dr. Felson

 20   would answer, but he certainly has the opportunity,

 21   to suggest that we don't know the answer to that

 22   question.  And, therefore, some of the questions 
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  1   that were brought up this morning as alteration of

  2   risk factors and that we'll talk about in a minute

  3   are clearly unknown.

  4             Then there's a post-infectious state, such

  5   as patients who have rheumatoid arthritis or--that's post-

  6   inflammatory, or patients who develop

  7   some form of streptococcal arthritis or other form

  8   of infectious disease of the joint that can lead to

  9   destruction of the cartilage and bone and, thus,

 10   without replacement might lead to secondary

 11   osteoarthritis.

 12             Then many of us have discussed already and

 13   thrown out the terminology of obesity, and that

 14   clearly has been a risk factor and identified both

 15   from the Framingham Study as well as other

 16   epidemiologic studies.  And now that we're in a

 17   Foods Advisory Committee, obviously it's a very

 18   important consideration and everybody knows that

 19   the epidemic of obesity has been on all of the

 20   front pages of all the major scientific journals,

 21   such as Newsweek and Time.

 22             So, in fact, there is a clear issue that 
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  1   obesity plays an important role in the inception

  2   and ongoing presence of osteoarthritis, particularly of the

  3   lower extremity.  The other problem,

  4   of course, with obesity is:  What does it mean to

  5   change it?  How do you alter the disease state?  Do

  6   we actually know that by decreasing weight

  7   significantly over a 30- to 40-year period you'll

  8   actually change the natural history of the

  9   progressive nature of osteoarthritis or change the

 10   symptoms, or will you change both?  That's really

 11   yet to be defined.

 12             There is yet another form of genetic

 13   disease that we don't understand which is a

 14   patterning of disease, and it's called hereditary

 15   osteoarthritis or hereditary osteoarthrosis, and

 16   I'll show you some pictures of that.  And it's a

 17   particular clinical pattern of presentation of

 18   nodular osteoarthritis, particularly of the hands.

 19   Now, whether or not that is a major focus, I have

 20   no idea.  I certainly look at my hands, and I

 21   remember my mother's hands quite well, and she had

 22   that significant event, and yet I have not yet done 
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  1   that.  And she developed it at the age of 50, and I

  2   am significantly beyond that.  What genes are

  3   related to that still elude us.

  4             So many of us try to think of

  5   osteoarthritis, knowing what we know--which is

  6   light years more than we knew ten years ago, but is

  7   still light years less than what we need to do to

  8   really understand this process--is we think of it

  9   as patients who have either normal cartilage and

 10   something happens, or patients who have abnormal

 11   cartilage at the inception of their being and

 12   something happens.  So a very simplistic way to

 13   look at that is that the patient with normal

 14   cartilage and supporting structures is subjected to

 15   abnormally increased loads.  And if you think about

 16   osteoarthritis as we think about it, it's

 17   predominantly in the lower extremity, and it

 18   predominantly affects those weight-bearing joints.

 19   And yet ankles are not particularly involved in

 20   osteoarthritis, and something else is happening in

 21   that regard; whereas, knees and hips are.  And yet

 22   ankles also carry weight, and why that's exactly 
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  1   sure, we don't know.  So obesity and overuse

  2   syndromes may be examples of how that is affected.

  3             Then there's the idea of the abnormal

  4   cartilage and supporting structures are subjected

  5   to either minimal or normal loads or abnormally

  6   large loads, and then you can think of inherited

  7   defects of structural components like I mentioned,

  8   defects of Type II collagen, a cartilage lysis

  9   syndrome, hypermobile syndromes.  And then there

 10   are metabolic disorders that an lead to this where

 11   you get deposition of pigment that alters the

 12   characteristics of cartilage, such as in

 13   ochronosis.  And some people believe that maybe

 14   even iron changes, as in hemochromatosis, may lead

 15   to some abnormalities of cartilage that could lead

 16   to these events.

 17             However, the biology of osteoarthritis is

 18   actually now being elucidated much more clearly,

 19   and I grew up at a time when people actually used

 20   the term--and I can remember well training in an

 21   arthritis program at a major center, where I was

 22   told that osteoarthritis was "degenerative joint 
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  1   disease," that this was not an inflammatory

  2   process, that it was entirely unrelated.  And then

  3   Dr. Abramson taught me otherwise by convincing me

  4   that, in fact, there's an inflammatory process.

  5             Regardless of that, it is a slowly

  6   progressive disease, and it's remarkably

  7   heterogeneous.  Everybody in this room, as we've

  8   discussed, is probably at risk in certain ways or

  9   another.  And if every one of us has this process,

 10   I guarantee you we would all progress in different

 11   ways based on our own uniqueness.

 12             It's primarily affecting cartilage.  There

 13   is an early cellular response.  And as mentioned

 14   before by someone on the other side of the table,

 15   early on there's actually increased synthetic

 16   capacity at the cartilage, that there is actually

 17   an attempt to make more collagen, to make more

 18   proteoglycans, there's increased hydration because

 19   of that, and it's only subsequently later that, in

 20   fact, there seems to be a failure of the

 21   chondrocyte, the cell that's responsible for

 22   maintaining cartilage, that there's a failure of 
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  1   the chondrocyte in its ability to actually make all

  2   of these things, and then you get progressive

  3   disease.

        T8        Well, that's all well and good.  It's all               4

  5   phenomenological.  But whether there's actually any

  6   proof that those changes are truly related to the

  7   evolution of progressive disease is unknown.

  8             And where inflammation begins to play a

  9   role in actually how this all evolves is very

 10   debatable.  So you saw evidence by the Pelletiers

 11   and others that have been suggested that IL-1 and

 12   TNF alpha, two important cytokines that are

 13   primarily involved in rheumatoid arthritis, are

 14   involved here is true.  But what their involvement

 15   and how important it is from a causality point of

 16   view is entirely unknown.

 17             There is absolutely no question that

 18   synovial hypertrophy takes place in this disease.

 19   However, the extent of synovial hypertrophy is much

 20   less than you get in proliferative autoimmune

 21   disease such as rheumatoid arthritis.  So with this

 22   hypertrophy, with this cellular change, we know 
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  1   that inflammation is important.  Exactly how

  2   important is unknown.  And although it has been

  3   alluded to already that this may be a systemic

  4   process, it's not systemic in the nature of

  5   systemic like rheumatoid arthritis.  It's systemic

  6   in the fact that whatever the abnormality to

  7   cartilage, whatever the abnormalities are that

  8   predispose this progressive nature, is inherently

  9   there.  The systemic nature is not that there's a

 10   lot of inflammation so that you can measure a

 11   systemic response with CRP.  So basically most of

 12   us would argue that this is actually a local event.

 13             So, in fact, something happens at the

 14   cellular level which then leads to structural

 15   change, and you saw some pictures of that earlier.

 16   And then there's pain and other signs and symptoms

 17   that come along here.  And I will reiterate this

 18   throughout my talk.  There are plenty of people

 19   that have X-ray evidence of change and have no pain

 20   or symptoms.  Do those people actually have

 21   osteoarthritis?  Conversely, hardly anybody has

 22   osteoarthritis if they have symptoms and don't have 
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  1   any change, as evidenced by an imaging technology

  2   that can help us make a diagnosis.  But a

  3   diagnostic X-ray doesn't make the diagnosis.  It is

  4   a supportive diagnosis of a clinical state as

  5   manifested how the patient presents.  And that is

  6   ascertained by pain, functional limitations, and

  7   then obviously reduced health-related quality of

  8   life, which can then lead to actually the ultimate

  9   intervention, although I'm not a surgeon, of

 10   surgical intervention.

 11             I love these dynamic slides.

 12             So basically the pattern of joint

 13   involvement tells us something, but as a

 14   rheumatologist, because we have no--and it's

 15   already been ascertained, we have no specific blood

 16   test that tells us about a diagnosis, we have no

 17   specific ascertainment system, so we base it on

 18   clinical presentation.  The asymmetry of joint

 19   involvement is very important and an overall way to

 20   look at somebody who shows up with pain and which

 21   joints are involved.

 22             So to show you the dilemma--perhaps 
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  1   rheumatology remains the last bastion of the

  2   diagnostician--basically you get certain joints

  3   that are involved and not other joints involved.

  4   So most people don't think that the MCPs, the

  5   metacarpal phalangeal joints, are typically

  6   involved in osteoarthritis, and that the DIPs, the

  7   distal interphalangeal joints, and the proximal

  8   interphalangeal joints are those that are more

  9   commonly associated when the hand is involved.

 10   Furthermore, the first cup or metacarpal is where

 11   at the base of the thumb, people think of this as a

 12   pretty traditional place, big toe, knee, hip, lower

 13   back, and neck, but not typically the thoracic

 14   spine.  So it probably has something to do with the

 15   kind of plumb line that goes on with the body and

 16   where pressure relationships and weight-bearing or

 17   load-bearing takes place.  Those of us who think

 18   about this a lot see a patient who presents with

 19   shoulder osteoarthritis, you think about a football

 20   player or some other form of trauma.  Elbow

 21   osteoarthritis is considered incredibly rare

 22   without trauma, as well as wrist osteoarthritis. 
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  1             So why is that?  These are all

  2   diarthrodial joints.  They all have synovial

  3   lining.  Why are certain ones affected and not

  4   others?  Furthermore, to contrast that, in

  5   rheumatoid arthritis the DIPs are almost never

  6   involved.  So, unfortunately, the patterning of

  7   disease is important, and, unfortunately, without

  8   any other kind of biologic markers, were quite at

  9   risk.  So the diagnosis of osteoarthritis is

 10   dependent upon several particular issues and, as

 11   mentioned, it's predominantly symptoms of pain,

 12   decreased function, or both, and you can see that

 13   with decreased function due to bony change, due to

 14   soft-tissue change or swelling, or due to

 15   alterations of the normal structures that can lead

 16   to change, some of which you can actually feel or

 17   sometimes even hear when a patient walks in with

 18   crepitance, and the crepitance is actually pieces

 19   of cartilage and bone within the joint space

 20   itself.  We actually call those "joint mice,"

 21   interestingly enough.

 22             Then the other signs that can actually up 
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  1   on physical examination include the asymmetry of

  2   the findings, the involvement of usually the large

  3   joints, something called Heberdens and Bouchard's

  4   nodes, which we'll talk about in a minute, which

  5   are the classic hand involvement of the distal and

  6   proximal interphalangeal joints with actually bony

  7   nodules, hypertrophy of the bony structure there

  8   associated most commonly with decreased joint

  9   space.  Exactly what came first is still debatable.

 10   Bony swelling, some swelling and pain out of

 11   proportion sometimes to the inflammatory findings.

 12             This picture, obtained from the American

 13   College of Rheumatology slide collection, is a

 14   classic example of bony involvement with Heberdens

 15   and Bouchard's nodes of the hand.  Now, someone

 16   asked a question about the non-involved joint in

 17   this construct, and it has already been alluded to

 18   that likely the joints would be affected in some

 19   way, but they may not manifest themselves in this

 20   total manner.  Not everybody has to have

 21   symmetrical disease with this form of presentation,

 22   and why the node is not in this middle finger 
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  1   compares to this fourth finger is entirely unknown.

  2   And why one is more inflammatory than another

  3   without trauma, banging it, or whatever, is

  4   entirely unknown.  So because of that, there's a

  5   lot that's unknown.

  6             Furthermore, you can actually see this

  7   involvement here of the first cup or metacarpal

  8   with what we call squaring and an actual movement

  9   of the joint this way and can lead to significant

 10   alterations in function.

 11             Then there's the imaging technology which

 12   is, in fact, becoming much more robust and mature

 13   with the development of magnetic resonance imaging.

 14   But basically, to date, the standard of imaging has

 15   been X-ray, looking either for the presence of

 16   osteophytosis, which theoretically and

 17   phenomenologically is thought to be biologic

 18   evidence of an attempt to repair, the idea that the

 19   mechanics of what's going on has led to

 20   hypertrophic change and new bone formation.

 21   Exactly whether that's true or not is entirely up

 22   to supposition. 
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  1             Progressive joint space narrowing has

  2   always been mentioned throughout the entire

  3   morning, and it is a surrogate measure, we believe,

  4   of cartilage thinning.  There may be other reasons

  5   for this to be taking place, such as mentioned with

  6   pseudo-widening.  But, in general, most often it's

  7   associated with actual change in cartilage.  And

  8   that's because cartilage is not well imaged by the

  9   X-ray.  It is not dense enough to show up like bone

 10   is.  And, therefore, it's not just space.  There's

 11   not a lot of wasted space in the body.  And it's

 12   not just open space.  It's occupied by something.

 13             But the problem, of course, is that this

 14   joint space narrowing is entirely difficult to

 15   predict.  It is non-linear.  It is believed that if

 16   you take an inception cohort of patients who

 17   actually have an evidence of osteophytosis and you

 18   actually study them over a several-year period--and

 19   there are several databases now to show this--only

 20   a small percentage, less than 10 percent, will

 21   within a two-year period show rapid change, such

 22   change enough to warrant a clinical study.  By far, 
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  1   the majority of the patients will have a slow

  2   progression and may not show enough change within

  3   two years to actually show a difference in a

  4   therapeutic intervention that might actually

  5   inhibit joint space narrowing.

  6             So unless we can figure out some

  7   methodology to identify those patients who are

  8   going to have rapid change propensity, we're going

  9   to have a very difficult time studying that patient

 10   population for disease modification.

 11             Then the idea of change in the subchondral

 12   bone has been unbelievably controversial because we

 13   don't know whether it's causal, so that if there

 14   are microfractures or there's edema, whatever that

 15   is, or if there is some other form of change such

 16   as localized osteoporosis due to the low-grade

 17   inflammation or disuse or change in weight-bearing

 18   or change in the function of the joint, that might

 19   lead to these microfractures and a change of

 20   transmission of forces, which then might lead to

 21   more forces being sustained on the cartilage, and

 22   might lead to new cartilage change.  We don't know 
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  1   if it's a causal event or it's a response to change

  2   in the cartilage.  But when it's present, it

  3   clearly identifies a person who will have a

  4   moderate to mild inflammatory process that could be

  5   considered osteoarthritis.

  6             So these are X-rays that show the example

  7   of what we've just talked about with increased bony

  8   sclerosis in the subchondral bone, joint space

  9   narrowing, as well as the development of

 10   osteophytosis, as well as some cysts that are

 11   considered important for association with

 12   osteoarthritis and malalignment.

 13             So the imaging has been more sophisticated

 14   now with MRI, much more expensive; it's able to

 15   provide a 3D image of the joint as an organ, much

 16   better than the 2D image presented by X-rays.  It

 17   also can help us understand this joint space that,

 18   prior to this, by X-ray is not clearly understood.

 19   And we can actually get an approximation of the

 20   volume of cartilage.  So, therefore, in the future,

 21   I may be up here, if you ever invite me back,

 22   talking about this issue of cartilage volume rather 
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  1   than joint space narrowing, a much more

  2   quantitative way of looking at this change.  And it

  3   may be more indicative of the real effect of

  4   osteoarthritis.  It may be able to identify early

  5   change in cartilage metabolism, and Dr. Felson and

  6   others were some of the first people to identify a

  7   change by MRI in the subchondral bone that

  8   initially was called bone edema, and now we know is

  9   not, and is probably related somehow a significant

 10   change in bone metabolism related to perhaps the

 11   inflammation going on in cartilage in that joint

 12   and perhaps related to the transmission of forces

 13   and perhaps something related to a change within

 14   the bone itself, perhaps due to microfractures or

 15   other change that's been induced by the change in

 16   cartilage.

 17             We've also heard comments about

 18   biochemical markers.  Well, I actually spent 15

 19   years at the bench at Harvard studying biochemical

 20   markers, and I got out of it because I didn't see

 21   any future in it--not to suggest there may not be a

 22   future in it, but I certainly couldn't justify it 
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  1   at that point in time.

  2             In that context, there's plenty of sources

  3   for markers, because I've mentioned to you,

  4   although Type II collagen is predominantly in

  5   hyaline cartilage of the joint, there are other

  6   sources of Type II collagen; and, thus, epitopes

  7   that are related to synthesis or metabolism of Type

  8   II collagen may be sourced elsewhere besides the

  9   joint.

 10             If, in addition, the joint is only

 11   affected in one place in the body, how do we know

 12   that what we're measuring that's systemic has

 13   anything related to that particular joint unless

 14   we're just measuring something in the joint fluid

 15   related to that joint?  So it could be in the joint

 16   tissue or fluid, and you might find synthetic

 17   products of the components of the joint or products

 18   that reflect metabolism of the components of the

 19   joint.  It could be found in blood circulating in

 20   serum, and it could be products of cartilage

 21   turnover, but which cartilage and from where and

 22   why? 
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  1             It could be found in urine, and ideally

  2   that would be a nice way to do that.  I did spend a

  3   lot of time doing that for bone, and there still

  4   isn't a blood or urine test for the diagnosis of

  5   osteoporosis.

  6             The products of cartilage metabolism which

  7   are cleared by the liver or elsewhere, perhaps by

  8   the kidney, from the serum and then possibly

  9   further processed and then excreted in the urine.

 10   Obviously, this is a very promising way to go, but

 11   very frustrating.  The biochemical markers are not

 12   yet adequate for diagnosis of osteoarthritis.  It

 13   isn't yet adequate for identifying patients at risk

 14   or measuring outcomes, but they may be useful in

 15   exploratory studies, perhaps more so if we make

 16   them more robust.  They may help identify at-risk

 17   or resistant patients, but not yet.  They may help

 18   compare therapies, but not yet.  They may help

 19   patients and doctors select and monitor therapies,

 20   but not yet.  And it may help assess efficacy, it

 21   might be a surrogate endpoint, but not yet.

 22             So what is an early marker versus what is 
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  1   a surrogate?  You've heard a lot of comments about

  2   this.  Having been at the agency, I'm going to give

  3   you the definition of that, not because I continue

  4   to be responsible for what the agency says, but

  5   nobody had to check my slides, so I can be pretty

  6   clear about what the agency actually says.

  7             A biomarker--biological marker--or imaging

  8   marker is a characteristic that is measured and

  9   evaluated as an indicator of normal biologic

 10   processes, pathogenic processes, or pharmacologic

 11   responses to a therapeutic intervention.  It's

 12   important to remember that a clinical endpoint--I

 13   know you're going to know this, but, nonetheless,

 14   it's important to remember that it's a

 15   characteristic or variable that measures how a

 16   patient feels, functions, or survives.  So,

 17   therefore, we're really talking about an

 18   intervention that might change someone's life, not

 19   just changing somebody's X-ray.  It has to be

 20   symptomatically based.  So a VAS scale for pain; a

 21   functional outcome in osteoarthritis such as a

 22   WOMAC or a HAQ; a patient global assessment.  In 
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  1   all ways, how has this therapy affected you in the

  2   last 24 hours?

  3             A surrogate endpoint is a marker that is

  4   intended to substitute for such a clinical

  5   endpoint.  So a surrogate endpoint, according to

  6   Bob Temple in 1995--and Bob Temple, for those that

  7   don't know, is the doyen of the FDA.  Basically, a

  8   surrogate endpoint of a clinical trial is a

  9   laboratory measurement or a physical sign used as a

 10   substitute for a clinically meaningful endpoint

 11   that measures directly how a patient feels,

 12   functions, or survives; changes induced by a

 13   therapy on a surrogate endpoint are expected to

 14   reflect changes in a clinically meaningful

 15   endpoint.

 16             Well, unfortunately, we have no surrogate

 17   markers in the context of osteoarthritis, and, in

 18   fact, if someone was to ask me whether we actually

 19   have any surrogate markers in any rheumatic

 20   disease, I will tell you not.  And I have had a lot

 21   of involvement in thinking about those in other

 22   diseases besides osteoarthritis.  What we're left 
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  1   with are clinical endpoints, and those clinical

  2   endpoints are the definition of a therapeutic

  3   response.

  4             So I have actually been asked by the

  5   people at the FDA to answer specific questions that

  6   were posed to me as it relates to what you are

  7   considering based on what I've just presented.  And

  8   I haven't even gone into the variability of an

  9   inception cohort versus a progressive cohort--the

 10   variability, as mentioned this morning that Dr.

 11   Felson said, about the differences in the risk

 12   factors associated with incident disease versus

 13   progressive disease.  And that's because they are

 14   not yet totally understood or defined, and only

 15   people at Dr. Felson's level actually deal with

 16   them at this point in time.  We don't know that

 17   Vitamin D actually truly plays an important role in

 18   progressive disease is osteoarthritis.  And we

 19   really don't know what the role of obesity is from

 20   a causality point of view.  But we do know

 21   associations.

 22             So what valid modifiable risk factors or 
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  1   surrogate endpoints are there for predicting the

  2   risk of developing osteoarthritis in humans?  I

  3   gave you a list before of those risk factors as we

  4   understood them, and one example is obesity.  This

  5   gives us a clear opportunity to enrich a study with

  6   more chance of having progressive disease by

  7   recruiting patients who are obese, and that has

  8   been shown by Ken Brandt's study of the

  9   metalloproteinase inhibitor, and that is shown by a

 10   recently publicized trial that failed of

 11   bisphosphonate in the treatment of progressive

 12   osteoarthritis as measured by X-ray outcome.

 13             So, clearly, we can do something with the

 14   obese population and understand more about how to

 15   study a population by including obese patients.

 16   But, unfortunately, would I use it as a surrogate

 17   endpoint?  No.

 18             The other problem, of course, is what I

 19   mentioned, the low percentage of patients with

 20   progressive disease without evidence of actually

 21   incident or incipient disease.

 22             So now what valid modifiable risk factors 
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  1   or surrogate endpoints are there for predicting the

  2   risk of developing osteoarthritis in humans?

  3   Again, we know something about risk factors,

  4   patients with repetitive use syndromes, patients

  5   who are obese.  What do we know about surrogate

  6   endpoints?  Well, joint space narrowing is evidence

  7   of progressive osteoarthritis in most

  8   circumstances, but may or may not be associated

  9   with an important clinical component of

 10   symptomatology.  We've already talked about that.

 11   Other observed X-ray changes are useful for

 12   diagnosis, but are not important by themselves

 13   without clinical symptoms of disease.  So,

 14   unfortunately, really, it's not a surrogate marker.

 15             There are no valid surrogate biochemical

 16   markers at this time, so the answer would have to

 17   be:  What valid surrogate endpoints are there for

 18   predicting the risk of developing osteoarthritis in

 19   humans?  None.  What valid modifiable risk factors

 20   are there?  Several risk factors.  And they're

 21   modifiable, but that's for osteoarthritis as a

 22   disease that's symptomatically defined. 
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  1             The other question asked was:  Are joint

  2   degeneration and cartilage deterioration signs or

  3   symptoms of osteoarthritis?  Well, yes.  In the

  4   absence of another explanation such as ongoing

  5   systemic inflammatory disease or other things,

  6   there is evidence in the context of the symptoms of

  7   osteoarthritis that joint degeneration and

  8   cartilage deterioration is a sign.

  9             Are joint degeneration and cartilage

 10   deterioration modifiable risk factors/surrogate

 11   endpoints for osteoarthritis?  I would say not

 12   generally.  The presence of the above finding are

 13   part and parcel to osteoarthritis.  Joint space

 14   narrowing may be an important way to demonstrate

 15   that a structure-modifying drug may be active, but

 16   if there's to be improvement in the structure, it

 17   would be expected at some time that there might be

 18   a linked improvement in symptoms.  If, in fact,

 19   that would happen, then joint space narrowing or

 20   progressive joint space narrowing might be a

 21   surrogate marker for that, but no one has ever seen

 22   that yet.  And, in fact, as based on the draft 
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  1   guidance document in osteoarthritis, generated by

  2   the FDA in the year 2000, it might be difficult to

  3   prove that.  How long would you wait for a symptom

  4   change would take place in association with change

  5   in joint space narrowing?

  6             So patients present with pain or other

  7   symptoms.  Joint change and cartilage deterioration

  8   in some patients may be associated with pain and

  9   loss of function, but not all patients will have

 10   symptoms in the context of the observed change.

 11   Once a patient has pain, he will likely have

 12   evidence of change.  But not all patients with

 13   change have symptoms, and that it's a spectrum of

 14   disease has already been suggested.  But, in fact,

 15   is it a spectrum of natural degenerative process?

 16   Is it a spectrum of aging?  Is Alzheimer's a

 17   spectrum of aging or is it a disease?  Is lack of

 18   memory all Alzheimer's, or do people who get older

 19   sometimes become forgetful without Alzheimer's?

 20   And it's already been mentioned about LDL, HDL,

 21   hypertension, and other issues.  Complicated.

 22             So without--with, you know, talking about 
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  1   osteoarthritis, you can't finish a talk without

  2   talking about therapy, and I was asked to also talk

  3   about therapy as it stands today.  And basically as

  4   it stands today, it's designed to improve

  5   modifiable risk factors, so you reach ideal body

  6   weight in those that are obese.  I have never

  7   actually achieved that in any of my patients.  And

  8   as you can see, I have not achieved that in myself.

  9   Decreasing body weight probably does provide a

 10   decrease in symptoms.  Do you alter lifestyle

 11   behavior such as associated with overuse syndromes?

 12   Jackhammer operators will tell you that they have

 13   to operate a jackhammer so they can bring food to

 14   their table.  So it's not clear that you can always

 15   achieve that kind of behavior in an overuse

 16   syndrome.  I'm not sure that Dr. Felson is going to

 17   be able to change the Chinese behavior of using

 18   chopsticks.

 19             Now, in addition, we want to make patients

 20   feel better.  We don't have anything that alters

 21   the natural history of the disease.  So we use

 22   palliative therapy to decrease symptoms of pain, 
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  1   leading hopefully to an improved health-related

  2   quality of life that's measurable either through

  3   some health assessment questionnaire or an SF-36 or

  4   other modality in a clinical trial.  And by coming

  5   into the office to see your physician, answering

  6   the question, "How do you feel today?" with "I'm

  7   feeling much better."  That's the inclusive use of

  8   analgesics and anti-inflammatory therapies, use of

  9   assistive devices to unload joints, use of

 10   cognitive behavioral therapy, and use of physical

 11   function and exercise therapy.  There are yet no

 12   proven structure-modifying therapies, although

 13   there is some evidence recently that perhaps using

 14   a metalloproteinase inhibitor such as doxycycline

 15   in the right patient might make a difference, but

 16   that needs to be corroborated by larger studies and

 17   other studies.

 18             I think I'm one of the few people in the

 19   United States or around the world that has actually

 20   participated in a double-blind, controlled trial of

 21   magnets, for example, that's recently been

 22   published.  And, in fact, magnets don't work.  And 
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  1   you'll notice up here that I haven't said what I

  2   mean by analgesic or anti-inflammatory drugs.

  3             I am co-Chair of the Steering Committee of

  4   a group called OMERACT, which is the Outcome

  5   Measures used for Rheumatic Disease Clinical

  6   Trials.  OMERACT has been around for some time, and

  7   it defined what were the core outcome measures

  8   based on consensus that one would use in the study

  9   of osteoarthritis in randomized controlled trials.

 10   And basically what it showed--and by consensus of

 11   several hundred people interested in this field--that

 12   measuring pain, measuring physical function as

 13   opposed to disability, measuring a response to a

 14   patient global question, measuring imaging change

 15   over one year are the key important issues

 16   associated with ascertaining improvement in

 17   osteoarthritis, that biologic markers are way out

 18   here in the periphery, only because they're

 19   experimental as of yet, that the issue of stiffness

 20   is very controversial; that measuring

 21   characteristic markers of inflammation is hard to

 22   know what to do; that perhaps it will be important 
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  1   to look at numbers of flares in an intermittent

  2   process; perhaps it's important to think about a

  3   fundamental and ultimate clinical outcome of

  4   altering the time to surgical replacement or other

  5   form of surgical procedure; and then perhaps also

  6   concomitant therapy where you use two or three

  7   therapies together and you measure the effect of an

  8   anti-inflammatory, an analgesic, based on how much

  9   rescue analgesic that they may use.

 10             I have chosen to show you two different

 11   bits of data about where benefit lies and how much

 12   benefit a patient might see in a clinical trial

 13   using anti-inflammatory drugs.  In 1991, Ken Brandt

 14   and others, in an article in the New England

 15   Journal, suggested that acetaminophen should be the

 16   first-line therapy, up to 4000 milligrams a day, to

 17   treat these patients for symptomatic

 18   osteoarthritis.  Many of us have felt that with the

 19   evolution of an understanding that this is an

 20   inflammatory process, that that may not be enough.

 21   So this is actually a slide and a study looking at

 22   the use of two different COX-2 inhibitors head to 

                                                               248

  1   head versus placebo over a six-week period in

  2   patients who have flared osteoarthritis.  And what

  3   I show here is not the fact that these drugs work.

  4   I actually show that the placebo works very well in

  5   this process for an acute benefit of pain over a

  6   several-week period.  And, furthermore, the effect

  7   size of what a COX-2 inhibitor or a non-selective

  8   nonsteroidal may attain in this kind of expression

  9   is not overwhelming, that about 35 percent of the

 10   patients get 35 percent better with an anti-

 11   inflammatory/analgesic.

 12             If you look at function--and this is

 13   measured by the Western Ontario and McMaster

 14   Analysis, which is, in fact, what most people use

 15   in determining outcome in osteoarthritis, you also

 16   see that there's a dramatic placebo response, but

 17   based on the size of the trials, there's

 18   statistical significance and change between what

 19   placebo brings to the table versus what is

 20   measurable by a nonsteroidal anti-inflammatory

 21   drug, in this context, selective COX-2 inhibitors.

 22             However, Pincus and others--and I am 
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  1   actually an author on this--have actually shown

  2   some very interesting evidence in a crossover trial

  3   which has its own problems, which we don't need to

  4   go into.  But basically what they have shown is--and other

  5   people have suggested this as well, Fred

  6   Wolfe and others--that patient preference prefers

  7   the use of anti-inflammatory drugs rather than

  8   simple analgesics alone.  This is actually two--

  9             DR. MILLER:  Dr. Simon, excuse me.  Could

 10   you begin to summarize, please?

 11             DR. SIMON:  Yes, I'm almost done.  There

 12   are two separate trials here, and basically they

 13   show in this context a nonsteroidal versus

 14   acetaminophen versus placebo, that there's actually

 15   much significant improvement with the nonsteroidal-like drug

 16   than the simple analgesic alone; and,

 17   most importantly, that patients clearly appreciated

 18   the effects of the anti-inflammatory drug over

 19   acetaminophen, whether you look at it in the

 20   context against placebo or against the

 21   acetaminophen directly.

 22             So in that context, and in conclusion, I 

                                                               250

  1   think it's important for us to recognize that this

  2   is a heterogeneous disease with not a hell of a lot

  3   of understanding about the biology and where we're

  4   going.  We have a process which is difficult to

  5   quantify, a process that's very difficult to study,

  6   a process where we have no structure-modifying

  7   therapies, that basically what we can really attain

  8   in a therapeutic approach is to make patients feel

  9   better.  How to prevent this process without really

 10   understanding the basic biochemical, biologic

 11   changes that induce it remains elusive.  And

 12   whether or not we will ever be able to answer that

 13   within my lifetime remains unclear.

 14             So thank you very much for the time, and I

 15   appreciate being here.

 16             [Applause.]

 17             DR. SIMON:  Thanks for the clap.

 18             DR. MILLER:  You have friends.

 19             Any comments or questions?  Dr. Krinsky?

 20             DR. KRINSKY:  I feel I'm beating a dead

 21   horse, but you have a slide that says, "A spectrum

 22   of disease, mild disease is still disease and 
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  1   associated with changed joint tissue whether or not

  2   measurable by presently available techniques."  Is

  3   that a cyclic argument that you're presenting to

  4   us?  Because if you can't measure the disease,

  5   you're saying it's still a disease state.  And

  6   could you clarify that for me?

  7             DR. SIMON:  Sure, but remember that I

  8   predicated the whole idea on that it has to be

  9   characterized by symptoms.  So, therefore, anybody

 10   that presents with symptoms, whether they measure

 11   change by any modality, have the disease.  If they

 12   fulfill the characteristic clinical presentation

 13   and in this context, if they have no X-ray or other

 14   changes, it might be a diagnosis of exclusion that

 15   you've ruled out other forms of arthritides.  And

 16   for those that don't know, there are about 100

 17   other forms of arthritis besides osteoarthritis.

 18   And the diagnostician has to then utilize the best

 19   characteristics of taking a history and performing

 20   a physical exam.

 21             That's the nature of the circular argument

 22   because, without having biochemical or biologic 
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  1   markers that are diagnostic of the disease, we're

  2   only dependent upon our clinical acumen.  Ostler

  3   would be happy.

  4             DR. MILLER:  Dr. Harris?

  5             DR. HARRIS:  Yes, one very quick question--

  6   actually, two very quick questions.  One is

  7   there's no evidence, I assume, that this disease is

  8   familial?  And the other question I wanted to ask

  9   you was:  Have there been any studies that have

 10   looked at an array of factors, such as DNA micro

 11   arrays or proteomics, in evaluating any changes?

 12             DR. SIMON:  Well, the second question is

 13   the easiest one to answer.  In fact, that's what's

 14   going on now.  Dr. Abramson already alluded to the

 15   fact that his laboratory has actually changed its

 16   focus into looking at those particular areas, about

 17   looking at array analysis.  So that's one.

 18             Two, there is clearly a familial behavior

 19   associated with this process.  It's particularly

 20   evidenced by my allusion to hereditary

 21   osteoarthrosis, which are the Heberdens and

 22   Bouchard's nodes that are clearly seen in families 
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  1   and you can actually do demographics associated

  2   with that.

  3             I would suggest that many would argue that

  4   much of the disease is familially defined, and I

  5   suspect we just don't know the extent of how

  6   familial it may actually be.

  7             DR. MILLER:  Dr. Felson?

  8             DR. FELSON:  No critical comment

  9   afterward.  I thought it was a lovely communication

 10   of complexity--

 11             DR. SIMON:  Thank God.

 12             DR. FELSON:  The remarkable complexity of

 13   this.  And I think the committee also needs to get

 14   a sense that we're not so confused, that we don't

 15   have operational definitions of these things.  We

 16   do.  And I think that's perhaps one of the things

 17   we need to talk about briefly because so much of

 18   the questioning has been doesn't everybody have a

 19   little of this, how do you define this disease.

 20   And I think Dr. Simon repeatedly made a very

 21   important point, and the ACR definition of it,

 22   which Dr. Altman chaired the committee for, and a 
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  1   variety of other epidemiologic definitions of it,

  2   including the definition that the Osteoarthritis

  3   Initiative at the NIH is using, require one--are

  4   fairly consistent.  They require frequent pain in

  5   the joint, plus radiographic evidence of disease in

  6   that joint, almost always defined as a definite

  7   osteophyte.  Okay?  And that's the threshold above

  8   which we characterize somebody as having

  9   osteoarthritis.  You'll notice that requires a

 10   combination of symptoms and radiographic findings.

 11             The mild stuff is harder because there's a

 12   lot of people, and perhaps even some in this room,

 13   given the frequency of this disease, who maybe

 14   don't have pain every day or don't have pain on

 15   most days, but have it whenever they go up and down

 16   stairs, which they might not do every day, or when

 17   they play tennis or something like that.  And they

 18   don't, therefore, meet the rigorous criteria we've

 19   just laid out if they don't play tennis every day

 20   or several times a week.  Those people we might

 21   call having mild disease or, you know, something

 22   like that, given the fact that they're not plagued 
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  1   by symptoms all the time.

  2             But I think we do have definitions, I

  3   guess.  You can see that they're an attempt to draw

  4   a dichotomous line, a line in the sand, on what we

  5   all recognize to be a fairly continuous process.

  6   That there--and both elements, both the symptoms

  7   and the structural abnormalities are continuous

  8   here.  There's a little tiny osteophyte in probably

  9   all of your joints somewhere, okay?  And yet the

 10   serious structural disease is present only in a few

 11   of you.  There may be occasional symptoms--I can

 12   tell you I have occasional knee symptoms--in many

 13   of you, but not to the point where we would say

 14   it's beyond that line we've drawn in the sand, that

 15   is, on most days of the past month, for example.

 16             DR. SIMON:  But, David, we draw that line

 17   in the sand to allow us to homogenize our patient

 18   populations for clinical studies.  You would have

 19   to admit that we don't as often draw the line in

 20   the sand when we make a clinical ascertainment

 21   whether someone actually has a diagnosis of

 22   disease.  And that's the dilemma that we have 
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  1   because often our clinical trials, particularly

  2   epidemiologic, are not necessarily extrapolatable

  3   to the mild case without X-ray evidence, but they

  4   have to be studied somehow, and you want to enrich

  5   your inception cohort with the possibility of

  6   change so that you can see it within the window of

  7   opportunity of a clinical trial.  That's the

  8   challenge to know whether clinical trials are truly

  9   naturalistic and, thus, really inform you about

 10   this incredibly heterogeneous process.

 11             DR. MILLER:  Thank you.

 12             Our next speaker is Dr. James Witter, of

 13   the Center for Drug Evaluation and Research at FDA,

 14   to talk on the role of animal and in vitro models

 15   in osteoarthritis risk reduction.

 16             DR. WITTER:  Good afternoon.  I've known

 17   Lee Simon for at least 20 years, and now I've

 18   learned one of the secrets that he was involved in

 19   this trial with magnets, which attributes why he

 20   has this magnetic personality.

 21             I've been asked--and I want to thank my

 22   colleagues at CFSAN--to tackle the issue of in 
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  1   vitro and animal models as they relate to human

  2   osteoarthritis, a somewhat daunting task,

  3   especially considering the audience.  So what I'm

  4   going to try to do today is to give you a bit of a

  5   regulatory bent on some of these issues, so you'll

  6   see some slides that look familiar, but I'll talk

  7   about them in a different way.  The bottom line, no

  8   pun intended, is what I'm going to try and do is

  9   give you some food for thought here.

 10             In particular, what I'm going to try and

 11   do is establish the kinds of like that exist to the

 12   human situation and how solid these links are.  So,

 13   for example, should some of these lines be drawn

 14   with dashes?  Should they be making circles?  And I

 15   want to make you aware of something that we haven't

 16   really talked about yet so far.  For example, when

 17   we talk about animals, I've had the privilege of

 18   working with colleagues at the Center for

 19   Veterinary Medicine here at FDA, and one of the

 20   first times I went over there and gave a

 21   presentation, because I talk also about pain and OA

 22   with that group, is they reminded me--actually 
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  1   reminded me that the animals that they take care of

  2   are their patients, which is something to remember.

  3   So they actually refer to them as "companions" and

  4   the person that brings them in as "clients."  So I

  5   think we need to always keep in the back of our

  6   mind the distinction, potentially, when we're

  7   referring to animals.  Are they companion animals

  8   or are they animals that are used in experimental

  9   models?

 10             Then we talk about histology cells,

 11   enzymes.  What are the links, how strong are the

 12   links?  And I'll wander off a bit into some

 13   discussion of surrogacy because that really is, in

 14   essence, what we're trying to get at when we talk

 15   about links.

 16             This is a very complicated issue, as

 17   you've heard.  OA sounds simple on the surface, but

 18   I think you've gotten today--and you'll probably

 19   hear it from me again--that there are more

 20   questions than answers.

 21             About four years ago, a little over four

 22   years ago, I had the privilege of being involved in 
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  1   the Osteoarthritis Initiative, and I gave one of

  2   the opening--it was, in fact, the opening

  3   presentation, and this was one of my slides that I

  4   showed right off the bat:  There are currently no

  5   FDA-approved therapies that alter joint structure

  6   in OA.  And that is still true today.  And I think

  7   that is, in essence, also true for our animal

  8   companions, for the most part.

  9             So the thrust of that presentation at that

 10   point in time was that this needs to be changed.

 11   We need drugs out there, we need therapies out

 12   there, and that still is the case.

 13             So when we refer to human OA, I just want

 14   to--and you've seen some of this already.  I just

 15   want to make a few points.  There are some

 16   estimates out there that, you know, it has a huge

 17   economic impact.  It attributes for a large number

 18   of lost work days, either due to pain or loss of

 19   function; that there are a lot of people that have

 20   this, estimates here, for example, of 12 percent.

 21   The literature in the animal sphere suggests maybe

 22   it's even 25 percent of dogs, for example, have OA. 
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  1   Results, in one estimate, in upwards of half a

  2   million replacements either of knees or hips in a

  3   year or so.  It's a big problem.  And this was a

  4   slide that I don't know where I borrowed the number

  5   from, but it's obviously, in terms of marketing

  6   aspects, a huge market.

  7             So what are some of the questions then

  8   that are raised in general and might be raised as

  9   we think through and think about some of these

 10   risks and links?  For example, is OA an inevitable

 11   part of aging?  Well, there are certain people that

 12   think that certain joints in most people remain

 13   normal way into old age.  So the answer to that

 14   seems to be, at least depending on what joint

 15   you're talking about, no.

 16             What is the etiology of OA?  And it's

 17   likely, as we've heard today, multifactorial and

 18   involves genetic aspects, developmental aspects.

 19   But something I'd like to concentrate on just for a

 20   bit today are the concepts of overuse--and we get

 21   into discussions, I think, of acute and chronic

 22   trauma in that regard--and then also the issues, 
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  1   amazingly, of underuse, which can be something that

  2   can lead to atrophy, which I'll talk about a bit.

  3             Something that hasn't been discussed so

  4   far is this concept of primary or idiopathic OA

  5   versus secondary.  And as it suggests, primary is

  6   the cause is unknown; secondary may be related to

  7   overuse, for example.  So another feature to keep

  8   in mind as we look for these links, or lack

  9   thereof.

 10             FDA and CDER have a draft guidance out.

 11   It was first published in 1999.  Here's the website

 12   for any of you that may need it.  And this guidance

 13   is, to a large part, based upon the conceptual

 14   model, I think, that Dr. Simon presented, and I'd

 15   just like to reintroduce this just to make a few

 16   extra points.

 17             As you read the document, it's based upon

 18   the idea that, you know, biochemical changes

 19   results in structural changes, and then this pain

 20   starts to show itself, and that is, in fact, when

 21   somebody has the clinical diagnosis of OA.  And it

 22   also leads to functional limitations.  Dr. Simon 
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  1   has pointed out reduced quality of life and

  2   potentially, in the right patient, surgical

  3   replacement.  Now, these with the asterisks here

  4   are all important outcomes to any particular

  5   patient, which is then important to us, because

  6   these are something that we can give approval for

  7   for a drug, for example, if you improve these.

  8             Which leads me then to the discussion for

  9   a bit of surrogate approval, and were you to pick

 10   out and make the mistake maybe of reading the Code

 11   of Federal Regulations, going to 314.510, you would

 12   see, as has been alluded to already, that FDA may

 13   grant marketing approval for a new drug product on

 14   the basis of adequate and well-controlled trials

 15   establishing that the drug product has an effect on

 16   a surrogate endpoint--so this is then finally

 17   referred to as the surrogate approval or Subpart H

 18   mechanism for getting on the market--that is

 19   reasonably likely, based on epidemiologic,

 20   therapeutic, pathophysiologic, or other evidence,

 21   to predict clinical benefit or on the basis of an

 22   effect on a clinical endpoint other than survival 
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  1   or irreversible mortality.  Quite a mouthful.

  2             Again, some of this was covered by Dr.

  3   Simon, but the way that surrogate endpoint is

  4   classically defined is that it's an endpoint of a

  5   clinical trial that defines a laboratory

  6   measurement, for the most part, or a physical sign

  7   used as a substitute for something that is a

  8   clinically meaningful endpoint that measures

  9   directly how a patient feels, functions, or

 10   survives.  Remember those asterisks that I showed

 11   you before.  The idea then is that changes in any

 12   kind of therapy on a surrogate endpoint would be

 13   expected to reflect changes in the clinical

 14   endpoint as well.  This is only valid if the effect

 15   on the surrogate leads to a clinical benefit.  So

 16   we struggle a lot in trying to come up and

 17   understand these relationships on the drug side.

 18             So it's probably safe to say then that

 19   surrogate endpoints can be candidates for drug

 20   approval.  There certainly are some out there.  But

 21   biomarkers do not have the same regulatory

 22   implication.  So a biomarker, if it's doing its job 
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  1   properly, will at some point be a surrogate, but

  2   not all biomarkers are surrogates.  And this slide

  3   just simply reinforces that idea that there is this

  4   overall hierarchy leading to--which is what we're

  5   most concerned about, is some kind of a clinically

  6   meaningful outcome.

  7             So if you look at the draft guidance for

  8   OA, there is a discussion that joint space

  9   narrowing--as Dr. Simon has already discussed

 10   briefly, is that joint space narrowing is viewed as

 11   a surrogate for structural changes, whatever that

 12   means.  We generally ask that the trials be at

 13   least a year in length and that you also measure

 14   pain, patient global, various kinds of patient-reported

 15   outcomes, and then the issue of whether or

 16   not structure itself can stand alone, so let me

 17   just talk about that for a bit.

 18             Actually, it is described in the guidance

 19   that were a therapy, whatever it may be, if it were

 20   possible to actually normalize the X-ray, that that

 21   could stand along as a claim.  You wouldn't need to

 22   have any other evidence.  Similarly, we talk about 
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  1   the fact that if you were to improve the joint

  2   space narrowing over baseline, this would also

  3   probably be a stand-alone claim because that would

  4   suggest that there was new or regrown "physiologic"

  5   cartilage.  And I think there's been some

  6   discussion about normal versus abnormal cartilage

  7   in that regard.

  8             If you were to slow the joint space

  9   narrowing by a clinically relevant amount, then we

 10   would have a discussion about whether or not there

 11   was enough evidence that you would need some

 12   symptom evidence with that and, in fact, would you

 13   need some Phase IV studies to kind of help us

 14   understand what that meant.  And if you can't

 15   define what a clinically relevant amount is for us,

 16   then you would definitely have to establish some

 17   kind of a link to a clinical benefit, and that's

 18   when joint space narrowing is then functioning as a

 19   true surrogate.

 20             So this slide, as you just saw before, I

 21   just want to make a little different twist to this.

 22   In the matrix of hyaline cartilage--in particular, 
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  1   this is hyaline cartilage--a lot of the thinking

  2   has revolved, at least as I understand it, that

  3   there's an important distinction to be made between

  4   collagen and the surrounding matrix in the sense

  5   that using this building as an analogy, were one to

  6   go at the drywall, for example, the walls, you

  7   could easily patch that if there was a problem.

  8   But were you to start taking down some of the

  9   actual steel beams and supporting structure, that's

 10   an entirely different issue.  And so I think part

 11   of the discussion that we always keep in mind is,

 12   you know, what are we talking about here?  Are we

 13   looking at something where the Type II collagen,

 14   for example, has been altered, and maybe

 15   irreversibly altered, versus looking at

 16   proteoglycans and glycosaminoglycans.

 17             I won't belabor on this slide anymore.

 18   It's been discussed.  I just want to make a point

 19   or two here.  As you look down, I've just listed

 20   that, as we all know, the hemo cartilage is

 21   primarily water.  Chondrocytes swim, in essence, in

 22   this kind of water with matrix.  The matrix 
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  1   consists of several different things.  One of the

  2   things that has always impressed me is, for

  3   example, looking at glycosaminoglycans is

  4   chondroitin sulfate, the 4 versus 6 positioning on

  5   the sulfate.  And when I was doing one of my post-docs with

  6   Robin Poole up at the Shriner's Hospital

  7   in Montreal, we were raising monoclonal antibodies,

  8   and it always impressed me how an antibody, how the

  9   body could pick out a 4 versus a 6 sulfation

 10   pattern exquisitely, I think pointing out the

 11   complications and the intricacies of what goes on

 12   at all levels.

 13             So you have, again, seen this slide, and I

 14   just want to re-emphasize the point that cartilage,

 15   particularly hyaline cartilage, is really thought

 16   to be aneural, avascular, and alymphatic.  So even

 17   if it's broken, it probably can't hurt.  And so

 18   that brings us, as we've matured, I think, over the

 19   last couple of years, that the joint really should

 20   be viewed properly more as an organ and not just

 21   looking at hyaline cartilage, for example.

 22             So let me just talk for a bit about some 
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  1   of the issues surrounding joint space narrowing

  2   from the human perspective that might help you

  3   understand some of the other--the animal setting,

  4   for example, and there's been allusions to this,

  5   but let me just talk about it for a bit.

  6             When you take X-rays of knees, there are

  7   various things that you can do, and one of the

  8   things that you can do is just stand there, as you

  9   see in the first slide, extended, and that has been

 10   how some trials in the past have been done and

 11   criticized for that.  So there's been a major

 12   effort over the years to try and standardize taking

 13   an X-ray.  It seems pretty obvious, but it's

 14   actually quite challenging.

 15             One of those is the middle one, which says

 16   semi-flexed fluoroscopy, so in this instance, what

 17   you do is have the patient stand there and you use

 18   fluoroscopic techniques to actually position the

 19   joint, in particular, the posterior to anterior

 20   medial aspect of the tibia plateau so that it's

 21   parallel to the beam.  And there has been an

 22   immense amount of work that's been done to 
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  1   standardize this.  So even taking something as

  2   simple as an X-ray isn't that easy.  Imagine doing

  3   this in an animal.

  4             So there are, as I have been discussing,

  5   issues in terms of standardization for X-rays, the

  6   idea that conventional X-rays are not reproducible,

  7   so the solution has been this Buckland-Wright

  8   technique, which I've just been describing, where

  9   you, in fact, can use magnification and use

 10   software to kind of analyze these things.  But when

 11   you think about it, it actually kind of creates

 12   another issue.  Yes, you have been very diligent in

 13   producing some results, but now can you reproduce

 14   these in the clinic?  How many clinics take the

 15   time with patients to actually go through this

 16   procedure to find out who would be a candidate to

 17   take the therapy, whatever the therapy may be?  So

 18   it's an interesting conundrum.

 19             So let's turn to in vitro considerations,

 20   the topic that I was asked to talk about.  And I

 21   won't dwell on this too long because I'm sensitive

 22   to time.  But, you know, if you're going to do an 
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  1   in vitro approach, there are certain very important

  2   considerations.  We've heard that the chondrocyte

  3   is a very important cell.  It's an often overlooked

  4   cell.  It's kind of maybe the Rodney Dangerfield

  5   of, you know, "no respect" kind of cells.  But it

  6   has a very important job.  It maintains its matrix.

  7   It has to respond to its environment.  It has to

  8   keep things in an equilibrium.  And so it's very

  9   sensitive to feedback because it has to go through

 10   anabolic phases to produce proteoglycans and

 11   glycosaminoglycans, for example; it has to destroy

 12   its environment, so it has to go through catabolic

 13   phases, where it secretes things like matrix

 14   metalloproteinases, which I'll talk about in a bit.

 15             These ideas are what have been used for a

 16   long time, but not as successfully as many would

 17   like, to kind of get at the issue of can we use

 18   what happens to the chondrocyte as it's responding

 19   to tell, number, one, what's going on.  Is it in a

 20   catabolic or an anabolic phase?  And do we change

 21   that with therapy?  Are we getting, for example,

 22   more anabolic responses with something? 
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  1             Then the in vitro, whatever the situation

  2   is, has to really, you know, kind of address the

  3   issues of cell-cell contact, cell-matrix

  4   interactions.  It should really talk about, you

  5   know, and address the issues of loading stresses

  6   because, as we've heard, that's one of the ways

  7   that joints get their nutrition.  It's by the

  8   constant loading and unloading as we walk along so

  9   it doesn't have its own blood supply.  That needs

 10   to be taken into account.  And even something as

 11   seemingly innocuous as temperature, for example,

 12   you know, core body temperature is 37, but there

 13   are estimates that at the ankle joint the

 14   temperature is 29 degrees.  So what was the

 15   temperature where these in vitro systems were

 16   conducted?

 17             So I'd just like to take one instance

 18   here, and I've kind of put together an in vitro and

 19   an animal with something that was in Biochemical

 20   Journal last year and just simply summarize some of

 21   the results which I think raise some of the issues

 22   which we're discussing today. 
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  1             They point out in this paper that without

  2   glucose, glucosamine can certainly act as a sole

  3   source of glycosaminoglycans for the cell.  But

  4   they go on to point out that when they add glucose

  5   to their system, it acts as a strong competitive

  6   inhibitor to the utilization of glucosamine to

  7   produce glycosaminoglycans, which is a problem.  So

  8   you have to figure out how much glucose then do you

  9   have versus how much glycosaminoglycan in whatever

 10   system you have.

 11             When you look at the glucosamine itself,

 12   these particular authors found that it didn't

 13   really stimulate production of GAGs.  In fact, at

 14   the higher concentrations, it seemed to actually

 15   produce less GAGs, which seems to be a paradoxical

 16   result, but as we deal with surrogates on the drug

 17   side, we've certainly seen that certain surrogates

 18   do not do what they're supposed to do.  In fact,

 19   some surrogates are dead wrong.  But that's where

 20   the clinical trials can come in and help answer

 21   that.

 22             So this particular paper goes on and 
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  1   discusses issues about, you know, what are the

  2   likely levels of glucose or glucosamine in an

  3   environment and, you know, how can things get

  4   there.  It has to go through--you know, the best

  5   way to a joint is through the mouth.  So it has to

  6   go through the stomach, bloodstream, synovial

  7   fluid.  You know, is it even feasible that things

  8   can happen?  We've heard a bit of that discussion

  9   today.  But I think what this does is points out

 10   some of the cautions that we need to always have in

 11   the back of our mind as we interpret in vitro

 12   results as they might apply to a human situation.

 13             Turning then to animal model

 14   considerations, I'd like to focus for a bit on the

 15   issue of pain because, as we heard about, pain is

 16   what really makes the human OA what it is versus

 17   just some structural changes.  But it's also very

 18   important for animals, and I'll talk about that in

 19   a second.

 20             Other considerations are the various

 21   interventions which I'll talk about; the species

 22   differences, does the animal walk on four versus 
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  1   two legs; differences in biochemistry; and then

  2   differences in underuse, which I'll talk about in a

  3   bit more detail.

  4             So, pain.  It's a four-letter word.  We

  5   spent two days talking about this, almost two years

  6   ago already--I'm amazed.  It took that long, and we

  7   could have talked easily for two more days.  Pain

  8   is a very, very complicated topic, and I'm in the

  9   Division of Analgesics, so I can attest that it's

 10   complicated.

 11             Now, when we talk about pain in terms of

 12   humans, one of the things that's very important, I

 13   think, to remember is that in human OA pain is

 14   studied and addressed and discussed directly by the

 15   patient.  You ask the patient and they tell you.

 16   And we have, as you've seen--and I'll talk about a

 17   bit more--we utilize, for example, the WOMAC for

 18   lower extremities.

 19             In an animal setting, however, this has to

 20   be done indirectly, and quite often it's done by

 21   veterinarians, for example.  So in a chronic

 22   setting, they might look for lameness, which is an 
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  1   issue looking at function.  Or in a more acute

  2   setting, they might look, for example, is the

  3   animal vocalizing?  What are his or her behaviors?

  4   Eating, activity level?  And, in fact, they even

  5   talk about physiologic changes that may occurs in

  6   terms of, for example, pulse or blood pressure.

  7   But this is a very important distinction because

  8   it's difficult to get at the issue of pain then

  9   because you can't get at it directly.

 10             So were you to come to our division and

 11   you wanted to be approved for the treatment of

 12   osteoarthritis for treatment of signs and symptoms,

 13   we would ask you to look at the following three co-primary

 14   endpoints:  pain, a functional assessment,

 15   a patient global.  And we would ask that these

 16   trials be done at least for three months.

 17             We would encourage you to employ the WOMAC

 18   pain index.  As you can see here, it has pain--it's

 19   not just a simple question, How is your pain?  It's

 20   actually five questions, and as you can see, they

 21   ask different kinds of questions:  pain walking on

 22   a flat surface versus pain lying versus pain 
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  1   standing and at night.  And I think this gives us a

  2   richer idea because we still don't understand in

  3   terms of what causes directly pain in any

  4   particular joint.  This gives us a bit of a more

  5   robust assessment to what's going on when somebody

  6   says they have pain.

  7             Now, turning then directly to the animal

  8   models, I just made a few slides to list a few

  9   things here to make some points.  So there are, for

 10   example, chemically induced models where you intra-

 11   articularly inject things like iodoacetate or

 12   enzymes like papain, chymopapain or collagenase.

 13   What you're really trying to do here and I think

 14   the thinking has been to create some kind of a

 15   toxic situation to the cell.  You may induce, for

 16   example, some kind of inflammation.  You're trying

 17   to set up a system that you can study.  I think

 18   that there is a general movement away from these

 19   kinds of setting recently because they are, to some

 20   extent, maybe not really very reproducible and

 21   don't really tell us much about the situation

 22   either in humans or animals. 
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  1             There are then more--the models that have

  2   been studied in a bit more detail, as far as I can

  3   see, are those that are physically induced:  the

  4   anterior cruciate ligament transection model, for

  5   example, using either one or both knees in the dog

  6   or the rabbit--Dr. Altman had talked about this,

  7   for example--or the meniscectomy models in the

  8   rabbit and guinea pig; immobilization in rabbit or

  9   dog; or the patellar contusion model in rabbits.

 10   I'll talk a bit more about one of these in just a

 11   second.

 12             Then there is something here that I have

 13   listed as spontaneous models of OA, and this seems

 14   to be where things are generally going in the field

 15   because it maybe mirrors better the situations that

 16   we're dealing with today.  So, for example, the

 17   Hartley guinea pig many feel gets at the issues of

 18   age and obesity better, and then what I've listed

 19   here as genetic approaches.  There are some that

 20   have been studied that have unidentified genetic

 21   defects, whereas others have been actually targeted

 22   in, for example, in Type II and Type IX collagen.  
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  1   And then I guess I would argue that the hip

  2   dysplasia in dog is also a genetic model because it

  3   seems to follow in more pure-bred versus mixed-bred

  4   animals.  Again, I think this is really where these

  5   animal models are going these days.

  6             So let's just talk for a second about the

  7   cruciate-deficient dog model and some of the

  8   lessons that we seem to have learned from this

  9   setting.  One of those is that chondrocytes can

 10   repair their damage, as we've heard about, and this

 11   leads to hypertrophic cartilage with increased

 12   glycosaminoglycans.  This seems to be true in

 13   humans, in rabbits, and in Rhesus monkeys, for

 14   example.  There is also this idea of what's been

 15   called neurogenic acceleration where you take and

 16   you actually do a dorsal route ganglionectomy, for

 17   example, to accelerate the damage so that you get

 18   more observable damage during your trial period.

 19   But there are many that feel this is not a good

 20   representation for, again, consideration of a

 21   primary or idiopathic OA.  And some of the

 22   arguments go that, you know, the homeostatic phase 
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  1   of this hypertrophic repair, if you use just the

  2   neurogenic acceleration versus just a cruciate

  3   ligament it's different.  So you're really looking

  4   at kind of different things, and it's hard to make

  5   comparisons.

  6             Then as I talked about and alluded to

  7   earlier, the importance of periarticular muscle, if

  8   you immobilize the joint, this can lead to atrophic

  9   changes of glycosaminoglycans.  To what extent this

 10   may mimic, for example, what Dr. Brandt often talks

 11   about is quadriceps weakness in elderly women and

 12   that, in fact, this may be in and of itself a

 13   predisposing condition to human OA, not a result

 14   of.

 15             So I'd just like to give a short example

 16   here of something.  This is just such a colorful

 17   slide, I couldn't, you know, not put it in.  It

 18   just points out--this is a slide showing the

 19   various domains of the matrix metalloproteinase

 20   family.  It's not meant to be complete.  It's just

 21   meant to show that there are several members to

 22   this family.  And so there have been efforts over 
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  1   the years to go after this as a target with

  2   evidence, for example, that MMP inhibitors in

  3   osteoarthritis, they hydrolyze the relevant kind of

  4   substances that we've been talking about, for

  5   example, the proteoglycans and such, that they're

  6   upregulated by disease mediators, such as we hear

  7   Dr. Abramson in the interleukin-1, for example;

  8   that if you look into in situ hybridization

  9   techniques and immunofluorescence, it seems to be

 10   at the right place where degeneration is occurring;

 11   that you can get actually characteristic signature

 12   cleavage fragments in vivo that can represent this

 13   dichotomy I was talking about before of anabolism

 14   versus catabolism; and that these are blocked by

 15   natural compounds, for example, TMPs, but also by

 16   selective inhibitors.

 17             So one of the things that is important,

 18   again, to remember is that we're not all the same,

 19   we differ.  And as you look, for example, here,

 20   under Collagenase 1, I just listed that as far as I

 21   know--and I would love to be correct, but as far as

 22   I know, there are no similar enzymes in the rodent 
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  1   model of a rat or mouse.  So there are always some

  2   differences between species and humans to be paying

  3   attention to.

  4             There was a trial, some trials a few years

  5   ago where they were looking and utilizing the

  6   rabbit meniscectomy model with therapy which I've

  7   just anonymized here as Therapy X, and it has three

  8   different concentrations.  And they had various

  9   parameters that they were looking at:

 10   fibrillation, fissures, erosions, and global

 11   scores.  And they did the proper kind of experiment

 12   with normal and a sham and then a vehicle control.

 13   And as you can see, as you look particularly look

 14   under the 10 mg/kg/day group, some of the changes

 15   from the vehicle, for example, appear to be quite

 16   dramatic, and, in fact, some of those have reached

 17   significance, as I've indicated here.

 18             If you look in another model, in the dog

 19   cruciotomy, again, with the same low dose and high

 20   dose of this particular therapy, as you look either

 21   at the area of the lesion or a composite assessment

 22   of the lesion, again, the data certainly suggests 
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  1   that at the high dose there is some improvement

  2   here.

  3             Well, unfortunately, these haven't all

  4   panned out.  The idea is that, you know, when you

  5   talk about OA and structure modifiers, the idea is

  6   that you can limit joint damage.  And I think it's

  7   pretty safe to say at this point in time, at least

  8   in human OA, when we look at things like MMP

  9   inhibitors, for example, there's no demonstrated

 10   effect in RA or OA.  Some of these in the

 11   literature, these trials have been stopped because

 12   of safety concerns.  And, interestingly, some of

 13   the problems have related to somewhat unexpected

 14   findings in terms of stiffness and pain in things

 15   like shoulders and hands.

 16             Looking at bone, for example, there were

 17   some discussions briefly here already about

 18   bisphosphonates, and there have been some

 19   suggestions in Phase II trials that they could be

 20   effective, but at the most recent ACR meetings, the

 21   Phase III trials were not shown to substantiate

 22   this.  So my original slide back in 2000 is still 
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  1   true.

  2             So as I end here, I'd just like to bring

  3   up a few points that might be of use for your

  4   consideration, and I've drawn a comparison here

  5   between RA and OA.

  6             In RA, we have many new compounds that

  7   have entered the market, and they have demonstrated

  8   either a clinical benefit before or after drug

  9   approval and structural benefit before approval.

 10   And some of the clinical benefits that have come

 11   later has been looking at longer-term, more robust

 12   endpoints, such as patient's function, for example.

 13             In OA, as I said before, we have currently

 14   in the human setting only drugs for a clinical

 15   benefit, meaning pain reduction, for example.  So

 16   were we to look then at structure modifiers, how do

 17   we approach this?  When, for example, if we look at

 18   a clinical benefit alone, would we want that to

 19   correlate with a structural benefit, before or

 20   after therapy?  And that is, in fact, where the

 21   discussion has come in in terms of looking at these

 22   compounds for what might be a Subpart H type of 
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  1   approval.

  2             Now, I think there's been a lot of

  3   learning that has gone on over the years about

  4   joint space narrowing, and I think we continue to

  5   learn.  I've just illustrated here something to

  6   think about.  For example, I think not too long

  7   ago, it might have been fairly straightforward and

  8   agreed to that there's a trajectory here for

  9   somebody who demonstrates rapid loss of joint space

 10   narrowing versus somebody who's on this kind of

 11   trajectory, which is slow.  But, in fact, it may be

 12   that it isn't quite so simple and that, in fact, in

 13   any individual patient it may be that it's a

 14   combination of these two features.  So that, for

 15   example, somebody may be on a rapid course for a

 16   while, and as we've heard, the body attempts to

 17   make some repairs and, in fact, is successful.  But

 18   then things pick up again.  And as you think this

 19   through, whenever you might take a snapshot with

 20   your X-ray looking at joint space narrowing, one

 21   has to always consider how much this might factor

 22   into the results that you get, or lack of results. 
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  1             One of the ways that we've struggled with

  2   this issue about what should be the endpoint is to

  3   try and come up with something called the virtual

  4   joint replacement endpoint in OA.  And this is

  5   really an effort to kind of standardize development

  6   because we're sensitive to the fact that not all

  7   health care systems across the country and across

  8   the world are the same.  So we've been wondering

  9   with colleagues if we could come up with an agreed-to

 10   standard, a composite endpoint, for example, of

 11   pain function and radiographic endpoints, that

 12   might allow us to look at the time to a virtual

 13   endpoint of joint replacement, again, getting at

 14   this idea of function and--I'm sorry, of survival

 15   as an important endpoint in OA.

 16             So just to wrap up, I think we've gotten a

 17   lot of instances here that osteoarthritis is

 18   considered nowadays to be an organ.  It's a very

 19   complicated organ and much to be learned, but as we

 20   look through here, you'll notice that I've drawn--everything

 21   else has an arrow, for example, going to

 22   pain except cartilage.  So whatever happens in 
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  1   cartilage seems to act indirectly through other

  2   mechanisms to lead to pain, which then leads to

  3   these other clinically important features.

  4   Somewhere down here versus somewhere up here

  5   there's a transition from a biomarker to a

  6   surrogate as it becomes more looking like a

  7   clinical endpoint.  And then we wrestle, along with

  8   a lot of others, in terms of where can we actually

  9   demonstrate these kinds of relationships, these

 10   links, as I've talked about before, and establish

 11   those.  Is it in Phase I, II, or even Phase IV

 12   trials?

 13             I'd just like to end with part of a

 14   sentence from a recent paper from Dr. Brandt.

 15   Although he was talking for the most part about

 16   therapies, I think this is useful for our

 17   discussions today.  He says that, "The validation

 18   of a molecular target in human disease can be

 19   obtained only after positive results are obtained

 20   in Phase II clinical trials in humans."  So I guess

 21   maybe the only way that we really can hit the mark

 22   is to study the mark. 
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  1             Thank you.

  2             DR. MILLER:  Comments or questions?

  3             DR. ABRAMSON:  Steve Abramson.  Jim, I'm

  4   just curious about this surrogate endpoint, the H.

  5   Apropos of Ken Brandt's comment, which I think was

  6   very important, do you envision that there will

  7   ever be a surrogate marker where there hasn't been

  8   good data, at least with a preceding medication for

  9   Phase III effects on that surrogate marker?  I'm

 10   thinking of serological tests in lupus as an--I'm

 11   just trying to think of ways that one can justify

 12   using a surrogate marker when there has not been

 13   good data affecting that marker, gives a good

 14   clinical outcome.

 15             DR. WITTER:  Are you asking just in

 16   general terms?

 17             DR. ABRAMSON:  I'm curious about this H

 18   pathway, especially after all the discussion on

 19   structure modification in osteoarthritis where

 20   there has always been the notion, at least up until

 21   now, about needing to have some symptom benefits.

 22             DR. WITTER:  Right, right.  The essence of 
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  1   a Subpart H approach is that at some point in time

  2   you will have to demonstrate that there is some

  3   clinical benefit, whatever that may be.  And we

  4   have not specified necessarily what that clinical

  5   benefit has to be, for example, if it's pain, if

  6   it's improved function, if it's time to less need

  7   for joint replacements, for example.  But the idea

  8   of surrogates is that you could be approved, on the

  9   market, but validation of that surrogate endpoint

 10   would have to then come with due diligence, with

 11   adequate and well-controlled trials.  There are

 12   caveats here that, you know, a Subpart H track, for

 13   example, might be viewed in simplistic ways as a

 14   quick way to get on the market, but it also is a

 15   quick way to get off the market if things aren't

 16   validated.

 17             I don't know if that answers your question

 18   or not.

 19             DR. MILLER:  Other comments or questions?

 20   Dr. Lund?

 21             DR. LUND:  Just to show my ignorance here,

 22   nobody has mentioned TMJ.  Is there anything in 
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  1   this having to do with jaw and jaw diseases?

  2             DR. WITTER:  Well, I actually work with

  3   Ray Dionne, who is the Dental Institute here at

  4   NIH, and we often wander into the discussion of

  5   TMJ.  It's a very complicated setting, as you might

  6   imagine, and there has been a lot of renewed

  7   interest to look at that as a useful model for OA

  8   in general.  So it has not been overlooked, though.

  9             DR. MILLER:  Dr. Harris?

 10             DR. HARRIS:  I'm not quite sure how to

 11   phrase this question to you, but it's just

 12   something that is very confusing to me, and that

 13   is, when we are talking about the biosynthesis now

 14   of the whole matrix component, we're talking about

 15   many different factors, including the collagen Type

 16   II and then those glycosaminoglycans that you

 17   mentioned the chondrocytes are able to make.  But

 18   do we have any evidence that once we destroy the

 19   collagen we're able to reconstruct the matrix?  And

 20   could that be an irreversible step here?

 21             DR. WITTER:  We have colleagues in the

 22   room that can answer that as well, but my general 
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  1   understanding of the literature is that that is the

  2   case, that once collagen begins that cascade, that

  3   is the beginning of the end for that joint.

  4             DR. LUND:  Does that mean it cannot be

  5   repaired or reversed?

  6             DR. WITTER:  In repair or reverse, yes, I

  7   think that's generally a fair statement.  And then

  8   I think--was it Dr. Lane who had brought it up

  9   before?--this idea of the repair aspects may not

 10   then be the right kind of collagen, that it can't

 11   withstand the stresses and such.  So, you know,

 12   it's--the term has become important.  Although it

 13   may be repaired, it may not be the right kind of

 14   collagen.  It's not laid down properly.  It doesn't

 15   function properly.

 16             DR. MILLER:  Jean?

 17             MS. HALLORAN:  We heard that crystalline

 18   glucosamine is approved as a prescription drug for

 19   treatment of arthritis in Europe.  Is there a

 20   reason why it hasn't been approved in the United

 21   States or can you comment on that?

 22             DR. WITTER:  Probably not.  I'd better 
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  1   not.  There are others that can comment.  I won't.

  2             DR. MILLER:  Okay.  Thank you.

  3             We'll take a break for 15 minutes.  Be

  4   back here at 3:15.

  5             [Recess.]

  6             DR. MILLER:  For the remainder of this

  7   afternoon, we're going to deal with an open

  8   meeting, open public hearing.  Individuals who

  9   wanted to make statements to the committee are

 10   invited to do so, having made a request to the FDA

 11   prior to this meeting.  We have five such requests,

 12   and we will have these individuals in just a

 13   moment.  But I have been asked to read this

 14   statement prior to the meeting concerning the

 15   openness of the hearing.

 16             Both the Food and Drug Administration,

 17   FDA, and the public believe in a transparent

 18   process for information gathering and

 19   decisionmaking.  To ensure such transparency at the

 20   open public hearing session of the Advisory

 21   Committee meeting, FDA believes that it is

 22   important to understand the context of an 
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  1   individual's presentation.  For this reason, FDA

  2   encourages you, the open public hearing speaker, at

  3   the beginning of your written or oral statement to

  4   advise the committee of any financial relationship

  5   that you may have with any company or group that's

  6   likely to be impacted by the topic of this meeting.

  7             For example, the financial information may

  8   include a company's or a group's payments of your

  9   travel, lodging, and other expenses in connection

 10   with your attendance at the meeting.  Likewise, FDA

 11   encourages you at the beginning of your statement

 12   to advise the committee if you do not have any such

 13   financial relationships.  If you choose not to

 14   address the issue of financial relationships at the

 15   beginning of your statement, it will not preclude

 16   you from speaking.

 17             The first presenter is Dr. Jason

 18   Theodosakis of Cargill.  Dr. Theodosakis, you have

 19   seven minutes.

 20             DR. THEODOSAKIS:  Thank you very much.

 21   I'm not with Cargill.  They paid for my trip here.

 22   I'm not an employee of Cargill. 
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  1             Here are my disclosures.  I'm hoping to

  2   have a second page because the more you have, the

  3   less biased you are.

  4             I think the presentations have been

  5   excellent this morning.  I would have changed my

  6   presentation based on what has been presented so

  7   far, but basically I think osteoarthritis is

  8   underestimated.  This is a recent radiographic

  9   study on 55-year-olds and older, mostly women, and

 10   they found 96 percent had radiographic evidence.

 11   So OA is real common.  CDC keeps upgrading the

 12   percentages in the public, and as we get fatter and

 13   more diabetic and older, I'm sure this is going to

 14   increase.

 15             Our current treatment of NSAIDs are not

 16   disease-modifying, and, in fact, as more and more

 17   evidence comes out, the treatment with NSAIDs

 18   appears to be more and more toxic, leading to blood

 19   pressure, congestive heart failure, and possibly an

 20   acceleration of the disease.

 21             Often, people quote the Singh study that

 22   says 16,500 people a year are dying from 
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  1   complications from NSAIDs, but this was published

  2   back in '98.  And if you look at the assumptions,

  3   we have new evidence to say that this number, which

  4   is 45 deaths a day, may actually be quite a bit

  5   higher, especially since we found an interaction,

  6   for instance, between Ibuprofen and aspirin that

  7   may reduce the cardioprotective effect of aspirin,

  8   as well as many other issues.  So I think the need

  9   for this conference is very timely, and I'm glad

 10   that everybody is putting so much effort into it.

 11             The other thing that I saw today is that

 12   this is such a variable disease and so difficult to

 13   study that we really should look at all the data.

 14   And I'm not sure if I agree, but just looking at

 15   Phase III clinical trials, because we have indirect

 16   measures and there's all kinds of problems with the

 17   study which have been well delineated.  But if you

 18   look at the whole data, that's the way to make the

 19   decision.  It could be argued even that animal data

 20   looking at gross and histologic and grading the

 21   cartilage before and after treatment with the

 22   supplements might be a more precise measure of 
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  1   what's happening with the supplements rather than

  2   the indirect surrogate measure of pain and function

  3   scales or even X-ray.

  4             The outcome measures are real interesting

  5   as well, and there are three studies that I've

  6   noticed with chondroitin, for instance, that say,

  7   Hey, what does this do to society?  If in France we

  8   give chondroitin to people, how does this affect

  9   cost?  How does this affect NSAID consumption?  And

 10   the outcome measures are also important.  This

 11   particular study of 11,000 patient records found

 12   that 50 percent of the people that were using

 13   NSAIDs for osteoarthritis were able to stop

 14   completely on 1200 mg of chondroitin, and the

 15   average reduction was 67 percent.  And even though

 16   chondroitin is expensive, the net cost was zero

 17   because there was decreased physical therapy

 18   visits, complications related to NSAIDS and so

 19   forth.  And I believe there are two other studies

 20   that have even better evidence to show that there's

 21   a cost savings.

 22             There's some talk about glucosamine 
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  1   sulfate versus glucosamine hydrochloride, and the

  2   issues I wanted to bring up are the following:

  3   these are salts, and the salts break apart in the

  4   small intestine with a high pH; you have an

  5   uncharged molecule that then can pass through

  6   membranes easily, and this is probably what gets to

  7   the chondrocytes where all the action occurs.  Some

  8   of the early basic science and even the

  9   pharmacokinetic data was done with radiolabeled

 10   glucosamine hydrochloride.  And there are

 11   essentially two studies now that I've noted that

 12   have a comparison between HCL and sulfate, and when

 13   corrected for molecular weight, they were

 14   equivalent in proteoglycan synthesis.

 15   Interestingly, the N-acetyl-glucosamine was not as

 16   effective.

 17             Another study suggested--this is a basic

 18   science study on equine cartilage explants--that it

 19   is indeed the glucosamine and not the sulfate that

 20   is the active component, and glucosamine sulfate

 21   and hydrochloride were similar in terms of the

 22   outcome measures in basic science experiments. 
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  1             Other people point to the negative studies

  2   on glucosamine HCL and say, Hey, we have these

  3   negative studies, that means glucosamine sulfate is

  4   probably more important.  But these studies really

  5   have to be looked at with a grain of salt.  One

  6   study was very short, eight weeks in duration.  The

  7   subjects in the study had a higher level of more

  8   advanced disease, Grade 4 K&L.  And they were

  9   allowed to take NSAIDs ad lib, and so it's sort of

 10   like doing a study on Advil when the people are

 11   allowed to take Aleve with it.  You know, we should

 12   be careful in reviewing those negative studies.

 13             A study by Lou Lippiello looked at animal

 14   histology in rabbits and found that indeed

 15   glucosamine hydrochloride and chondroitin sulfate

 16   both were effective at reducing the lesions in the

 17   rabbits histologically when pre-treated, and the

 18   combination had a better effect than either one

 19   alone.

 20             With chondroitin, the effective dose,

 21   several studies now show 800 mg.  People have said

 22   that, well, it's probably not absorbed so it 
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  1   couldn't be effective.  But there have been

  2   pharmacokinetic studies with it, and you have to

  3   look at all the double-blinded studies.  They're

  4   all positive, in addition to the outcome study

  5   which I earlier alluded to.

  6             The largest study so far, disease-modifying with

  7   either supplement, is 800 mg of

  8   chondroitin sulfate, and this showed not only a

  9   significant difference between the placebo but

 10   minimal joint space actually significantly

 11   increased in the chondroitin group over a period of

 12   two years using flexed X-ray positioning

 13   guidelines.

 14             In summary, I think we look at all these

 15   studies and we have to realize some key points.

 16   You need all of the evidence, not just the placebo-

 17   controlled trials, because of the heterogeneity of

 18   the disease and all the implications in doing the

 19   research.  And we are studying people with primary

 20   OA, and the folks out in the public have a lot of

 21   secondary OA.  I haven't seen any studies of this,

 22   but clinically I've seen the most dramatic response 

                                                               299

  1   in people with crystalline disease, pseudogout and

  2   gout.  You know, it would be great to look at this.

  3             Glucosamine hydrochloride and glucosamine

  4   sulfate and chondroitin sulfate I think would be a

  5   big benefit to the public in reducing overall

  6   morbidity and mortality from our current treatments

  7   and reduce the costs overall of treating

  8   osteoarthritis in society.

  9             Thank you very much.

 10             DR. MILLER:  We have time for one or two

 11   questions.

 12             [No response.]

 13             DR. MILLER:  If not, thank you.

 14             The next speaker is Dr. Gayle E. Lester of

 15   NIH.  You have seven minutes, Dr. Lester.

 16             DR. LESTER:  Thank you.  I appreciate the

 17   opportunity to come to speak today, and I have just

 18   a few comments to make initially about some of the

 19   problems associated with the extrapolation of data

 20   generated from animal models to human disease.

 21             Dr. Witter has really covered this very

 22   extensively in his presentation and has described 
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  1   for you the numerous animal models of OA that

  2   exist, and these include both spontaneous and

  3   induced disease.

  4             While these models present opportunities

  5   to explore changes in articular cartilage and

  6   associated joint structures, each one has its

  7   strengths and weaknesses.  Many agents show

  8   protective effects in animal models, but the

  9   predictive value for human OA remains somewhat

 10   obscure.

 11             Whether or not these models accurately

 12   reflect disease risk factors sufficiently to

 13   indicate prevention and prophylactic actions of

 14   agents really remains to be shown.

 15             In an effort to identify better biomarkers

 16   for OA to help facilitate clinical trials and drug

 17   development and drug discovery, the NIH has

 18   recently launched a large clinical cohort study

 19   that I'm going to spend the rest of my time talking

 20   about today.

 21             The study has been referred to several

 22   times this morning, and I appreciate the 
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  1   advertisement.  I'm the project officer for this

  2   very large contract, the Osteoarthritis Initiative.

  3   The goals of the Osteoarthritis Initiative are to

  4   create a research resource to aid in the

  5   identification and evaluation of biomarkers as

  6   candidates for surrogate endpoints for OA.

  7             The mechanism we chose for this--and this

  8   was done through collaborations.  Dr. Witter, as he

  9   told you, was the introductory speaker for our

 10   first session; Dr. Felson, Dr. Abramson, Dr.

 11   Altman, many people have been involved in this

 12   process over the years--was to develop a

 13   prospective natural history cohort of individuals

 14   with early OA and with risk factors.  So this is

 15   here the definition of what we've been talking

 16   about today.  How do you define when the disease

 17   starts?  And this is what we're hoping to try to

 18   capture in the Osteoarthritis Initiative, the early

 19   phases of osteoarthritis development.

 20             This will be a natural history cohort

 21   study, no treatments, and these individuals will be

 22   followed for five years.  We're going to be 
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  1   collecting clinical information, a WOMAC

  2   assessment, functional assessment, physical exam,

  3   dietary supplements, treatments that these

  4   individuals might be using.  We will have an

  5   extensive database of MR and X-ray images and

  6   biospecimens as well.

  7             This is a public-private partnership that

  8   is funded through government and private partners,

  9   and you can see from this slide that we have many

 10   NIH Institutes involved in this, as well as three

 11   pharmaceutical partners who have chosen to work

 12   with us to move forward the area of biomarkers for

 13   OA.

 14             The particular individual academic centers

 15   involved in this study, the clinical centers are

 16   the Ohio State University under the direction of

 17   Dr. Rebecca Jackson; University of Maryland under

 18   the direction of Marc Hochberg; University of

 19   Pittsburgh under the direction of Kent Kwoh; and

 20   the Memorial Hospital of Rhode Island under the

 21   direction of Dr. Charles Eaton.  All of these are

 22   coordinated under the University of California-San 
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  1   Francisco center run by Dr. Michael Nevitt.

  2             The research resources from the OAI

  3   should, we hope, stimulate basic research on

  4   biomarkers, facilitate drug development through the

  5   identification of biomarkers of disease onset,

  6   identification of biomarkers for disease

  7   progression, which we've heard today may be quite

  8   different, and elucidation of the basic disease

  9   processes and risk factors.

 10             The long-term results from the OAI may

 11   include a more thorough understanding of OA and its

 12   manifestations in at-risk populations; positive

 13   interactive relationships between the parties

 14   involved, that is, companies, academia, and the

 15   government; and more efficient and safe assessments

 16   in clinical trials.

 17             And I'll also mention at this point that

 18   there is also a very large similar study being

 19   carried out under the leadership of Dr. David

 20   Felson, the Multicenter Osteoarthritis Trial, the

 21   MOST study, that will generate similar data.

 22             So although we don't have it now, we're 
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  1   very hopeful that within three to five years there

  2   will be a very rich database, and one of the things

  3   I didn't mention is that this resource will be

  4   public and will be available to investigators

  5   throughout the world for their own investigations

  6   and hypothesis testing and data mining.

  7             I thank you for your attention.

  8             DR. MILLER:  Thank you, Dr. Lester.

  9             Any questions or comments for Dr. Lester?

 10             [No response.]

 11             DR. MILLER:  If not, thank you.

 12             Our next speaker is Dr. Robert Arnot,

 13   network news correspondent, who will explain

 14   mechanical and chemical changes in joints that

 15   evolve from initial joint tissue insults or

 16   injuries to full-blown osteoarthritis.  You have 15

 17   minutes, Dr. Arnot.

 18             DR. ARNOT:  Good afternoon.  I am a

 19   physician.  I am a journalist.  I have reported for

 20   the last 20 years for three different networks on

 21   osteoarthritis as well as a variety of other

 22   diseases, spent the last year and a half in Board 

                                                               305

  1   of Governors with the 1st Marine Expeditionary

  2   Force and various components of the U.S. Army, and

  3   I am glad to be back here in Bethesda, Maryland.

  4             Also, my only financial stake in this is

  5   that I am the author of a book called "Wear and

  6   Tear Arthritis," and I have a very personal stake

  7   in this book.  I wrote it because I was diagnosed

  8   with severe osteoarthritis in my right hip.  I have

  9   osteoarthritis of both of my knees.  And I was on

 10   12 to 16 Advil on a regular basis.  I was unable to

 11   really bend over to play with my then-six-year-old,

 12   unable to play tennis or ski or do any of the

 13   things that I wanted to.  And I really embarked on

 14   a course to see what I could do in terms of

 15   preventing any further deterioration in my own

 16   condition.

 17             Now, we have heard a lot of evidence here

 18   this morning and this afternoon, and it does kind

 19   of tend to pile on.  We in the news media and as

 20   physicians tend to look at one clinical study, one

 21   watershed event, that more than any other really

 22   changes clinical practice.  I know many of you know 
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  1   this study from Lancet, but I just want to very

  2   briefly review it because this is the study that

  3   physicians that I routinely run into at Stanford,

  4   at Harvard, at Johns Hopkins, across the country,

  5   use as their basis for treating their own patients

  6   with osteoarthritis and for trying to prevent those

  7   who may be at risk of osteoarthritis.

  8             Now, as you know, there were 212 patients

  9   with knee osteoarthritis who were randomly assigned

 10   15 mg of oral glucosamine, or placebo, once daily

 11   for three years.  There were weight-bearing X-rays

 12   that were done, anthro(?)-posterior radiographs of

 13   each knee in full extension, taken at enrollment

 14   and then one and three years later, also looked at

 15   symptoms.

 16             Now, what we know if we look here is this:

 17   106 patients on placebo had progressive joint space

 18   narrowing with a mean joint space loss after three

 19   years of 0.31 millimeters.  But look at what

 20   happened in those who were treated.  In those 106

 21   patients, there was a loss of 0.06 millimeters.

 22   That's basically statistically insignificant; in 
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  1   other words, they had little real loss.

  2             When you look at their WOMAC score, the

  3   symptoms worsened slightly in the patients on

  4   placebo, and there seemed to be improvement in

  5   those who had glucosamine.

  6             So, again, this is the study that we

  7   reported on the "Today Show" with Katie Couric.

  8   It's a study that we used on "Dateline NBC," really

  9   is that sort of watershed event.

 10             Now, I think in looking at the problems

 11   before the panel today, the biggest one seems to

 12   have to do with this idea:  Is this a suitable

 13   biomarker or isn't it?  When you look at the loss

 14   of cartilage, I would put to you this is as good a

 15   biomarker as cholesterol or as good a biomarker as

 16   bone density.

 17             I will just read to you--the FDA seems to

 18   have already decided this issue on its website, and

 19   it says that, "The FDA in its tentative conclusion

 20   states that biomarkers are parameters from which

 21   the presence or risk of disease can be inferred

 22   rather than being a measure of the disease itself.  
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  1   In conducting a health claim review, the FDA does

  2   not rely on a change in the biomarker as a

  3   measurement of the effective dietary factor in a

  4   disease unless there is evidence that altering the

  5   parameter can affect the risk of developing that

  6   disease or health-related condition."

  7             Now, this is the case for serum

  8   cholesterol in that high levels are generally

  9   accepted as a predictor of risk for coronary heart

 10   disease.  I would argue it would be pretty hard to

 11   dispute that the losing of cartilage, that the

 12   lesser amount of cartilage puts you at higher risk

 13   of a bad event.

 14             Now, for those of you in the FDA who look

 15   at drug trials, you look at coronary heart disease,

 16   and what you would say is you are not really

 17   looking--you have no markers of disease except bad

 18   events.  Does someone have a heart attack?  Do they

 19   die?  Do they have to have angioplasty?  Do they

 20   have to have bypass surgery?  And it's very much

 21   the same thing with osteoarthritis.  You have bad

 22   events.  The bad event can be bone on bone, 
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  1   osteoarthritis with severe pain and disability, and

  2   the need for a procedure, and, of course, that

  3   procedure would be joint replacement.  So I would

  4   argue strongly here that this is a very powerful

  5   biomarker.

  6             The second problem area has to do with

  7   what's the point at which a patient is actually

  8   diagnosed with osteoarthritis.  Take, again,

  9   coronary heart disease.  You can have somebody

 10   absolutely packed and loaded, look at their

 11   coronary arteries, look at the  (?)   thickening

 12   here.  They can have all kinds of unstable plaques

 13   and up and down their left anterior descendant, and

 14   yet they are not diagnosed with coronary artery

 15   disease.  Why?  They have no symptoms.

 16             So I think when you look at the burden of

 17   the disease there and the ability with coronary

 18   artery disease to say that you have prevention if

 19   you have fewer events, you're allowed to do, I

 20   would gesture, or certainly claim with

 21   osteoarthritis.

 22             Now, here's the key point:  I know that 
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  1   the FDA has been very concerned that in this Lancet

  2   study, it would say, well, gee, they already have

  3   disease.  The fact is, well, what do you mean they

  4   have disease?  The key thing is that X-ray changes

  5   precede the clinical diagnosis and precede the

  6   onset of symptoms in most people.  Take those over

  7   60.  In those over 60, about one-third of patients

  8   have symptoms, yet the vast majority or almost all

  9   already have changes on their X-ray.  That means

 10   that the majority of patients are not formally

 11   diagnosed with osteoarthritis.

 12             The great difficulty has been that right

 13   now today there are millions and millions of

 14   Americans who are chewing away at their articular

 15   cartilage and yet they are not diagnosed with

 16   osteoarthritis.

 17             Now, the third difficulty seems to be the

 18   diagnosis of osteoarthritis.  What I did in my book

 19   was to look at sort of three different phases.

 20   Phase one was what I call wear and tear, pure

 21   mechanical destruction of cartilage.  In England,

 22   they actually divide the disease into two phases.  
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  1   They have osteoarthrosis, which is going to be the

  2   mechanical grinding away of cartilage, and then you

  3   have osteoarthritis, where you actually have

  4   chemical changes that further degrade the

  5   cartilage, such as the increase in

  6   metalloproteinases.

  7             As many of you have indicated, and my

  8   colleague from the NIH, there really isn't any

  9   marker to sort of say you have made that transition

 10   from the chewing away of cartilage to the point

 11   that you actually have osteoarthritis.

 12             So when you look at what is prevention

 13   here, I would argue that if you are preventing

 14   events such as the replacement of joints, if you

 15   are preventing events such as the bone-on-bone sort

 16   of end-stage disease here, you are, in fact,

 17   preventing disease.  And if you take myself, I went

 18   from taking those 16 Advils a day to taking none.

 19   I do take the glucosamine and chondroitin sulfate

 20   on a daily basis here.  I have this as a regular

 21   program of yoga and joint strengthening.  I was

 22   told four years ago that I would have to have a 
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  1   joint replacement.  I have not had that joint

  2   replacement I was supposed to have had.  I am now

  3   completely pain free, back to playing tennis, back

  4   to downhill ski racing, and after, feel terrific.

  5             So just to summarize these points here,

  6   the diagnosis itself, most people go undiagnosed;

  7   therefore, I guess you could say they don't have

  8   disease.  And yet if you were to take an X-ray, you

  9   would see that there already are changes there.

 10   Those changes are probably mechanical.  They

 11   probably don't already have any of the biochemical

 12   changes of osteoarthritis.  And if you can at that

 13   point basically intercede and decrease the amount

 14   of cartilage that they have lost, you are going to

 15   be preventing events.  Just like in coronary artery

 16   disease you are preventing a heart attack or you

 17   are preventing the procedure having to be

 18   performed, such as PTCA, here you are preventing

 19   these critical events.

 20             Now, the other part of this in terms of

 21   evidence-based medicine is, well, what about the

 22   risk/benefit?  I say to physician friends of mine 
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  1   and they will say to me, I give this to somebody in

  2   terms of trying to prevent osteoarthritis or

  3   someone who actually has osteoarthritis.  What's

  4   the downside here?  The downside is that they, by

  5   being given these supplements or these nutrients

  6   here, don't end up having a fatal bleed.  And they

  7   may not end up with further destruction of their

  8   cartilage.

  9             So in terms of risk/benefit here, let's

 10   look at a study by Rush Presbyterian in which 53

 11   subjects with symptomatic, radiographic evidence of

 12   wear and tear arthritis of the knee were studied.

 13   They took acetaminophen to relieve their pain.

 14   When the gait was analyzed, those with decreased

 15   knee pain tended to decrease the load on the

 16   degenerated portion of their knee.  Loading the

 17   worn and torn cartilage with forces high enough to

 18   do further damage.

 19             In my book, I took the strong stand that

 20   standard pain relievers, the NSAIDs that many

 21   patients have--and I tell my own 90-year-old mother

 22   this--that the likelihood is that they are 
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  1   disguising some of their pain and that they are

  2   continuing to accelerate the damage rather than

  3   retarding the damage.

  4             When you look at risk, acetaminophen over

  5   4 grams a day, you do run the risk of liver

  6   toxicity, and although, of course, it is linked to

  7   alcohol intake as well, you do run the risk that

  8   you will need a liver transplant.  Most physicians,

  9   including those at the BU Arthritis Center, would

 10   say that this combination, these nutrients are

 11   incredibly safe compared to any of the standard

 12   NSAIDs.  As my colleague here, Dr. Theo, said, you

 13   are looking at 16,500-plus deaths a year, many of

 14   those with patients who have osteoarthritis.

 15             Now, in the end, you would say, well,

 16   fine, if you get to make the claim that these

 17   nutrients can be used for prevention, who ends up

 18   taking them?  Well, the interesting answer is those

 19   people who on a daily basis are grinding away at

 20   their cartilage, and those would be individuals who

 21   have, like myself, a high cavus foot, those who

 22   have a hypermobile foot, those who are knock-kneed 
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  1   or bow-legged, who have a pistol grip hip, and

  2   anybody who has had an injury; for instance, my

  3   young niece who has an ACL injury, myself with a

  4   meniscal tear, those with injuries, those who have

  5   what I call fatal flaws; the tens of millions of

  6   Americans who are overweight, who pound as they

  7   walk around, are all doing damage to their joints.

  8             For all of these individuals, the bottom

  9   line is that there is no preventive effort.  Here

 10   you have a disease that may cause more disability

 11   than any other, that when you look at it outside of

 12   a stroke in terms of the cardiovascular disease,

 13   compared to cardiovascular disease, it's almost the

 14   same as having an MI when you have bad

 15   osteoarthritis of the hip.  And yet there's

 16   absolutely nothing on a national level being done

 17   to prevent osteoarthritis, nothing in the way of

 18   yoga or strength training, nothing in physicians'

 19   offices, no agents that are currently being

 20   recommended as a way of preventing this disease.

 21   So it's a huge black hole compared to osteoporosis,

 22   coronary artery disease, cancer, and yet a disease 
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  1   that basically is going to affect every single one

  2   of us.

  3             I know a lot of my time is ending here.  I

  4   know that you also don't like personal anecdotes,

  5   but I'm certainly a testament to the fact that this

  6   has worked and worked well.  But I would argue

  7   strongly that, first of all, there is a real

  8   problem with the definition here of osteoarthritis,

  9   that I'm a strong believer you have a progression

 10   from wear and tear through osteoarthrosis to

 11   osteoarthritis, and at that point that you may see

 12   X-ray changes before you have actual symptoms,

 13   before a doctor is going to make a diagnosis, that

 14   you can intervene, you can intervene in a highly

 15   effective way to prevent events that are highly

 16   disabling.

 17             Thank you very much.

 18             DR. MILLER:  Any comments or questions?

 19             [No response.]

 20             DR. MILLER:  Thank you very much.

 21             The next speaker is Dr. Jose Verges from

 22   Bioiberica S.A., Barcelona, Spain.  You have ten 
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  1   minutes.

  2             DR. VERGES:  Good afternoon.  First of

  3   all, I would like to thank the Chairman and all of

  4   the panel of the FDA to give me the opportunity to

  5   speak at the meeting here in Bethesda.  I am a

  6   clinical pharmacologist from Barcelona, and for me

  7   it's a great pleasure to be here at the FDA.  It's

  8   a big dream for a clinical pharmacologist to have a

  9   meeting with the FDA.  That means that I am very

 10   happy.

 11             Secondly, I understand that you are very

 12   tired of speaking all day about chondroitin and

 13   glucosamine and osteoarthritis.  I would like to be

 14   very precise.  Also, a lot of things during the day

 15   (?)  , but some of the points that I have here we

 16   speak during the meeting, no?

 17             Chondroitin sulfate is a symptomatic slow

 18   acting drug for osteoarthritis in Europe, where it

 19   has been approved as a drug for more than ten years

 20   in several countries in Europe.  Personally, I am

 21   working for chondroitin sulfate and these kind of

 22   problems more than eight years. 

                                                               318

  1             Some of the mechanisms of action of

  2   chondroitin sulfate, you know, this morning were

  3   very well pre-(?)  .  I can state that on Friday

  4   we'll be presenting to EULAR, in the European   (?)

  5   in Berlin two new mechanisms of action of

  6   chondroitin sulfate that we performed in my

  7   department together with Professor du Soich in the

  8   Faculty of Medicine in Montreal in the Department

  9   of Pharmacology.  And we see that chondroitin

 10   sulfate can make the addition of stromelysin,

 11   metalloproteinase 3, that is very active in terms

 12   of inflammatory diseases.  And another interesting

 13   thing is that the protein NF-kappa beta, that is

 14   one protein that it's very implicated in some

 15   process, especially in chronic treatments.

 16             If we see the clinical trials that we

 17   perform for our company, I can tell you that

 18   Bioiberica is the first producer in the world of

 19   chondroitin sulfate.  All of the clinical trials

 20   that have been published in Europe is our

 21   chondroitin sulfate.  That means that we know

 22   something about our product.  Nine randomized, 
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  1   controlled clinical trials have been conducted in

  2   Europe with our product, comparing its effect

  3   against placebo and sodium diclofenac 150 mg in

  4   more than 1,000 patients with knee and hand

  5   osteoarthritis.

  6             The results from these clinical trials

  7   conclude that chondroitin sulfate is as effective

  8   as diclofenac and around 50 percent more effective

  9   than placebo in the reduction of symptoms of

 10   osteoarthritis.  This is very well published.  We

 11   published recently with Professor du Soich in the

 12   Clinical Pharmacology  (?)   that the effect of

 13   chondroitin sulfate should be more than 50 percent

 14   than placebo.  We published that the placebo effect

 15   is more or less in knee osteoarthritis of 26

 16   percent.  That is very important when we compare

 17   with placebo to know exactly which is the efficacy

 18   of placebo in knee osteoarthritis.

 19             There is some evidence that chondroitin

 20   sulfate can stop the  (?)  process.  We have three

 21   clinical trials in knee osteoarthritis that have

 22   evidenced stabilization of joint space width with 
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  1   chondroitin sulfate treatment in comparison with

  2   placebo in the knee, and also we have two clinical

  3   trials in hand osteoarthritis, concluding that we

  4   have the possibility to stop the  (?)   process in

  5   fingers.  This is published by the group of

  6   Verbruggen in Belgium, and it's a very interesting

  7   paper.  That means that there is some evidence that

  8   chondroitin sulfate can stop the   (?)  process.

  9             But it's very important to keep in mind

 10   that in Europe, chondroitin sulfate is approved as

 11   a symptomatic treatment for osteoarthritis.  That

 12   means that it relieves the pain and improves the

 13   mobility of the joints.  This is very important to

 14   know.

 15             Another important issue is the safety.

 16   For physicians, it's very important because

 17   normally the people that have osteoarthritis are

 18   elderly people, and they have other pathologies.

 19   They have hypertension,  (?)  , and it's very

 20   important, the safety of this product.

 21             The safety of the drug is very well

 22   documented.  It's equivalent to placebo and much 
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  1   higher than other anti-inflammatory drugs like

  2   diclofenac.  One of the things that we proved is

  3   that chondroitin sulfate is not metabolized by

  4   enzymes from cytochrome P450.  What does that mean?

  5   That means that if you give the product with other

  6   drugs, we don't have any kind of interaction with

  7   other products.  That means that you can combine

  8   chondroitin sulfate with other drugs, with

  9   analgesics or hypertensive drugs, et cetera, and

 10   that is very important because there are a lot of

 11   interactions that could be a big problem for the

 12   patient and for the doctor.  And that's one of the

 13   interesting things about this kind of product, they

 14   are very safe products that you can prescribe

 15   together with other drugs.  This is a very

 16   interesting thing.

 17             The pharmacosurveillance data from Europe,

 18   where no serious adverse events have been reported

 19   for more than ten years, support the safety of the

 20   product.  We can say that in my department we have

 21   the pharmacosurveillance, and more or less we treat

 22   three million patients per day.  That means that 
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  1   it's a very important number of patients.  That

  2   means that it's the best--the best clinical trial

  3   is the pharmacosurveillance, especially in Europe

  4   (?)   , that is very, very serious, the

  5   pharmacosurveillance, how we can control the side

  6   events.  That is a very important issue of this

  7   kind of product, glucosamine and chondroitin

  8   sulfate, the safety.

  9             This is the recommendations of the EULAR

 10   that was published recently in Annals of Rheumatic

 11   Diseases, and you will see, for example, the level

 12   of evidence of chondroitin sulfate is 1A.  It's

 13   superior, for example, to paracetamol and other

 14   anti-inflammatory drugs, for instance, and I think

 15   it's very interesting to note these data.  In terms

 16   of the level of evidence, it's 1A, and its strength

 17   of recommendation is A.  That is the maximum

 18   category  (?)  in Europe.

 19             What are the benefits of chondroitin

 20   sulfate for patients and for doctors?  I think

 21   chondroitin sulfate's clinical efficacy on symptom

 22   reduction and improvement of functional capacity, 

                                                               323

  1   that is clear.  There is one interesting thing that

  2   the chondroitin sulfate has a carryover effect.

  3   That means that when you finish the treatment, in

  4   some patients they efficacy persists during some

  5   weeks and some months.  That is very interesting

  6   for the  (?)  of the patient.  Another very

  7   interesting issue is the pharmacoeconomics issues.

  8   We performed recently in Spain--that is my country--we

  9   performed a pharmacoeconomics study, and I will

 10   tell you that with chondroitin sulfate for 10,000

 11   patients, we can reduce the cost of more or less $2

 12   million for 10,000 patients  (?)  the reduction of

 13   analgesics, anti-inflammatories, and also the side

 14   effects for anti-inflammatory drugs.  That means

 15   that from a pharmacoeconomic point of view, it's a

 16   very important issue.

 17             There is only one chondroitin sulfate

 18   approved as a drug in several European countries,

 19   which is therefore considered as the reference

 20   product.  This chondroitin sulfate is manufactured

 21   by Bioiberica and marketed in Europe by IBSA and

 22   Bioiberica, and in the United States by Nutramax 
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  1   Laboratories under the trademark Cosamin.

  2             This chondroitin sulfate is being used by

  3   the NIH study for its Glucosamine/Chondroitin

  4   Arthritis Intervention Trial.  Its number is--well,

  5   this is the number.  That means that we have an

  6   inspection from the NIH to our company in order to

  7   put our chondroitin sulfate in this important

  8   clinical trial that we see is there a difference

  9   between products, we will see if  (?)  is better or

 10   not, et cetera.

 11             This is very important because we can make

 12   the statement that chondroitin sulfate in Europe,

 13   we have a lot of clinical data that proves that the

 14   product works, is efficacious and safe in

 15   symptomatic treatment.  What happened in the United

 16   States--and you know better than me.  I apologize.

 17   You know better than me that there are a lot of

 18   nutraceutical products, and this paper that now I

 19   am here speaking analyzed the contents of

 20   glucosamine and chondroitin sulfate and several

 21   U.S. drugs.  And this study concluded that the

 22   amounts found were significantly different from 
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  1   label claim in some products with deviations from 0

  2   to 115 percent.

  3             It also evidenced that characteristics

  4   such as molecular weight, flexibility of structure,

  5   sulfation, and method of manufacture may influence

  6   oral absorption.  And that is very important

  7   because maybe they could have some different

  8   clinical effects and maybe could have problems for

  9   doctors that recommend those products or the

 10   patients.  I think this is very important.  When we

 11   speak about chondroitin sulfate, the more clinical

 12   trials published with this chondroitin sulfate, no?

 13             In this case, we see that among all

 14   products compared, the one from Bioiberica was the

 15   highest permeability rate.

 16             This is very important.  In conclusion, in

 17   order to ensure equivalent clinical results in

 18   terms of efficacy and safety, other chondroitin

 19   sulfate products must show their bioequivalence to

 20   the reference formulation.  It's very important.

 21   This is like the same in generics.  You must

 22   perform an equivalence study.  If not, you cannot 
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  1   say that they are equivalent products.  For me it's

  2   very clear as a clinical pharmacologist.

  3             For this purpose, we propose the following

  4   method to determine the bioequivalence of two

  5   chondroitin sulfate formulations, and we propose a

  6   method that if some people are interested, they

  7   have some copies that we present, for instance, in

  8   the 47th annual meeting of the Western Pharmacology

  9   Society in Hawaii in January.  And now it's near to

 10   be, you know, approved and is submitted for

 11   publication in the proceedings of the Western

 12   Pharmacology Society.  And this method we can

 13   compare if one product is bioequivalent to the

 14   reference product, in this case the reference

 15   product that is in clinical trial that is our

 16   chondroitin sulfate.  I would not like to explain

 17   the method, but if there are some person that is

 18   interested I can explain this interesting method.

 19             That is all.  I apologize for my English,

 20   my Catalan English, and thank you very much for

 21   your attention.

 22             DR. MILLER:  Thank you. 
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  1             Any comments or questions from the

  2   committee?

  3             DR. FELSON:  I guess I would like to go

  4   back to the chondroitin EULAR recommendation, which

  5   I agree with you, I think was an important

  6   milestone.  The effect sizes listed are derived

  7   from a couple of trials that just show enormous

  8   effect sizes.

  9             DR. VERGES:  Right.

 10             DR. FELSON:  One shows an effect size of

 11   three times the efficacy of a knee replacement.

 12   The effect size there, the range, mostly effect

 13   sizes for--you notice how much bigger those effect

 14   sizes are than all of the other treatments there?

 15   Mostly the effect size of knee replacement--it's

 16   actually at the bottom, but it looks like it's not

 17   been--it's covered up.  It's 1 to 1.7 in the

 18   different studies.  So chondroitin average effect

 19   size looks from those data like it has effect sizes

 20   that are equivalent to a knee replacement, which is

 21   pretty much as curative as we get in knee OA.

 22             What's going on with that?  I've waited 
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  1   for a number of years to ask somebody from this

  2   company why effect sizes--these are not reasonable.

  3   They're not--they're on orders of magnitude,

  4   logarithmic orders of magnitude higher than effect

  5   sizes seen in any other oral preparation in

  6   osteoarthritis.  They're hard for me to, frankly,

  7   believe.  Why do you think that your--you know, I

  8   don't see patients of mine who have been on these

  9   things come back saying, "I don't need a knee

 10   replacement," all of them.  Okay?  What's going on

 11   here?

 12             DR. VERGES:  Well, this is, you know, the

 13   question.  We can make the question to experts that

 14   they make the recommendations, you know?  They made

 15   the recommendations in--well, according to the

 16   clinical data that is published, and they have this

 17   clinical data and they make these recommendations,

 18   no?  But I cannot answer you because this is the

 19   recommendation of the experts according to the

 20   literature, and also there are some people in this

 21   committee, biostatisticians and clinical

 22   pharmacologists, that they put like this.  But, you 
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  1   know, for me as a clinical pharmacologist, the

  2   effects of chondroitin sulfate is very clear

  3   because I mentioned before it's 50 percent more

  4   than placebo.  And this is published in a lot of

  5   clinical trials that are published in Europe.

  6             DR. FELSON:  Be careful, because that

  7   effect size is the difference between chondroitin

  8   and placebo in those studies.

  9             DR. VERGES:  I know.  I know.  No, no, but

 10   in terms of--in my opinion, in terms of the

 11   evidence that   (?)   for me is very clear in terms

 12   of clinical--and, in fact, you know, we approved in

 13   Spain the chondroitin sulfate two years ago, and

 14   the Spanish agency is the number three highest and

 15   most respected agency.  And, well, it's like this,

 16   you know.

 17             I can tell you, as a clinical

 18   pharmacologist sometimes when I make a clinical

 19   trial I ask the question if my mother would be in

 20   the clinical trial or not, no?  Another issue is

 21   the mother-in-law, no?  But my mother--yes, that is

 22   another issue, heh?  But my mother is taking 
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  1   chondroitin sulfate and is doing very well.  That

  2   means that is not the level of evidence is zero.

  3   But I can tell you that, well, patients recognize

  4   very well the product works, and I think it's, you

  5   know, a very interesting product because it's a

  6   very safe product.  I think if you can have a

  7   reduction of pain and  (?)  safe product, I think

  8   it's very important is osteoarthritis.  And you

  9   know as a rheumatologist the side effects of NSAIDs

 10   and analgesics.  You know, for example, the

 11   paracetamol, you know, the group from Montreal

 12   published and said when you use higher doses of

 13   paracetamol, you can have also side effects.  It is

 14   not free of side effects.

 15             We can ask this question maybe in the

 16   meeting on Friday.  I will ask coming from you this

 17   question to the panel about explaining this.

 18             DR. DWYER:  Just two further questions

 19   about that, perhaps to Dr. Felson rather than to

 20   you.  First of all, would you please define "effect

 21   size"?  And, secondly, aren't those two conditions

 22   at very different stages along a progression of 
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  1   disease?

  2             DR. VERGES:  The question is for me or the

  3   panel?

  4             DR. DWYER:  It is for somebody to define

  5   "effect size," and then to answer if those two

  6   patients who are taking the chondroitin are really

  7   the same as people who are getting--who have just

  8   had a replacement.

  9             DR. FELSON:  I'll be happy to try to

 10   address it, I guess.  An effect size, the way this

 11   was done, is the change in treatment of the active

 12   treatment group minus the mean change in the

 13   placebo group divided by the standard deviation at

 14   baseline of the outcome measure for both groups.

 15   Sometimes it's for the placebo group and sometimes

 16   it's for both groups, the denominator, and I don't

 17   know which was used here.

 18             The answer to your question is

 19   surprisingly yes, but it would bias in favor of a

 20   higher effect size for a knee replacement because

 21   people would be worse and have more room to

 22   improve, and, therefore, have higher effect sizes 
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  1   at the point when they were eligible for their knee

  2   replacement.  That makes this high effect size,

  3   frankly, even more hard to believe.

  4             One of the effect sizes for one of the

  5   chondroitin trials in our meta-analysis was 4.5.

  6   That's at least three times as good as a knee

  7   replacement, if that's possible.

  8             DR. MILLER:  Any other comments or

  9   questions?  If not, thank you very much.

 10             DR. VERGES:  Thank you very much.

 11             DR. MILLER:  The last speakers are Dr.

 12   Todd Henderson and Dr. Chuck Filburn from the

 13   Nutramax Laboratories.  You have 15 minutes

 14   together.

 15             DR. HENDERSON:  I want to thank you for

 16   the opportunity to present this data.  I also

 17   wanted to give a clarification that when we looked

 18   at presenting information, our understanding was

 19   that we were supposed to present information about

 20   the petitioners, the petitions.  And, evidently,

 21   the guidelines that were set down at the beginning

 22   were slightly different, but I hope our information 
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  1   is still very relevant as we are the only other

  2   manufacturer of a nutritional product here to

  3   present kind of a different perspective than the

  4   scientists that have been here thus far.

  5             I will give you a little bit of

  6   background.  We actually initiated the use of

  7   glucosamine and chondroitin sulfate combination in

  8   the United States.  We're the first company to do

  9   that.  Certainly our company is dedicated to

 10   quality.  We're also committed to research.  We've

 11   published over about 20 research papers on our

 12   products, on our brands, Cosequin in veterinary

 13   medicine--I am actually a veterinarian and was

 14   involved in a lot of those trials--and Cosamin, the

 15   human product.  As Dr. Verges had pointed out, the

 16   chondroitin sulfate that's being used in the NIH

 17   study is the same chondroitin sulfate that we have

 18   in the United States.

 19             One of the things that we did want to talk

 20   about is really how to characterize these

 21   compounds, and we feel that really being kind of in

 22   throes of this industry, there's a lot of different 
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  1   quality and there's a lot of different products out

  2   there.  And I guess one thing that we're concerned

  3   about is with any type of claim that may be given,

  4   if it's a broad, sweeping type of claim, many

  5   different products would take advantage of that,

  6   and I'm not sure that would necessarily be fair to

  7   the consumer.  We certainly support accuracy and

  8   truth in labeling.

  9             We would recommend that both health claims

 10   be denied, primarily due to the characterization of

 11   the materials.  The work that's been done has been

 12   done on very specific materials, and there's a lot

 13   of materials out there that the consumers are going

 14   to be trying to pick up from the shelves that are

 15   not all going to be the same.  And I'm not sure how

 16   you handle that question, other than perhaps

 17   looking at methods that might be able to try to get

 18   to that answer.  And I'd like to introduce Dr.

 19   Chuck Filburn.  Dr. Filburn is our Ph.D.

 20   biochemist, head of our research lab, and he was

 21   with the National Institute of Aging for 26 years.

 22             DR. FILBURN:  Thank you.  It was very 
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  1   interesting hearing your earlier discussion of what

  2   is a healthy individual, particularly in aging.  Of

  3   course, you realize aging is a fatal condition.

  4   That is something we talked about a lot.

  5             At issue here, as Todd mentioned, of all

  6   the products out there for which a health claim

  7   might be granted, what do we really know about

  8   them?  And our key questions, there are two really

  9   fundamental questions here:  What is actually in

 10   the bottle?  And in a sense, that's what was

 11   actually used for the research for which the claims

 12   were being supported.  And does it work?  Again,

 13   does it work for what's in the bottle that's being

 14   offered to the consumer.  And that requires both

 15   clinical research, a lot of which, as you heard

 16   from Dr. Verges, was involved with the same

 17   chondroitin sulfate that we use, but also studies

 18   on bioavailability which has been done on very few

 19   products on the market.  But also in terms of

 20   characterizing what is in the bottle, there is a

 21   need to be sure what the compound is, an identity

 22   test, be accurate about how much is there, and 
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  1   quality or purity, which is the flip side of

  2   identity.  If there are no other, say, GAGs there,

  3   fine.  But if there are other ones, then that gets

  4   to be an issue.

  5             So let me address these concerns one after

  6   the other with regard first to the first petitioner

  7   and then the second one.

  8             Just to reiterate what you heard before,

  9   the majority of the published clinical studies

 10   conducted on chondroitin sulfate were performed

 11   with specific, highly purified, 95-percent minimum

 12   material from Bioiberica, which we use.  This

 13   specific chondroitin sulfate has been chosen for

 14   the NIH study, and it has been studied in

 15   combination with glucosamine hydrochloride for

 16   several additional clinical studies on humans, on

 17   companion animals, research animals, and was used a

 18   lot in basic research.  No information has been

 19   provided by Petitioner A to support the assumption

 20   that these same results were obtained with less

 21   purified, less well characterized forms of

 22   chondroitin sulfate.  The forms available to the 
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  1   public differ considerably in source, sulfated

  2   disaccharides, molecular weight, purity, and often

  3   failed to meet label claims.  The presumption of a

  4   similar clinical response from the various

  5   chondroitin sulfate sources currently available to

  6   the public is simply unjustified.

  7             The same petitioner, through a letter from

  8   its attorney, stated that the evidence is extremely

  9   strong of an actual disease-reducing effect:

 10   "repair and rebuilding of the cartilage matrix."

 11   There is no claim or direct data in the petition,

 12   nor that we are aware of, that substantiates this

 13   statement.

 14             The petitioner relies solely on what we

 15   call the CPC--cetyl pyridinium chloride--method to

 16   assay chondroitin sulfate, with no procedure to

 17   prove identity.  The CPC method detects sulfated

 18   GAGs, which could be forms other than chondroitin

 19   sulfate.  While the petitioners cite methods that

 20   use the CPC to detect sulfated GAGs, they do not

 21   address the issue of proof of identity, that what

 22   is being measured is actually chondroitin sulfate.  
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  1   The chondroitin sulfate supplement industry as a

  2   whole suffers from a lack of uniformity and full

  3   validation of acceptable methods.  Until this issue

  4   is resolved and consumers can actually rely on

  5   labeling and claims of joint support from all

  6   manufacturers, it is just inappropriate to allow a

  7   health clam on a material that in most products

  8   lacks careful characterization, especially

  9   regarding identity or purity, source, and

 10   substantiation of bioequivalence and effectiveness.

 11             With respect to the second petitioner, it

 12   has already been drawn to your attention that it's

 13   not glucosamine sulfate that's been used for the

 14   NIH study but glucosamine hydrochloride, which is

 15   considered really the glucosamine base to be the

 16   active form of this.  And I won't really spend much

 17   talking about that.  That's already been discussed

 18   before.

 19             The contention that the sulfate plays an

 20   important role in this, while present in the

 21   original petition, seems to have been understated

 22   today, and we think that is highly questionable and 
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  1   will again repeat that it's glucosamine that's

  2   talked about most of the time and we think is

  3   responsible for most of the effects.

  4             Now, we also get at the issue of assays

  5   and accuracy in determining what is in the bottle.

  6   The petitioner claims to have a validated assay

  7   that in the supplement to the petition stated that

  8   it is specific, accurate, and precise, and that is

  9   based on a potentiometric measurement.  I question

 10   the claim of specificity of this assay.  I have

 11   examined the attachment and found no data showing

 12   specificity for glucosamine sulfate.  Many organic

 13   molecules with a primary amine group will give the

 14   same result as glucosamine when titrated as

 15   described.  The petitioner claims a lack of

 16   activity from excipients as evidence of

 17   specificity.  The petition also criticizes the USP

 18   method while at the same time offering it as an

 19   indicator of the exact composition of the

 20   glucosamine sulfate for which the claim is sought.

 21             It is obvious that there is a clear need

 22   for an alternative, specific, commonly used assay 
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  1   method that must be used in analyzing both

  2   petitioner's glucosamine sulfate and others on the

  3   market to ascertain what is actually present and

  4   being studied clinically.

  5             Again, petitioner is asking for a claim

  6   for crystalline glucosamine sulfate.  I think that

  7   should be clearly defined.  This was discussed a

  8   little bit earlier.  There are actually three ways

  9   one could get that:  prepare glucosamine sulfate by

 10   a method that has a patent on it; dissolve it along

 11   with sodium chloride and crystallize it--that's

 12   called--I think is their term for crystalline

 13   glucosamine sulfate; take sodium sulfate with

 14   glucosamine hydrochloride, dissolve them,

 15   crystallize them, you can have co-crystals.  One

 16   could just take the two mixed salts and mix them

 17   together.  We really don't know what is going on in

 18   the industry but suspect the latter is a

 19   characteristic of most products, and yet that may

 20   dramatically affect stability.  That is important

 21   in maintaining what is in the bottle because once

 22   it is ingested and dissolved in the stomach, 

                                                               341

  1   they're all equal.  So what is the claim really on?

  2             Again, our own studies have confirmed that

  3   recent studies of the contents of glucosamine--whether it is

  4   the hydrochloride, whether mixed with

  5   chondroitin sulfate, or glucosamine sulfate salts--in many

  6   commercial products but particularly

  7   glucosamine sulfate showed levels substantially

  8   less than that claimed on the labels.  This

  9   situation reinforces the importance of consistent

 10   methodology and accuracy, or truth, in labeling.

 11             I agree with Dr. Arnot that we need to

 12   educate the public, but I think this is a key

 13   component of that education, and I can't see how

 14   you can decide on whether to give a health claim if

 15   you don't fully appreciate how important these

 16   issues are.

 17             Thank you.

 18             DR. MILLER:  Comments or questions?

 19             DR. BLONZ:  So, in essence, you are

 20   arguing that without good manufacturing practices

 21   in place, there should be no consideration, this

 22   should be rejected.  So it's the GMPs that are the 
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  1   issue, not the substance?

  2             DR. FILBURN:  The GMPs assure the

  3   substance, hopefully.  The assay methods assure the

  4   substance.  Even a good GMP with a bad assay method

  5   is not going to be any good.  The industry and

  6   various components of the industry--the USP, the

  7   Institute for Nutraceutical Advancement and others--are

  8   working towards this end, and we are working

  9   with them.  But we have been doing this for a long

 10   time, and we see a serious problem and we don't

 11   think it has been resolved.

 12             DR. MILLER:  Dr. Callery?

 13             DR. CALLERY:  We just heard, I guess an

 14   hour ago, that there was a liquid chromatography,

 15   mass spectrometry assay that was validated that

 16   would be very specific for glucosamine.  If that

 17   turned out to be a validated and acceptable assay

 18   method, would you change your position?

 19             DR. FILBURN:  Well, we think we have a

 20   validated assay method that's a little different

 21   from one that's in the USP.  The one that's been

 22   proposed by the Petitioner B, that would be an 

                                                               343

  1   excellent method.  However, that involves extremely

  2   expensive instrumentation and may actually be

  3   overkill.  I think that was particularly useful in

  4   doing bioequivalence studies, and I must commend

  5   them on what they did there, what they were able to

  6   show, although they used heroically high doses of

  7   glucosamine sulfate to achieve those amounts in the

  8   blood, you must appreciate.  But that's what we're

  9   after, yes, used by everybody and commonly

 10   acceptable validated assays.

 11             DR. MILLER:  Dr. Felson?

 12             DR. FELSON:  In your written petition, in

 13   the first paragraph you comment on something you

 14   didn't mention in your talk:  "Recent clinical

 15   studies on glucosamine sulfate that lacked industry

 16   involvement in analysis and description of data

 17   have not found the benefit previously observed in

 18   studies supported by Rotta."

 19             Do you want to comment on that?

 20             DR. FILBURN:  That was taken word for word

 21   from a review paper that I gave heavy weight to,

 22   and I didn't want to mix the words, and I took--this is from 
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  1   the McAlindon review paper which we

  2   cited in our comments.  And I take it for what it

  3   says.  I didn't change the wording so that it

  4   wouldn't be misinterpreted.

  5             DR. MILLER:  Dr. Russell?

  6             [No response.]

  7             DR. MILLER:  Dr. Dickinson?

  8             DR. DICKINSON:  I just wanted to comment

  9   that the GMPs alone I don't think would resolve

 10   this issue in the absence of a quality standard,

 11   that is, GMPs are process-oriented and don't

 12   necessarily in and of themselves define a quality

 13   standard.  So I think it needs to go beyond just

 14   having the GMPs in place, although we will

 15   certainly welcome having those in place.

 16             My comment for you is that there are other

 17   examples of approved health claims, including the

 18   ones for folic acid and for calcium, where there

 19   are some criteria specified in the claim for the

 20   ingredient--in one case that it meet USP

 21   disintegration or dissolution methods, in another

 22   that it be limited to certain compounds that FDA 
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  1   has concluded as GRAS.  Would that kind of an

  2   approach resolve your issue?

  3             DR. FILBURN:  Not yet, because the USP

  4   monograph is still in development.  We helped

  5   produce improvements both in the CPC assay and in

  6   the early old-style electrophoresis procedure to

  7   prove purity, and that hasn't been fully resolved.

  8   And as I understand, there has been emphasis or

  9   there may be an obligation--I'm not clear about

 10   this--by FDA for the food component to work with

 11   AOAC or someone who is developing their own

 12   methods.  And they're not always the same.  There

 13   is more than one way to do this, but each one has

 14   to be validated and we strongly believe should have

 15   a component of identity, and many of them lack

 16   that.  You can get enough to show up in a CPC

 17   assay, but is it really chondroitin sulfate, or

 18   what else is there?  Are you putting enough junk in

 19   to get enough chondroitin sulfate to show up?  That

 20   actually is what is happening out there.  That's

 21   why we're here to object to you allowing the health

 22   claim. 
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  1             DR. MILLER:  Dr. Kale?

  2             DR. KALE:  Not disrespectfully, if it had

  3   been your product that was now being considered for

  4   the application, would you feel the same way?  Or

  5   why, perhaps a different question to ask the same

  6   kind of thing, didn't you apply for the same

  7   privilege of making the claim that's being made by

  8   the two parties?

  9             DR. FILBURN:  I should probably let Dr.

 10   Henderson answer that, but I think--and if I'm

 11   incorrect, say so, Todd--had we gotten it, would be

 12   it be specific to us?  Would everybody be

 13   benefiting?  Would the consumer be screwed?  Pardon

 14   the language.

 15             DR. KALE:  That's a different product.

 16             [Laughter.]

 17             DR. FILBURN:  No, I'm serious about that.

 18   Because of this issue of quality, what has happened

 19   is a lot of--Nutramax--I came from NIH.  Evidence-based

 20   research, small company, I was totally

 21   impressed with what they had invested in research.

 22   And yet the biggest beneficiaries of that are a lot 
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  1   of other companies that don't adhere to the same

  2   standards.  So that's all I'm trying to do here.

  3             DR. KALE:  I understand.  My question was

  4   twofold, really.  One is:  Do you disbelieve the

  5   data generated by the other companies, whatever

  6   they're serving up in this area?

  7             DR. FILBURN:  Some I do, some I don't.

  8   But the issue is what assay methods did they use to

  9   characterize what they studied and were they

 10   adequate for us to really know what they studied.

 11             DR. MILLER:  Dr. Harris?

 12             DR. HARRIS:  Yes, I'd like to follow up on

 13   that question.  As I understand it, a source of

 14   chondroitin sulfate is shark.  Is that correct?

 15             DR. FILBURN:  It can be--from our

 16   knowledge of what's on the shelves, it can be beef,

 17   different parts of beef, trachea usually; pig; or

 18   shark.  The only ones that we have been involved in

 19   clinical testing on are beef trachea, highly

 20   purified.

 21             DR. HARRIS:  Okay.  My concern is

 22   apparently you see no reproducibility then if one 
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  1   uses a standard source of chondroitin sulfate and

  2   works from there.

  3             DR. FILBURN:  All I can comment on are

  4   some preliminary studies that we have done and

  5   constantly trying to improve our in vitro models to

  6   address just that question.  And we do find that in

  7   some of these tests--I don't want to get into

  8   detail, but we don't get the same effects at

  9   different doses.  It's just not there, and some of

 10   them have no effects at all.

 11             DR. HARRIS:  One further comment regarding

 12   your mention that there could be other factors that

 13   could be present.  Is it not true that the 4 and

 14   the 6 isomer of chondroitin sulfate are the major

 15   components?  And what would you then consider to be

 16   a tolerable acceptance of any other type of--

 17             DR. FILBURN:  Well, I think this is a good

 18   question.  It's an issue that USP has tried to deal

 19   with in that they used--we've helped them develop

 20   an electrophoretic procedure that we were convinced

 21   couldn't be--was not better than detecting 2

 22   percent or more of any other GAG.  Beef cartilage 
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  1   has a lot of keratin sulfate--some keratin sulfate.

  2   It will probably behave exactly the same in the CPC

  3   assay.  You could get other--I'm not clear on--my

  4   whole point is that that assay is based on sulfated

  5   GAGs, and there's a large range of different

  6   sulfated GAGs.  So you need something in addition

  7   to that, an identity test.

  8             DR. MILLER:  Dr. Zeisel?

  9             DR. ZEISEL:  Just to clarify for myself,

 10   I'm a little confused.  I've heard statements that

 11   only the Bioiberica product, the Nutramax product,

 12   has clinical data of efficacy.  And I heard from

 13   Rotta that only their product is the product.  So

 14   could we maybe break down for the human clinical

 15   trials that report efficacy, which products are

 16   used, all of them, none of them, some of them, so

 17   that if we have to decide that one showed efficacy

 18   rather than the others, how would we figure that

 19   out?

 20             DR. FILBURN:  Well, this may help a

 21   little.  Our studies have all been done on a

 22   combination of glucosamine and chondroitin sulfate, 
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  1   and any that we have done have been on glucosamine

  2   alone, not clinical but biochemical, have just been

  3   done on glucosamine hydrochloride.  And I really

  4   can only speak to those studies.  You need to

  5   distinguish most of--Bioiberica supplies

  6   chondroitin sulfate, we use it, combine it with

  7   glucosamine hydrochloride.  We do not use

  8   glucosamine sulfate.  We think if they're given in

  9   equal amounts, perhaps they will have

 10   bioequivalence, but I think one needs to show that

 11   because we don't know enough about stability and we

 12   know on a label, a milligram basis, there's 63

 13   percent of the total weight as glucosamine and

 14   glucosamine sulfate, but 83 percent in glucosamine

 15   hydrochloride.  So you're not getting the same

 16   amount of glucosamine.  And if that's the active

 17   base, the active form, then you're already starting

 18   off on an unequal footing.

 19             DR. MILLER:  Thank you very much.  I think

 20   that leads me into making a couple of comments

 21   before we adjourn for the day.

 22             I want to repeat again, the function of 
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  1   this committee is not to evaluate the petitions

  2   that were submitted, but the results of the

  3   petitions there is to give you some idea, as many

  4   of you already well knew, of the methods that were

  5   being used in order to support the petition, and

  6   the question is:  Are these valid methods?  Do they

  7   predict what they supposedly claim to be

  8   predicting?  And so on.  So while this is a very

  9   interesting discussion, it really is not germane to

 10   the issue of the work of the committee, and I think

 11   it's very important to make that point.

 12             Secondly, in order to clarify some of

 13   these issues, FDA prepared a statement, again,

 14   trying to redefine what the role of the committee

 15   is, and I'll just read this to clarify:  The

 16   committee's task is not to evaluate whether there

 17   are sufficient data to conclude that glucosamine

 18   and/or chondroitin reduce the risk of

 19   osteoarthritis; rather, the committee should

 20   address the scientific questions that were provided

 21   to it.  For the committee's information, the

 22   evidentiary standard applied to health claims is 
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  1   different from and weaker than the drug standard.

  2   As I indicated this morning, FDA, not the

  3   committee, will apply that standard.  I think

  4   that's important because many of you have

  5   experience with drug evaluations, and that's a

  6   different standard than used for foods.  I think

  7   you have to keep that in mind.

  8             We finished a half-hour earlier, and

  9   rather than try to start something new, I suggest

 10   we adjourn for the day, and I suggest you take

 11   another glance at the questions, which are under

 12   Tab 5 in your book.

 13             We meet again tomorrow morning at 8

 14   o'clock.

 15             [Whereupon, at 4:30 p.m., the meeting was

 16   adjourned.]

 17                              - - - 

