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(202) 234-4433

1 P-R-0-C-E-E-D-I-N-G-S

2 9:03 a.m.
3 CHAIRPERSON FERRIERI: Good morning, everyone.
I would like to bring the meeting to order. I am Patricia

Ferriebi from the University of Minnesota Medical School and
the Ch#&ir of the Vaccines and Related Biological Products
Advisofly Committee. We have a very busy agenda for the whole
day. Bo begin, I would like to turn the meeting over to Nancy
Cherry9from CBER for various administrative issues. Nancy?

10 MS. CHERRY: Good morning, and I would add my
welcomé& to Dr. Ferrieri's. I have a conflict of interest
statem@&nt or a meeting statement to read, and it includes some
annoud8ements. This announcement is made a part of the record
at thid meeting of the Vaccines and Related Biological
Produdts Advisory Committee on May 26-27, 1998. First, we
wouldlbike to acknowledge and welcome the new members of the
commififee, Drs. Robert Daum, Dianne Finkelstein, Steve Kohl
and DiSie Snider. Another new member, Dr. Kwang Sik Kim, was
not alkiBe to be here today but will join us at the table
tomor2dw. Two other members of our committee, Dr. Ada Adimora
and M#ty Estes are absent from this meeting.

22 Second, you may wonder why your agendas start
with @8ssion 2. It was because there had been a closed
sessi@d planned for early this morning, that was Session I.
When ®hat was canceled, everything else had already been

numbe?éd Session 2, Session 3, and Session 4, so we did not go
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back. 1So, I apologize if you are confused by your agenda.

2 Then, under the authority granted under the
commitBee charter, the Director of FDA's Center for Biologics
Evalua##ion and Research, or CBER, has appointed the following
individuals as temporary voting members for all committee
discus$ions: Drs. David Karzon, Theodore Eickhoff, Thomas
Fleming, and Robert Breiman. Additionally, the Director of
CBER h&s granted voted privileges to Drs. Claire Broome and
Benjam®Pn Luft for the session on Lyme disease. In addition,
the 1448d Deputy Commissioner of FDA has appointed Drs.
Patridila Coyle and Raymond Dattwyler, who are consultants in
the CdRter for Drugs Evaluation and Research, as temporary
voting3members for the discussion on Lyme disease. Finally,
Drs. QHarles Carpenter, Randall Holmes, Alison O'Brien and
Nathadbel Pierce have been granted voting privileges during
the sd$sion on cholera vaccine. During the discussions on
oral pdlio vaccine labeling, we will be joined at the table by
Drs. G&8cffrey Evans of HRSA and Ms. Sandy Rovner, who has been
appoini®ed as a patient representative for the session.

20 Based on the agenda made available and on
relevait data reported by participating members and

consulRants, all financial interests in firms operated by CBER
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that mdy be affected by the committee's discussions have been
consid@red. In accordance with federal law, the following
individuals have been granted waivers which permit them to
participate fully in the committee discussions on the
inclusbon of a boxed warning on package inserts for vaccines:
Drs. Chements-Mann, Edwards, Ferrieri, Greenberg, Hall,
Poland,! Finkelstein, Kim and Daum. In addition, Dr. Daum has
disclo8ed a potential conflict of interest which has been
deemed 9%y FDA as not requiring a waiver, but does suggest an
appeatdnce of a conflict of interest. A written appearance
determine under 5 C.F.R. 2635.502 of the Standards of Ethical
Condud® has been granted to permit Dr. Daum to participate in
the diScussions of Lyme disease and on the discussion on
includfon of a boxed warning on package inserts for vaccines.
15 The Food and Drug Administration Modernization
Act o0fi61997, Section 505, included a new description of
conflidt of interest. Accordingly, the following individuals
have hB&en granted waivers which permit them to participate
fully1l®n the committee discussions: Drs. Edwards and Daum for
Lyme @0sease, cholera, and inclusion of boxed warning for
vacciés, and Dr. Greenberg for the discussion on cholera and

for tRB& boxed warning on package inserts for vaccines.
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Additidnally, it should be noted for the record that Dr.
Raymond@ Dattwyler is negotiating to present a general lecture
on Lym&8 disease supported by SmithKline. We should also note
that DA. Patricia Coyle consulted on one occasion with
SmithKbine in 1995. At that time, she reviewed monkey data
pertinént to the vaccine which is not expected to come before
this cmmittee. She did not review human vaccine data.

8 Regarding FDA's invited guest, Ms. Sandy
Rovnerd the Agency has determined that her services as a
patiedt representative are essential to the discussions on the
includion of a boxed warning on package inserts of vaccines
includ®ng oral polio. Ms. Rovner has no financial interests
to repdrt.

14 In the event that the discussions involve
specifibc products or firms not on the agenda for which FDA's
partidfpants have a financial interest, the participants are
aware 1ldf the need to exclude themselves from such involvement
and tA&ir exclusion will be noted for the public record.
Screed®dngs were conducted to prevent any appearance, real or
apparefit, of conflicts of interests of statements, and
appeafdnce determinations addressed in this announcement are

availaBle by written request under the Freedom of Information
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Act. With respect to all other meeting participants, we ask
in the2interest of fairness that they address any current or
previods financial involvement with any firm whose products
they wi#sh to comment on. Dr. Ferrieri?

5 CHAIRPERSON FERRIERI: Thank you very much. I
would bike to start then by introductions from the committee
memberd. If we could start on my very far right with Dr.

Poland8 Give your institution, please.

9 DR. POLAND: Greg Poland, Mayo Clinic,
Rochedber.
11 DR. EDWARDS: Kathy Edwards, Vanderbilt

Unive#fity, Nashville.

13 DR. HUANG: Alice Huang, CalTech.

14 DR. SNIDER: Dixie Snider, Centers for Disease
Contrdb and Prevention.

16 DR. GREENBERG: Harry Greenberg, Stanford
Unive#dity and the Palo Alta VA Hospital.

18 DR. CLEMENTS-MANN: Mary Lou Clements-Mann,

Johns 1Bopkins University.

20 DR. DAUM: Robert Daum from the University of
Chicaga.
22 MS. COLE: Rebecca Cole, Consumer
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Represédntative, Chapel Hill, North Carolina.

2 CHAIRPERSON FERRIERI: Patricia Ferrieri,
Univer8ity of Minnesota, Minneapolis.

4 DR. KARZON: David Karzon, Vanderbilt.

5 DR. KOHL: Steve Kohl, University of
Califo¥nia, San Francisco.

7 DR. FLEMING: Thomas Fleming, University of

Washington, Seattle.

9 DR. EICKHOFF: Ted Eickhoff, University of
Colorddo.
11 DR. BREIMAN: Rob Breiman, National Vaccine

Progrdm® Office.
13 DR. LUFT: Ben Luft, State University of New

York d# Stony Brook.

15 DR. BROOME: Claire Broome, CDC.
16 DR. COYLE: Pat Coyle, SUNY at Stony Brook.
17 CHAIRPERSON FERRIERI: Thank you very much. We

may hd®8e another committee member join us who is not here yet.
We wil® start the program, then, with the open public meeting.
I would like to caution everyone what the rules of the
commi®fiee are. You have to raise your hand to be recognized

and tR&n you will be called upon. Please give your name
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beforelyou speak because everything you say is recorded here
today, 2whether you wish it or not.

3 MS. CHERRY: Your name and your affiliation.

4 CHAIRPERSON FERRIERI: Yes, thank you, Nancy.

So we will start then with a request to speak by Dr. Howard
Six frém Pasteur Merrieux Connaught. Dr. Six, could you come
forward, please?

8 DR. SIX: Good morning, members of the
commit®ee, members of the FDA, and ladies and gentlemen. Over
the ndgt few minutes, it will be my pleasure to update you of
the p#dgress of Pasteur Merrieux Connaught in the development
of a d@zndidate vaccine for the prevention of Lyme disease.

13 The vaccine carries a trade name called
ImulLyid. It is composed entirely of the outer surface
proteid, which is the OspA or outer surface protein A. The
proteid®w in the vaccine is indistinguishable from that found in
Borrelila burgdorferi, the agent that causes Lyme disease. The
proteid® is cloned from or is produced by cloning from the B31
straid9 Each half ml liguid dose is formulated to contain 30
microgfams of protein, and the protein is dissolved in a
solut®?dn of phosphates and .03 percent saline.

22 Over the course of the last several years, we
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have cdnducted five large clinical trials. We have had one
Phase 2 and three that were considered to be Phase II. The
first 8f those was in serum negative individuals and the
second4was in individuals who had a history of lyme disease,
some ob which were antibody positive at the time of
vaccin&tion and some of which were not. There was a large
consisflency lot trial and a Phase III trial, which I will
descrilBe in detail in just a couple of moments.

9 In each of these trials, we have followed the
individ@uals for a full 24 months, as was the consensus of the
1994 Advisory Committee Meeting to assess the safety of Lyme
vaccidé@s. Also consistent with the recommendations from that
meetidd, we have restricted our assessment to individuals
greaté® than 18 years of age.

15 The pivotal trial was a large, randomized,
doublésblind placebo control trial, multi-centered involving
14 siftds in the northeast and the upper midwest. The
recipilénts or volunteers either received two doses of 30
microdPBams of OspA in the spring of 1994 or a placebo which
consi2fed of phosphate buffered saline. At one year after the
first2immunizing dose, a booster dose was administered and

blood2@raws were obtained before dose 3, after dose 2, after
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dose 31 and an acute and convalescent sera was obtained from
indivi&uals suspected of having Lyme disease. The primary
endpoiBt was the prevention of Lyme disease.

4 Inclusion criteria were individuals who were 18
years &f age or older and in good health at the time of
enrollment, and individuals who were considered to be at high
risk off acquiring Lyme disease. That is, they lived in an
area kBown to be endemic for Lyme disease, and they also had
reason® for being outside either through their job or through
hobbid® so that they would be expected to be exposed.

11 The case definition was essentially that that was
agreed2to by the Advisory Committee Meeting in 1994 and
finalil3ded by agreement with the FDA. In essence, this meant
that d4person to be considered a definite case of Lyme disease
had td5have clinical symptoms at the time they were seen by a
physidban. Usually these were manifestations of early Lyme
diseadd, primarily erythema migrans. Also, it required
labord®Bory confirmation of the infection, either through a
positi®¥e skin biopsy culture or through Western blot serology
using2the Dearborn criteria of sero conversion.

21 Shown at the bottom of the slide are a synopsis

of th&2reactions that were seen from the more than 10,000
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individuals that were followed over the two-year period.
Brieflg, the administration of the vaccine was not associated
with aB increased frequency in serious adverse events --
vaccind adverse events. There was an increase in frequency in
the lodal and systemic reactions which were generally
transiént and mild and resolved completely within 72 hours.
There wWas no increase in the frequency of serious adverse
eventsB8associated with either the first two doses or the
booste® dose.

10 5,868 volunteers received the first two doses
of thédlvaccine. 3,755 received three doses of the vaccine.
As medARioned previously, the local reactions were mild to
moderdBe and usually resolved within 72 hours after
adminidtration of the vaccine. Serious adverse events --
therelbere 6 percent incidence after ImuLyme and 7 percent
afterlplacebo. None of these were felt to be vaccine-related.
Thankl{ou very much.

18 CHAIRPERSON FERRIERI: Thank you, Dr. Six. We
will m&ve on with the program them.

20 MS. CHERRY: We have on other, Ms. Forschner.

21 CHAIRPERSON FERRIERI: Our next presenter is

Ms. K&Pen Forschner from the Lyme Disease Foundation. Would
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you coite forward, please?

2 MS. FORSCHNER: Good morning, everyone. I am
Karen Wanderhoof-Forschner. I chair the Board of Directors of
the LyMe Disease Foundation. The Lyme Disease Foundation is

the fibst and largest scientific non-profit dedicated to
finding solutions to Lyme disease and other tick-borne
disordfrs. Our Board of Directors includes a former
Congredsman, the scientist who discovered the causative agent
agains® Lyme disease, business leaders, public health
officidls, and patients. 1998 marks our 10th year
annivé#sary.

12 As you know, Lyme disease is a serious multi-
systemBc infection transmitted by the bite of several ticks.
Lyme d#sease is a world-wide problem and was first discovered
and dédscribed over 100 years ago in Europe. The first U.S.-
acquiteéd case was medically published in 1970 by Dr. Scrimenti
in Wid&donsin. 49 states have reported 112,000 Lyme disease
cases1lBo the CDC since 1980. Published articles prove that
the ad®Bual numbers are 13 to 15 times higher or 1.5 million
cases20 This excludes those cases that fall outside reporting
crite?ia.

22 Lyme disease is a country-wide problem not
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limited to just hot-spots. As a matter of fact, by
misporfraying the disease as limited to a few northeast/upper
midwes8 states and California, people in other parts of the
countrg¢ feel they are not at risk for Lyme disease until it is
too late. Taking a look at one year's case reports, you can
find tkat North Carolina, California, Texas, Tennessee, Ohio,
OklahoWa, Oregon, Missouri, West Virginia, Alabama, Kansas,
NevadaB Mississippi, Florida, Georgia, Illinois, Iowa and
Kentucky counties in those states have more cases than some
countids in hyper-endemic areas in New York and New Jersey.
11 Lyme disease causes both diagnostic problems,
as thd2bull's-eye rash which is most distinctive we now know
is nofi3the most common, and testing is an iffy use for
diagnddis. A study by the Society of Actuaries in the New
York Udiversity Stern School of Business shows that Lyme
disead® can be very costly to society as well as individual
familids. A survey of 1,000 patients with difficult cases
shows18hat it took on average 5 doctors to get diagnosed with
Lyme dPsease at a cost of $60,000.00. To select out that
group2fo those who just had the EM rash, it took on average 5
doctoRd4 and $60,000.00. So the hallmark rash didn't help

those2gatients get diagnosed any more rapidly. 70 percent had
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a knowd tick bite, 46 percent had a rash, 41 percent had a
rash ad a bite.

3 Lyme disease can be very costly. With the
averagd case of $60,000.00 for this group, it comes to a total
cost ob somewhere between $1.5 to $2 billion per year. 23
percent of that is in lost income, 24 percent is in medical
testing before the diagnosis, and then half is in the testing
and trd&atment after diagnosis. 89 percent of that population
were ndt symptom-free. Lyme is a multi-system disease with
patiedfls having an average of four organ systems involved.
Equal linvolvement in this group was neurologic and
rheumd®ologic problems being number one and two. Severe
fatigd8, ophthalmologic problems and cardiovascular problems
follow4up. The majority of patients had non-cash losses,
thoselbthat are never measured for most of the published
studié$. 71 percent suffered mental anguish. 41 percent had
physiddl damage, either neurologic or rheumatologic. 19
percedB lost time at work and 17 percent lost time at school.
2.5 pédfcent divorced and 1 percent died. Another study showed
that 20 percent of new cases were severe enough to need IV
medicafiions.

22 At its worst, Lyme disease has shown amongst
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some off these patients physicians that are either uncaring or
so fru&trated that the patients themselves are sometimes
blamed3for their ongoing problems. In reverse, sometimes
patientds are so frustrated that they accuse the doctors of
underdbagnosing for personal profit.

6 In face of these many controversies and as a
result 70f no perfect test, insurance companies are cutting off
access8to both diagnostic tests and treatments. 1998 and 1999
will b®&® banner years for Lyme disease and other tick-borne
disorddrs. E1 Nifio and other factors will keep this disease
in thélheadlines.

12 The alternative is now here, a safe and
effeciBve vaccine. One that holds the potential for
substddtially reducing case of Lyme, the cost to society, and
the sibfering not only amongst patients but the physicians
too. 1B urge you to review the data and make a rapid and fair
decisidn. I look forward to the day when additional makers of
vaccidds will jump in and start a very strong competition with
a secd®d and third generation vaccine and driving the price
down. 20

21 I know that we all want to preserve good

healtR®2 1If you want to see the impact that Lyme disease has
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on many} families, I encourage you to watch the TV documentary
that 12 airing on Saturday, May 30, this weekend, on the
Lifetime Network channel at 10:30 Eastern and Pacific, 9:30
Central, and 8:30 Mountain Time. I thank you for your time
and adiire those that have both been in the vaccine trials and
that h&ve monitored and been involved in that. I consider you
heros JYong-term. Thank you.

8 CHAIRPERSON FERRIERI: Thank you, Ms.
ForschR®er. I extend the committee's sympathy to you and your
familgOon the loss of your child from Lyme disease. We will
move Adw to the open session on LYMErix, the recombinant
lipop#&@tein OspA Lyme vaccine from SmithKline Beecham
PharmdB8euticals with the introduction by Dr. Karen Elkins from
the FDA. And following her presentation, we will move on then
to thdb5sponsors presentation.

16 DR. ELKINS: Good morning. On behalf of the
Resea#tdh and Review Division at CBER, I would like to add my
welcom® to today's session, which promises to be very
interé8ting. We would like to ask the committee members to
consi@®r the safety, efficacy, and seasonal use of a new Lyme
vaccié from SmithKline Beecham, and to provide advice on use

in pe2fons over 70 and on any additional studies that should
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be condidered. My particular purpose is to provide a brief
overvi@w to the subject at hand.

3 Borrelia burgdorferi is the causative agent of
Lyme d#sease. There are three major species, all of which
cause disease with somewhat different manifestations in
Europe6 However, in the United States disease is caused
almost 7exclusively by Borrelia burgdorferi sensu stricto.
This 18 a vector-borne disease transmitted by tick bites,
typicadly the deer tick. In the natural history of infection,
it islfotable that previous infection does not necessarily
providé protection against a subsequent exposure to Lyme
diseadé&.

13 As with all bacteria, there are a number of
outer ldurface proteins, and one of the earliest to be
charadberized from this particular bacteria was designated
outerl$urface protein A or OspA. This is a major component of
the bddterial cell surface, and it has a number of biological
functiéns. It has been reported to be a plasminogen receptor,
and thAPs property is thought to be important in the
pathog@énesis of the disease. OspA is also highly immunogenic
and i21lis an immunomodulator being reported to cause B-cell

proliP@ration and cytokine secretion in both animal and human
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cells.1l This is a lipidated molecule and the lipidation is
critic2l in immunogenicity and immunomodulatory activity of
OspA, But not apparently in its function as a plasminogen
receptdr.

5 OspA appears to be a highly conserved molecule.
Minima® sequence variation has been reported in OspA gene
sequende to date from Borrelia burgdorferi sensu stricto
isolatés on the order of 1 to 4 amino acids being noted. Most
interedtingly, the expression of the molecule is locally
reguld®ed. OspA is expressed in high quantities on the
surfadé of the bacterium when the bacterium is located in the
mid gd® of the tick, but is apparently down-regulated as the
bacte#Bum transverses to the salivary glands of the tick and
the tidk takes a blood meal, and further down-regulated as the
bacte#bum enters the host.

16 In the literature, an association between anti-
OspA difimune responses and the development of Lyme arthritis
has béén noted. Specifically, this association appears
operafibve in treatment-resistant chronic Lyme arthritis, a
rare @0mplication of late Lyme disease, in which patients
treat@d apparently appropriately with antibiotics to the point

of er&@ication of the bacterium nonetheless continue with a
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courselof arthritis. This has led to the suggestion that the
arthri®is has moved from an anti-bacterial response to an
autoimBune response.

4 Treatment resistant chronic Lyme arthritis has
been asSsociated with anti-OspA antibodies as well as with
certaiw Class II major histocompatibility genes, particularly
certaif DR4 and DR2 alleles. And this observation would be
more cé@nsistent with a role for cell-mediated immunity in the
pathogénesis of late Lyme arthritis.

10 FDA is aware of very recent data that further
suppoifis the hypothesis that cell-mediated immunity may be
involdt&d in the pathogenesis of treatment resistant late Lyme
arthriBis. In data that the sponsor will discuss in further
detaild4today, it has been observed that synovial T cells from
some pé&ople with treatment-resistant Lyme arthritis respond to
full léngth OspA, particularly a particular peptide from OspA.
This pgdptide binds to certain DR4 alleles, namely the same
ones pBeviously associated with late Lyme arthritis, providing
a mold®ular explanation for the recognition of OspA. Further,
the p@&ftide shares sequence identity to some sequences in a
human 2grotein, leukocyte function antigen 1 or LFA-1, which is

expre2®ed on human T cells, particularly activated human T
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cells duch as might be present in an inflamed joint.
Furthe®, the synovial T cells from some patients with
treatmént-resistant late Lyme arthritis appear to respond to
LFA-1 #tself, leading to the hypothesis that LFA-1 is a
candiddte autoantigen, explaining the pathogenesis of this
phase &f the disease. On the other hand, it is not clear
what, #f any, implications these data, which relate to the

naturaB history of disease, have for vaccination with OspA

itself9
10 FDA has also recently become aware of
preliminary data concerning T cell responses of vaccinees. 1In

a small2 subset of patients, peripheral blood was collected to
studylproliferative and cytokine responses to OspA after the
conclidion of the pivotal efficacy trial. 1In these patients,
T cellbresponses to full length OspA and to the peptide in
questilén have been detected. However, T cell responses to
LFA-117tself have not yet been studied. And it should be
noted1lBhat in the pivotal efficacy trial, no apparent increase
in thé&9frequency of arthritis was noted in vaccinees as
compa?€d to placebo recipients. And this safety data will be
discugded in further detail today as well.

22 OspA has also long been of interest for its
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role ad a protective antigen. Mice, dogs, guinea pigs and
other &nimals vaccinated with OspA are protected against a
subsegdent challenge with virulent Borrelia burgdorferi,
whethed introduced by needle or by exposing vaccinated animals
to Borbelia infected ticks. Further, human sera with anti-
OspA attibodies are able to transfer protection to mice
againsf a virulent Borrelia challenge, whether introduced
again &ither by needles or by exposure to infected ticks.

9 So on the basis of pre-clinical studies as well
as ea#tDy clinical studies in Europe, SmithKline selected the
partiddlar formulation of OspA to be discussed today. The US
IND fd2 Phase II studies was initiated in 1994. The pivotal
PhaselBII efficacy trial began in early 1995 and was completed
in lafid 1996. After analysis of the data, the product license
appliddtion and the companion establishment license amendment
were dwbmitted in 1997, and bridging studies for the final
manufddturing scale-up were initiated in 1997, completed and
added1B8o the PLA in 1998, bringing us here today.

19 A note about the implication of vaccination
with Q8pA for a diagnosis of subsequent Lyme disease itself.
Many @dmmercial ELISA kits use plates that are coated with

whole2Borrelia burgdorferi, and whole Borrelia grown in-vitro
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do expftess OspA on their cell surface. Thus, vaccination with
OspA may lead to false positive ELISA results when this method
is used for detection of disease. However, the OspA band is
not pa#t of the standard criteria for interpretation of
Wester®d blots, and thus vaccination should not lead to false
positive Western blot results when these criteria are applied.
Furthe? generation ELISA kits that will avoid this confusion
are al8o under development.

9 So the formulation to be considered is 30
microdfams of recombinant lipidated OspA in .5 ml of phosphate
buffe#éd saline absorbed to aluminum hydroxide and containing
2-phed@xyethanol as a bacteria static agent.

13 The questions that we would like the Advisory
Commifidee to consider as the day progresses are as follows.
Numbe# Sone, are the data sufficient to support the conclusion
that flke vaccine is safe for immunization of individuals 15 to
70 yed#ls of age? Number two, are the data sufficient to
suppo#® the conclusion that the vaccine is effective against
defini®e Lyme disease in individuals 15 to 70 years of age
when §gdven on a 0-1-12-month schedule? Number three, please
commeRrfi on the use of Lyme disease vaccine in persons over 70

years2@f age. Number four, in the efficacy trial,
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vaccindtions were given just before the Borrelia burgdorferi
transm®ssion season at 0 and 1 month between January 15 and
April B5 and then 12 months later between approximately
Februady 15 and April 30. Should a similar seasonal
vaccindtion schedule be recommended in the package insert?
Number 6five, are there any additional studies that should be
performed by the sponsor? And unless there are any very
generaB questions from committee members, I think we should
proceed® to the sponsors presentation.

10 CHAIRPERSON FERRIERI: Thank you.

11 DR. PIETRUSKO: Good morning. On behalf of
SmithKP2ine Beecham Pharmaceuticals, I would like to thank the
FDA aidd the Advisory Committee for allowing us the opportunity
to ret#ew data on LYMErix, our new vaccine for the prevention
of Lyié disease that is currently under review by CBER at this
time. 16

17 The efforts of many researchers, investigators,
and cdBleagues are appreciated as well as the family support
in briRging this product forward at this time. SmithKline
Beecha&f now also would like to publicly recognize the fine
efforfd of the CBER review team under the leadership of Dr.

Karen?2Rlkins. Oftentimes, the truly remarkable efforts of the
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Agencylgo unrecognized. This team worked diligently and
providé@d valuable scientific input as well as prompt feedback

during3the review process.

4 Lyme disease is a medically important
conditbon. LYMErix is a novel vaccine for the prevention of
this emerging infection. It also has a unique postulated

mechanism of action working in the mid gut of the tick. You
will hé&ar more about this later on in the discussions by Dr.
Yves Ldé&bet.

10 The presentation by SB will take approximately
90 middtes or less, and it is requested that questions be held
by thé2committee until all presentations have been made since
many d3estions may be answered during latter presentations.
The addnda is outlined as follows. After a brief introduction
and otérview, Dr. Robert Schoen, clinical professor of
mediciwe from Yale University School of Medicine, will
descriBe Lyme disease with emphasis on the epidemiology of
this derging disease.

19 Following Dr. Schoen's presentation, Dr. Vijay
Sikan@p who is primarily a family practitioner from East Lyme,
Conne@fiicut, will describe the need for the vaccine. Dr.

Sikan@2sees many patients and a variety of medical conditions
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including Lyme disease. He is also adjunct Assistant
Profes&or of Medicine at Tufts University School of Medicine,
and was one of the investigators who participated in the large
contro#led clinical trials.

5 Following Dr. Sikand, Dr. Yves Lobet, a senior
scientbst in R&D, SmithKline Beecham Biologicals in Rixensart,
BelgiuMl, will discuss the preclinical development of the
vaccind, including how the vaccine possibly may work.

9 The next topic on the agenda is a discussion of
the clinical experience with LYMErix from the large, double-
blindllrandomized clinical trial that was conducted in the
U.S. 12 more than 11,000 subjects. This will be presented by
Dr. AlBen Steere, who is very well known to this committee and
reseaftdhers in the field of Lyme Disease. Dr. Steere served
as thdbcoordinating investigator for this clinical trial and
is thé&6Zucker professor of rheumatology and immunology at
TuftslUniversity School of Medicine in Boston.

18 This will be followed by a presentation by Dr.
Dennid 9Parenti, Director of Clinical R&D within SmithKline
Beechaf Biologicals. Dr. Parenti will discuss the
immun&denicity and the safety data primarily from the pivotal

study?22
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1 After Dr. Parenti's presentation, I will make a
few br2ef concluding remarks and any questions from the
commitBee will be fielded at that time.

4 As mentioned previously, LYMErix vaccine
contailds recombinant DNA-expressed lipoprotein outer surface
protei®w A that is commonly abbreviated as OspA. It is
expresfSed in E.coli and transformed with OspA gene from
BorrelBa burgdorferi sensu stricto species. Dr. Lobet will go
into f®rther detail during his presentation.

10 The production process is relatively standard
for al#tecombinant DNA vaccine product. As can be seen by the
flow dRagram, the antigen is expressed in E.coli and undergoes
a sepdBation and purification process. LYMErix vaccine itself
contalds a single 30 microgram dose of lipoprotein OspA
antigdnd per 0.5 ml. In addition, aluminum hydroxide is
includéd in the dose of 0.5 mg as an adjuvant. A phosphate
buffe#7is employed and 2-phenoxyethanol is included as a
bacte#Ba static agent.

19 SmithKline Beecham Biologicals in Rixensart,
Belgi@f is responsible for quality control release testing of
the p2dduct. This includes tests for identification, potency,

puritg2 and stability of the product. This is a listing of
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all thé tests that are done in the final container in
Rixens&rt prior to release.

3 As mentioned previously, the IND for LYMErix
was filed in the U.S. in February of 1994. Shortly
thereabter, there was an FDA advisory committee meeting that
was hebd in June of that year to discuss a clinical trial
design7for the efficacy and safety of a Lyme disease vaccine.
All re®ommendations discussed at this meeting were
subseg®ently incorporated into the clinical trial protocol
that wds initiated in January of 1995. Another advisory
commififee was held in April of 1996 to address criteria for
evalud®ion of the vaccine in the pediatric population. The
PLA wd8 filed in 1997, and this was the first totally
elect#dnic submission for a preventive vaccine within the
Officéd50f Vaccines and Related Biological Products.

16 I just mentioned the June 1994 Advisory Meeting
discudfed various issues regarding clinical trial design.
This d8cluded the case definition of Lyme disease, and at that
time 1® was determined that the CDC case definition would not
be sufPicient for the clinical trial evaluation. The
definPfiions of primary and secondary endpoints were discussed

as wel? as a determination that safety and efficacy data
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shouldlbe followed for a period of two years. Collection of
data 12 subjects with a previous history of Lyme disease also
was suggested. The committee's specific recommendations were
incorpdrated into the study design. The efficacy criteria,
case définitions, and results will be discussed by Dr. Steere
in hisépresentation.

7 Another major focus of the April 1996 Advisory
CommitBee Meeting was on the pediatric development of the
vaccin®. 1In addition, there were three theoretical issues
that wére discussed. This included exacerbation of Borrelia
burgdd#feri pathology in individuals that had a previous
histo#g of Lyme disease; alteration or attenuation of a
disead8 presentation, a theoretical concern that the wvaccine
may cddcern the presentation of the presenting symptoms or
actualby mask the presentation with resultant asymptomatic
infecfiton, the disease going underground; and the third issue
of coddern was the induction of autoimmune arthritis due to
produdBion of anti-OspA antibodies.

19 Currently, the application is under review at
the FRDA. In addition, this year a filing was made in Canada.
This Rds received priority review status and is currently

under 2Review.
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1 Regarding the clinical experience with LYMErix,
as of Roday more than 12,000 subjects have received at least
one do8e of the vaccine. This includes the approximately
5,000 dubjects who received LYMErix in the controlled clinical
trial &s well as the placebo subjects who have been crossed
over. 6In addition, 28,000+ doses have been administered.
Over 300 children ages 15 to 18 years of age have been
vaccindted in the controlled clinical trial and more than
1,200 Subjects with a previous reported history of Lyme
diseadd have also been included in those particular studies.

11 Based upon the results of the efficacy trial
and thA&se data, SmithKline Beecham is proposing the following
indicdBion. LYMErix is being proposed to be indicated for the
prevedtdion of Lyme disease and asymptomatic infection caused
by st#&ins of Borrelia burgdorferi endemic to North America.
It wildb be indicated in adults and children 15 years of age
and alldve, including individuals with a history of Lyme
diseadd. The dosing regimen being recommended is a 30
microdfam dose administered intramuscularly at 0, 1, and 12
month&p and the same dose is being recommended for adults and
childfén 15 years of age and above.

22 In summary, the manufacturing process by which
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LYMErig is produced is both consistent and validated. It is
producé@d in a facility whose experienced staff has produced
vaccin&s for the U.S. market for many years. You will hear
data pdesented this morning from Dr. Allen Steere that
demonstrate LYMErix is efficacious. You will also hear data
presented by Dr. Parenti, who will show that LYMErix also is
highly7immunogenic, safe, and well-tolerated. ©Now I would
like t8 introduce Dr. Robert Schoen, clinical professor of
medici®e at Yale University School of Medicine, who will
discudd Lyme disease and its epidemiology. Dr. Schoen?

11 DR. SCHOEN: Thank you, Bob. 1It's a pleasure
to hat& an opportunity to appear before this advisory
commifiBee. My name is Robert Schoen. I am a rheumatologist
in New4Haven, Connecticut. I participated in the pivotal
PhaselBbII Lyme disease study that you will be hearing more
about 1#s an investigator at a site at Yale University where we
enrollédd approximately 1,000 volunteers as subjects.

18 Lyme disease is now the most common vector-
bornelPllness in the United States. Lyme disease is both a
new d28ease and a newly recognized disease. And to get a
sense2df what has happened over the past 20 years, I thought I

would2Begin with a picture taken from Joshua Town Road. I
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hope tHat you can see this decaying barn in a field which at
one timMe was pasture. There was intensive farming in this
area wBich has largely been abandoned. The forest is taking
over adain both in rural and suburban areas throughout the
northedst, and this is perhaps seen better here than
elsewhére, but this is a phenomenon throughout the area. This
is a pfleferred habitat for deer and therefore deer ticks. So
one aspect of the rise of Lyme disease in the United States is
not my®terious. It is this change in habitat which is leading
to anlémergence of deer throughout much of the northern United
Statedl

12 As you have already heard, there has been a
very d4Bgnificant increase of cases of Lyme disease as reported
by thé4Center for Disease Control beginning in the early
1980'45 What I would like to do to give you a sense of
backg#éund is to try to look a little bit behind this data to
get aliense of the factors that are responsible for this
incred$e in Lyme disease cases, which seems to continue right
to thd9%resent time.

20 It is important to understand the ecology of
the t2dk vector. One of the questions before you relates to

the s&&sonal nature of this illness, at least in terms of the

NEAL R. GROSS 34
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



onset A4f early disease. And as I think most of you are aware,
multipPe studies have shown data like this in which most cases
of Lym& disease occur in the late spring and early summer. I
have bden looking at pictures like this for years, but it
reallybcame home to me at our site in New Haven, where we had
almost 61,000 volunteers, as to how many individuals we would
see du¥ing the period beginning right about now and extending
into tBe early summer. This is because it is at this time
that tRe nymphal tick Ixodes scapularis is active and feeding.
We andOour pets are innocent bystanders in this life cycle.

11 Another feature of the epidemiology of Lyme
disead® worth commenting on is this apparent bimodal
distriBution of early cases. One can see that children are
certaldly affected by Lyme disease. There seems to be not
only 1% this data from Connecticut but in national data as
well d6falling off, perhaps these people are hard at work or
at schdol, and then later in life in the middle years, both
recred®Bional and vocational activities presumably take people
back d&8®tdoors and back out to Lyme disease exposure.

20 So are there factors that we can examine
brief?¢ behind the CDC data to give you a sense about what has

happe2@d with respect to Lyme disease over the past 20 years?
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We havé already talked about these environmental trends and
the faét that the emergence of Lyme disease parallels the
reemer@ence of deer in many habitats throughout the United
States4 There has also been a geographic expansion of
diseasé&. Clearly there has been an increasing public
awarendéss, an awareness by physicians as well as a degree of
over-diagnosis. And finally, as has been mentioned earlier,
while 8his factor has received attention, less attention has
been réceived to perhaps the more important problem of
physidfan under-reporting, and I will touch on that.

11 Lyme disease has been reported in 48 states,
but abdut 80 to 90 percent of the cases occur in this very
populd3s northeastern corridor beginning about Cape Ann,
MassadHdusetts down to this area. In addition, Lyme disease
for sdmhe time has been recognized in the midwest in Minnesota,
Wiscod$in, and perhaps parts of Michigan. There are other
case #fports throughout northern California and adjacent
stated8as well as, as has been mentioned, more scattered
report® throughout the entire country.

20 Most of the increase in cases seems to occur
not s@lmuch in highly endemic areas but in adjacent geographic

regioR2. For example, in Connecticut in a 12-town region
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aroundlLyme, which is highly endemic for the disease, the
number 20f cases over the past five years or so has been fairly
stable3 But throughout the rest of the state, we see many
more cdses in other counties such as Fairfield County,
Connecticut, Litchfield County, and New Haven County. And it
is thi$ geographic spread of the disease which seems to result
in theSe additional cases.

8 Now as with any newly recognized disease, there
has beén increasing physician awareness of the illness and
awareddss by patients through conventional channels. But in
additidn, Lyme disease has generated intense attention within
the md@ia and within the public. And some of this attention
has bédén quite anxiety-provoking. For example, in this
articld which is now almost 10 years old, Lyme disease is
described as a mysterious illness. And I think that probably
all ofiéthe members of the Advisory Committee have a sense of
this d9pect of Lyme disease which has occurred over the past
20 yedBs. But clearly this has some role in the tremendous
interé&d®t in this illness as well as in its reporting.

20 Several lines of evidence suggest that Lyme
diseagd is very much under-reported. Data from Maryland as

well 22 this study from Connecticut all point to the fact that
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perhapd only about 10 percent of cases or so are actually
report&d by physicians unfortunately. In this study done by
Matthew Carter and associates at the Connecticut Department of
HealthA you can see that through an active surveillance, they
identibied about 1,000 cases among 400 physicians who maintain
an actbve Lyme disease surveillance. With almost 11,000
practiding physicians in Connecticut, the number of cases
report&d was only about 10 percent of the expected reporting.
9 So in summary, Lyme disease is a rapidly

emergiflg infection. It is already the most common vector-
bornelillness in the United States, and yet the incidence
contid®es to increase. The illness is spreading
geogrdphically, primarily from highly endemic areas to
adjacéddt regions. A number of factors influence CDC data, but
one tdbkeep in mind is this phenomenon of under-reporting,
whichlbay therefore underestimate the true health burden in
terms 19f morbidity and cost of Lyme disease. Thank you for
your d8Btention.

19 DR. PIETRUSKO: Next we will have Dr. Vijay
Sikan@0with a presentation on the need for a vaccine.

21 DR. SIKAND: Thank you. I am not sure -- I

have 22number of slides which are pictures, and if they don't

NEAL R. GROSS 38
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



come oudt clearly, may I ask the person who is controlling the
lights2to turn them down just a little bit if that is true.
My nam& is Vijay Sikand. I am a family physician in the Lyme,
Connec#icut area, where I have been for approximately 15
years.5 During that time, I have included academic research in
Lyme dbsease as part of my primary care practice.

7 CHAIRPERSON FERRIERI: Excuse me, Dr. Sikand.
Can yo8 please use the microphone? Our recorders are having
problemfs.

10 DR. SIKAND: Thank you for pointing that out.
As I wds just saying, I included research in Lyme disease as
part &2 a primary care practice for a number of years. 1In
early1B995, 1,200 volunteers came to my office to enroll in
the Sm#AthKline Beecham vaccine trial which we are discussing
todayl5 Almost three and a half years later now, greater than
92 peféent of those patients are still providing me with
clinid@dl follow-up.

18 Why do we need a vaccine for Lyme disease? It
has bé&é&n almost a quarter century since Lyme disease was first
descr?ed as an emerging infection in this country. During
these2fears a number of factors, epidemiologic factors and

clini@®l factors, have resulted in considerable morbidity in
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burgeoding numbers of patients. This burgeoning load of
diseas& as well as the increasing number of patients thus set
the stdge for prevention of this disease with a vaccine.
Today, 41 will present to you some of the factors in a brief
synopsbs illustrating the need for a vaccine for Lyme disease.
The ilbustrations which I will present to you, some of them
are frdm my private practice and some of them are from the
vaccind study.

9 The first factor is an epidemiologic factor,
and thADs has already been discussed by Dr. Schoen. And that
is thdfi there is indeed a progressive increase in incidence of
Lyme dPsease. The second factor also epidemiologic is the
relenfiBess geographic spread of this disease. There are new
endemid areas being created annually and the disease burden is
indeedb5growing.

16 The ineffectiveness of preventive measures
whichlwe attempt to practice is another important factor. We
have fiBied various chemical and other means. Why have
preved®ive measures, which are indeed important, not been
effecdve in preventing an increase in cases of Lyme disease?
And b&fiore I answer that question, let me underline the fact

that 22indeed believe it is important that we continue to
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practide preventive measures because of co-infection with
other 2llnesses besides Lyme disease. One obvious reason is
that i8 is very impractical to practice certain protective
measurds. This individual in the Lyme, Connecticut area
desire$ to do some outdoor work and does not want to be bitten
by a ttck. But the point is it is very difficult to ask
childré&n or anybody else for that matter to tuck pants into
socks, 8et cetera, in the middle of July and August when the
ticks &re questing. We can certainly check our pets, but
checkifig one's dog is indeed a Sisyphean task when the dog
goes 14 and out of the house all day long. Probably the best
protedfive measure, I think, in preventing Lyme disease is
checkiBg for ticks. Unfortunately, kids will only allow you
to dol#his up to a certain age. And of course one must be
vigilddt with oneself.

16 More specifically, I think one of the important
reasoidd to consider when thinking about why protective
measutds are difficult to utilize and be effective in
preved®ing this disease is simply the nature of the Ixodid
tick BDte itself. The bite of this tick when it is infected
transi®its not only saliva infected with Borrelia burgdorferi,

but tB& saliva also contains certain anti-inflammatory
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substadces which have an anesthetic effect. The end result of
that 12 that tick bites in general are not noticed. 1In one
study, 3over 80 percent of the patients who presented with
defini#e Lyme disease did not remember a tick bite. It is
therefdre very hard to correlate the incidence of definite
Lyme dbsease cases with preceding tick bites, and this is well
known. 7

8 Furthermore, as has been eluded to earlier, the
recurrénce of disease in individuals is also well known.
Unforfl@nately, in the majority of patients, the vast majority
of patilents, natural infection with Borrelia burgdorferi does
not cdlfer protective immunity. Difficulties in clinical
diagndsis of this disease are also well known, and it is not
my pldde today to give you an overview or detailed
presedbation of the clinical aspects of Lyme disease.
Howevéd®p, a couple of issues that do spring up and which I
wouldllike to address are as follows. In particular, the
spectéB of asymptomatic infection is something that troubles
me a gdPeat deal and troubles a great number of my colleagues
who n@®d to treat Lyme disease. The obvious analogy with
syphiPis infection with Treponema pallidus is there to

consi@@r. It is well known that Borrelia burgdorferi indeed
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after dsymptomatic infection can lurk or secrete itself in
certai® areas of the body, perhaps the central nervous system
or perBaps the joint spaces, only to reappear months or maybe
years Hater in the form of late stages of illness which are
harder5to diagnosis and treat.

6 In terms of the variability of Lyme disease, it
is indfed a very variable infection, if not a very complex
infectBon. In its very simplest form, it is erythema migrans,
well 18calized, which we can all recognize and which we can
all edf9ily treat and from which most patients can get better.
Howevéd#, erythema migrans is not a single beast. Certainly
this 12 the one which we easily recognize and which I Jjust
refer#t&d to. Before I continue with further slides, let me
point ldut that the erythema migrans lesions you are about to
see a#é all biopsy lesions which were laboratory proven to be
caused6by Borrelia burgdorferi. Sometimes erythema migrans
can p#fdsent as a pustular lesion as is this one in the
popliti®al fossa inviting the scalpel of a surgeon. Sometimes
the 1d9ions are vesicular in nature, inviting a diagnosis
perhapg® of herpes simplex infection. Sometimes our round
lesioRlis actually triangular. Sometimes it doesn't even look

round28@r red at all and invites a diagnosis of an
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intert#iginous fungal infection in the groin of this patient
who wag biopsied and proven to have Lyme disease. Sometimes

the le8ion is more plaque-like, inviting diagnosis of nummular

eczema A psoriasis, or other similar lesions. Sometimes it is
in unu$ual locations. Sometimes it is large like this one.
Sometimes it is small with satellite areas. Sometimes it is

multiple, appearing almost like urticaria or erythema
multif@rm. Sometimes, as in this individual who was a placebo
recipiént in the Lyme 008 SmithKline Beecham trial, it
presedbfls with other manifestations of early dissemination.
This dddividual came in mainly because he was concerned about
his fd@e and it felt kind of funny and it was weak on one
side.13When I asked him whether he had had any unusual rashes,
he saild oh do you mean this one, and he showed me his arm with
that EM. This is simply to illustrate the infranuclar 7th
nerve lpalsy with which he presented. This patient, by the
way, HAdd no history of a tick bite or any unusual antecedent
illned® which he could remember.

19 The next slide is the electrocardiographic
traci®® of a 37-year-old mom from Lyme, Connecticut, mother of
three2l Generally healthy and no medical problems. Early on

the d&¢ that this electrocardiogram was taken, she went to her
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local HAealth club and did her usual work-out, which went fine.
Howeve®?, when she came home that day, she noticed that she had
some pdlpitations, a little shortness of breath, malaise, and
things4just didn't seem quite right, but she wasn't sure what.
When hér husband came home, she told him that maybe she had
workedoout a little bit too hard at the club. A few minutes
later, The was reading the newspaper in an armchair and he
heard & thump on the floor above. He ran up the stairs to
find hBs wife unconscious briefly on the floor and called 911.
On ar#fival at the emergency department, the patient presented
with fiAis tracing, which in retrospect was a superventricular
tachyd®rdia representing an escape rhythm. There was
fortuddtely a very vigilant emergency physician who didn't
underd#and quite why a 37-year-old healthy woman had
compldtely passed out, and she had what was a relatively
benigdérhythm at that point. But he was wise and admitted her
to thd7coronary care unit for further monitoring. Late that
night 18nd the early hours of the following morning, the CCU
nurse l®oted that the patient had gone through progressive
degre@d of AV block culminating in complete atrial ventricular
disso@ilation. A cardiologist was summoned. He inserted a

tempofary transvenous pacemaker. The patient was started on
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intravénous antibiotics for about a week in the hospital
follow@d by a few more weeks as an outpatient. This patient
also hdd no history of a tick bite.

4 Besides the difficulties in clinical diagnosis,
we areball aware that quandaries in laboratory diagnosis are
rife. 6We rely pretty much on serologic testing in the United
States7today to assist us in diagnosing Lyme disease.
Unfort®nately, serologic testing, as with other infectious
diseas®s, provides only indirect evidence of infection. When
we ord®r a serologic test, it just tells us that the patient
has bédédn exposed to Borrelia burgdorferi and doesn't tell us
whethé? the infection is active or whether it is a past
infeciBon. It is probably worth noting, since I have learned
a lotl4that we don't have the clinical luxury in private
practi®e that we had in the SmithKline Beecham trial in which
we hadébaseline sera on all the patients who enrolled so that
when filey presented with symptoms, we could draw acute and
convald&scent serologies so as to compare them with each other
and wi®h baseline to better understand what symptoms they are
presefiing with. But your average physician in the office
just @adn't do this. A patient comes in with symptoms or signs

of Lyi& disease and you have to make a clinical diagnosis and
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it is Aot always easy and serology doesn't help. The fact
that i2 particular the ELISA creates a great deal of false
positive results is also problematic. In particular and
commondy in infectious mononucleosis and other spirochetal
disordérs, even healthy people, juvenile rheumatoid arthritis
and otlber autoimmune disease all can produce false positive
resultd. Indeed, even with Western blotting recent reports
have sBown that infection with the agent of human granulocytic
EhrlicRiosis can cause false positive Western immuno- blots.
The fdDse negatives that we deal with are generally caused by
use ofilserology testing in patients who have early Lyme
disead® and in whom the serologic response with immunoglobulin
M haslBdot occurred to the extent to which it can be measured.
14 What do we have in the way of direct testing to
try tdbsee if the organism itself is actually there or
evidedée of it? Well, culture and PCR are what are out there
right llow. However, these are unreliable and impractical.
Cultu#® and PCR are certainly not warranted for the diagnosis
of ery®hema migrans. The polymerase chain reaction is indeed
sensigdve in joint fluid. However, the diagnosis of Lyme
arthr?iis does not require PCR testing since serology is

almos®2invariably positive at that stage. Clinical conditions
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such ad& complex neurological conditions when a test like
sensit®ve PCR would be useful, unfortunately cannot be
diagno8ed that way because PCR and indeed culture are not
sensit#éve for cerebrospinal fluid, nor are they sensitive for
urine, Sblood, and other body tissues when later in the disease
one might care to employ these techniques.

7 Finally, there are indeed many dilemmas in
therap$. In particular, untreated or inadequately treated
Lyme dPsease may lead to the chronic morbidity with which we
are vadfy familiar. Most commonly arthritis and the not common
but cdiplex neurological syndromes are what often result and
whichl@onfront the primary care physician in the office
diagndstically and therapeutically. These particular outcomes
resulfi4in much more intensive, long-term expensive therapy,
oftenlbn the form of long-term intravenous antibiotics. These
are thé patients who often are refractory to treatment.
Indeed, these are the patients in whom symptoms seem to
persid® despite what we have given in terms of adequate
antibid®tic therapy by any known measure.

20 In conclusion, we need a vaccine for Lyme
disea2d because it is increasing in incidence and geographic

spread?2 We need a vaccine for Lyme disease because there are
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problers in clinical diagnosis, its laboratory evaluation, and
its tr&atment. We need a vaccine for Lyme disease because
prevenBive measures are unfortunately ineffective. Lyme
diseasd is indeed vaccine preventable. Availability of this
vaccin® would lead to a significant reduction in chronic
sequel&e and substantive morbidity. Lyme vaccine is thus a
criticdl new public health approach to the primary prevention
of Lym& disease in the United States. Thank you very much.

9 DR. PIETRUSKO: Next we will have Dr. Yves
Lobet lOwho will discuss the treatment rationale for the
develdpment of Lyme vaccine. Dr. Lobet?

12 DR. LOBET: What I would like to do now is to
introddce you to the practical data we have obtained in the
develd@gment of an OspA-based vaccine. What is the initial
ratioddle that led us to the development of the Lyme vaccine
basedlén OspA. And finally I will explain to you in a little
bit mdfe detail what we think is the possible mechanism of
protedBion with this vaccine.

19 First, let's take a look at the main actor in
this 2fory. Borrelia burgdorferi is a bacteria that belongs
to th&lfamily of the spirochetes, to which also belongs

Trepo@ma pallidus, that is as has already been mentioned the
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agent Adf syphilis. It has been isolated in 1982 by Willy
Burgdo®Zfer, and since then at least three different species
has beé&n shown to be pathogenic for humans. In the United
StatesA however, only one species, Borrelia burgdorferi sensu
strictd, has been found to be responsible for the disease.

6 Not much is known so far on how this bacteria
induce§ Lyme disease. Most probably this disease and those
symptom8s are due to an inflammatory process that will occur
locally in different parts of the body and where probably
Borrelda is located. Usually very small numbers of
spirodhetes are found and are detected during an infection,
and al2o Borrelia is able to persist completely undetected for
severdB months to several years.

14 Our interest to develop an OspA-based vaccine
was t#bggered in 1990 by the seminal work of two groups. The
firstléne was the group of Marc Simon at the Max-Planck
Instifidte in Freiberg in Germany that showed that you could
proted® immunocompromised mice, the skid mice, with the
passit® transfer of monoclonal or polyclonal antibodies
again2® OspA. Very shortly later, Dick Flavell and Erol
Fikriglat the Yale University in New Haven have shown that you

can alo protect those mice, but in this case immuno-competent
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mice, By actively immunizing them with an recombinant form of
OspA. 2

3 But what is OspA? As has already been
mentioded earlier today, OspA is the major protein of Borrelia
burgdobferi sensu stricto when you grow it in-vitro, as you
can sedé on this slide here. It is a lipoprotein, that is, it
is modi¥fied during its natural production by the addition of
lipids8at the end terminal end. It is surface exposed on the
bacter®a, and maybe more importantly it is present on the
surfad® of the bacteria when the bacteria is within the tick.

11 Although a lot of work has been done around this
molecdiPe, it is largely unknown so far.

13 A possible concern about the use of OspA in the
vaccidd is its potential variability. In this graph, you see
this 1% a comparison of the sequence of many different OspA's
that H&ve been obtained from different strains of Borrelia
burgddfiferi sensu lato, that is from the different afzelii,
gariniB, and sensu stricto strains, with the sensu stricto
straid® being the strains that you find in the United States.
You s@d that here this scale indicates the variability or the
furth@&#t differences between the strains. Those other strains

that 22e found and the Borrelia burgdorferi sensu stricto
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specied are very closely related and vary by only one, two,
three @r four amino acids. The strain we have used to develop
our vadcine is ZS7.

4 We have initially produced three forms of OspA
in E.cdli. The first form is what is called -- in its final
state, 6it is a mature part of OspA fused to AEl amino acid of
an unrflated protein. And the P-OspA is similar to pure OspA.
The fu$ion is made with free immunoassay. And finally the
lipo-0O8pA is the one that is similar to the Borrelia
burgddfferi expressed protein. These three proteins have been
initidlly compared for their immunogenicity, and very rapidly
it ocd@rred that MDP OspA was largely non-immunogenic or
poorly3immunogenic, and that those two molecules would remain
to belflurther tested in challenge experiments or protection
experiments. The lipoprotein OspA in all of the experiments
we peifformed at that point and later on were always shown to
be mo#d immunogenic than NS1-OspA.

18 So in protection studies that we utilized in
mice 18 collaboration with Erol Fikrig and Sam Telford at
Harva?d University, we vaccinated mice with OspA, both NS1 and
the 1P2poprotein, and we challenged them with ticks that had

been @8llected in an endemic area of Lyme disease on the East
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Coast.l Then we followed those mice by several criteria. The
sero c@nversion to B39 is a way to monitor -- a very easy way
to monBtor for an infection. B39 is a protein against which
the an#ibodies are developed very early in the infection. If
you indect mice with killed Borrelia, you never develop anti-
B39 antibodies, indicating that those specific antibodies are
represédntative of an active infection.

8 As we see here, the non-vaccinated mice are, at
least & large proportion of them, sero converted to B39. The
ones fflat did not sero convert were probably not infected --
carridd ticks that were not infected, as all of the ticks that
you cdRlect in nature are not infected. In the animals that
were Udccinated, none of them sero converted to B39. Further,
if youddevaluate the protection by trying to cultivate Borrelia
out ofibskin biopsies made in the ear, you find that again in
the ndw-vaccinated group some of the mice were carrying
Borrelia burgdorferi in their skin, while in none of the mice
of thd8vaccinated groups were we able to find any spirochetes.

19 More interestingly, when we looked in the tick
that £d on those vaccinated and non-vaccinated mice, we found
that 24 the non-vaccinated mice 30 percent of the ticks were

still2®nfected after they dropped -- after the blood meal on
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those dnimals, and 30 percent representing more or less the
infect®on rate found in nature. While if you look in those
vaccindted mice, you see the dispersement rate of infection
decreades to 12 percent and in fact to zero in the lipoprotein
vaccindted mice. If you go further and try to evaluate the
averagé number of spirochete that you find in those different
still iInfected ticks, you find in this one that is the only
tick i8 was that fed on a vaccinated animal, the number of
spirocRetes was dramatically reduced. Together those results
indicd®e that anti-OspA antibodies are able to decrease the
numbef lof spirochetes within the tick.

12 We performed a similar experiment in monkeys
where ldonkeys again received both NS1 OspA and the lipoprotein
OspA. 1l4They were followed to 42 weeks. Again, the lipoprotein
OspA #wds shown to be more immunogenic than the NS1 OspA. And
upon dlballenge, again all the ticks but one -- so 100 ticks --
all ofi7the ticks that fed on the vaccinated animals, all of
thoselBicks were cured of that infection, indicating again
that Q9pA was able to kill Borrelia within those ticks. And
also BOne of the vaccinated animals sero converted to a non-
vaccidl antigen. Just to make sure we are not dealing with a

heali?g infection, we immunosuppressed those animals for
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several weeks and we were unable to detect the appearance of
spirocRetes in any of the vaccinated and subsequently
immunoS8uppressed animals.

4 Together, as I have already mentioned, those
result$ show that anti-OspA antibodies are able to kill
Borrelba within the tick. And I would like to explain to you
in two7slides now how we think this could occur. Let me first
show y8&u what happens in the natural transmission of Borrelia.
First &s a legend to this graphic here. Here is the tick. On
the 140t side here, this white bar, is the mid gut. The left
part 14 the mid gut and the right part is the salivary gland.
And thA®2s blue thing here is the spirochete. When the tick
comes 18rom an infected host, Borrelia is present exclusively
in thé&4mid gut and it expresses OspA. When it begins to feed,
Borrelba is still in the mid gut and expresses OspA and is not
transibtted directly from the mid gut to the host. In the
next 4flep, when the tick begins to feed, it ingests some blood
and afi8that point the Borrelia receives a signals that induces
two different things. First, it migrates into the salivary
gland?20 And secondly, it stops expressing OspA. Once in the
saliva#ty glands, here Borrelia is able to be transmitted to

the h@2t. Now what happens when the ticks feed on a
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vaccindted mammal? The two first steps are obviously the
same. 2And then at this point when the tick ingests the blood,
it ing8sts at the same time some anti-OspA antibodies. And
those dnti-OspA antibodies are able to kill Borrelia within
the tidk mid gut. And at this point, there is no Borrelia to
be tramsmitted to the host anymore.

7 So in summary, we have expressed three
differént forms of the recombinant OspA. Two of them are able
to ind@ce a significant amount of bactericidal antibodies.
And thA® immunization produced by those recombinant forms are
able 44 protect against tick challenges as well as syringe
challd®ges. The lipoprotein version of OspA is the most
immundgenic form. And finally, the immunization of OspA
protedtds with a very novel and unique mechanism, that is, it
blockd5the transmission of Borrelia from the tick to the host.
I thadk you.

17 DR. PIETRUSKO: Now, Dr. Allen Steere -- do you
want & take a break now or would you like to go on?

19 CHAIRPERSON FERRIERT: I would prefer that we
had a2fioment for any quick questions. We have five minutes
befor@lour break and then we will have Dr. Steere come up

after2fhe break. So committee members, any questions for this
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part of the sponsors presentation? As I mentioned earlier,
some of you may not yet have arrived. If you raise your

hands, 3T will call upon you in the turn in which I have

recogn#zed your question. Dr. Snider, and I see several other
hands.5 I will get to all of you in a moment. Dixie?
6 DR. SNIDER: Thank you. Dixie Snider, CDC. I

remembdred. With regard to the proposed mode of action, could
someond elaborate a bit on the time it takes for these events

to occ®r?

10 DR. PIETRUSKO: On a preclinical basis within
the tidk?

12 DR. SNIDER: Yes.

13 DR. PIETRUSKO: Okay. Dr. Lobet will answer

the qgidstion.

15 DR. LOBET: Yes. The time between the moment
the tiék attaches to the mammal and it transmits Borrelia to
the hd§t. During this time it begins to feed and Borrelia
goes fiBom the mid gut to the salivary glands and then it can
be trdfsmitted is at least equal to 24 or probably 36 hours.
So th&Olantibody has plenty of time to work in the mid gut. It
takes2dome time for Borrelia to initiate and migrate from the

mid g@f to the salivary.
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1 DR. SNIDER: And if I could just follow-up,
what d@ you think the mechanism of killing bactericidal
activiBy?

4 DR. LOBET: Both complement mediated and non-
complemhented mediated bactericidal activity has been found.
Now yo® may also envision a different mechanism which is not
bactericidal in which you may block somehow the function of
OspA iB the tick mid gut. Because you may very well speculate
that a® OspA is expressed almost exclusively in the mid gut of
the tid€k -- that is the only place in the cycle that Borrelia
is exp#essed. It may play a role or should play a role there,

and mdg¢be non-bactericidal antibodies could also block the

transmBssion.
14 DR. SNIDER: Thank you.
15 CHAIRPERSON FERRIERI: As an extension of that,

have ¢6u shown in-vitro lysis of the organism or some other
mechadism of kill in-vitro?
18 DR. LOBET: Yes. There are bactericidal tests
that 4Row that you can kill the bacteria in-vitro definitely.
20 CHAIRPERSON FERRIERI: Dr. Daum next, please.
21 DR. DAUM: My name is Bob Daum from the

Unive?2ity of Chicago, and probably a question that just
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reflecis my lack of understanding of the situation. But if
OspA 12 primarily expressed in the mid gut of the tick, I
presum8 it survives there and isn't normally killed there and
probably doesn't see these kinds of antibodies very often. I
was intrigued by the comment that it is a surface protein of
the organism and has very little amino acid heterogeneity.
that 1§ not usual for surface proteins that interact with the
immune 8system because usually antibody pressure makes them
quite Reterogeneous. So I presume the lack of heterogeneity
refled®s the fact that it hasn't seen in its natural situation
antibddy very much in the mid gut of the tick. So what we are
propod®Png here or what you are proposing here in a way is to
introddce a large segment of the population that will become
antibddy positive. And I guess I would ask you if you would
be wilbing to comment on the theoretical concern that if there
were dwch a large group of people or a large prevalence of
antibddies in the population that this would begin to apply
selecfiBve pressure against this protein and that it would
becomé 9quite heterogeneous indeed.

20 DR. LOBET: Okay. Humans should be considered
as a RrRdn-entity -- an unusual host for the bacteria. The vast

major?RPy of those bacteria are found in mice and in deer and
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that 14 one aspect. So the number of bacteria you would find

in hum&ns would present a very small percentage.

3 The second aspect is that it would be unlikely
that tHose -- even if you ever induced -- and with data
showing that is not the case so far -- even if you induced

some e$cape mutants, it would be very difficult for them to go
back ifto nature and be propagated there. And even if they
did, tBere is no pressure to select for them in nature as mice
have n®t been vaccinated with OspA.

10 CHAIRPERSON FERRIERI: Dr. Edwards, did you
have ¢dur hand up? No. Okay. Dr. Kohl first. The members
of théd2panel here do not have to keep announcing where they
are f#dm but just your name.

14 DR. KOHL: Steve Kohl. The monkey studies were
mentidlmed. I believe it is also the case that in the placebo
monkey¢$ there was no disease, and I wondered if the placebo
monkey¢ 7/blood was able to exert some sterilizing effect or
anti-48irochetal effect?

19 DR. PIETRUSKO: Okay. Dr. Lobet.

20 DR. LOBET: In the monkey study, indeed we
haven2ffi seen any disease. We haven't seen any disease, but

all tR& placebo sero converted to multiple antigens of
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Borrelia. I mean, it was very clear that even after 42 weeks,
new anfigens or new antibodies were still appearing indicating
an actBve infection. That is one. Now those sera had no
steril#zing effect because the ticks that fed on those animals
were abl virtually infected after the blood meal.

6 CHAIRPERSON FERRIERI: Dr. Kohl and then Dr.
Luft and then Dr. Breiman, and then we will have to close.
Sorry, 8Dr. Breiman next.

9 DR. BREIMAN: Thank you. It is Rob Breiman.
Someod® had made the comment that natural infection does not
inducélprotective immunity, and yet it was my understanding
that l&te infection does or is assumed to produce protective
immuniBy, and that perhaps early infection when treated early
does Adt. What is actually going on? Is there some

protedbfive immunity that occurs at some point?

16 DR. PIETRUSKO: That will be answered by Dr.
Sikand7
18 DR. SIKAND: I made that comment. It is a good

pointl9 Unfortunately, this has never been prospectively
studi&d. But anecdotally it has been said by many clinicians
and r@dearchers who have dealt with Lyme arthritis that

patie®s who have a history of Lyme arthritis haven't been
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known filo develop Lyme disease clinically again. Presumably
this 12 because they have presented with a very widely
expand8d antibody response. That is why I prefaced my remark
with tHe statement that almost all patients or generally
speakidg patients don't get immunity from infection. Perhaps
patients with Lyme arthritis or other late manifestations have
a degrfe of immunity, but they are in the minority, number
one. Bnd number two, indeed this unfortunately has not been
studied® prospectively.

10 DR. GREENBERG: Go to Dr. Luft next, please.

11 DR. LUFT: I just want to comment on the issue
of thédZheterogeneity. I noticed that you had presented the
phylld&enetic mouse of the B31l, 297, and N40 strain. Do you
thinkl#hat the same -- these are all strains, I believe, that
were dScertained in the northeast, in particular in
Connedticut and New York. Do you think that there is the same
levelldf homogeneity in strains acquired throughout the United
Stated8or even within New York State? That is my first
questidn.

20 DR. LOBET: Okay. There are only a very few
data @1 sequences of OspA from Borrelia collected in

Calif@Pnia, for example. But you see maybe a slightly higher
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heterodeneity, maybe one or two more as a difference. But
again there are only very few data available. That is one
thing. 3 The second aspect, I can answer this. Erol Fikrig
with Sdm Titfall has also conducted some tick chain studies
with tbcks that have been collected in California, and they
show a6similar level of protection with DS7 as has been shown
with tHose ticks collected on the East Coast.

8 DR. LUFT: But there is more heterogeneity at
the ambPno acid level-?

10 DR. LOBET: A little bit, yes.

11 DR. LUFT: The other issue that I just wanted
to hat& some clarification on is, I believe, having read the
primatit8 model paper that was by Mario Philipp, he had in his -
- in fide paper he had mentioned that in some of the immunized
animal$ that although they do not have serologic evidence of
infecifon or clinical evidence of infection, that by PCR he
was able to identify DNA specific for Borrelia within those
animal8. Is there --

19 DR. LOBET: Those PCR -- those are cases where
you g@f) a PCR positive result and none on the triplicates. 1In
each 2dse for each sample, you have most of the time one or

somet®PRes two or three of the triplicates that were positive.
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While i1f you go back in the control animals, they were all --
when tRey were positive, all three triplicates were positive.
So I am not sure this really represents Borrelia DNA. There
is sti#l a question there, I agree.

5 DR. LUFT: So your interpretation is that it is
perhap$ a laboratory error and as far as any difference in the
quantiffly of DNA with in the
sample 8--

9 DR. LOBET: This would be my easiest
expladdtion for this.

11 DR. LUFT: Thank you.

12 CHAIRPERSON FERRIERI: One last short question.
Dr. KdBl, did you have your hand up again?

14 DR. KOHL: Yes. I was getting back to the
questildn of prior protection induced by Lyme disease. Are we
then 6 believe that there have been no studies showing that
peopléwith EM have either a decreased risk or the same risk

of EMl8ompared to people who have never had EM in endemic

areas19
20 DR. SIKAND: Perhaps one way to start to answer
that Gidestion is to say that -- well, there are two parts to

my angwer. First of all, in terms of EM, in the SmithKline
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Beecha study itself, there was one patient who developed
erythe®a migrans, which was biopsied and laboratory proven to
be cau8ed by Borrelia burgdorferi in year one of the study.
And thd same patient indeed presented with erythema migrans in
year two of that study and was biopsied again and proven to
have Bérrelia burgdorferi infection.

7 The second part of my answer to your question,
which 8s indeed an excellent one because it is important in
our add@ressing this issue, is that a certain percentage of the
patiedfls in the SmithKline Beecham study were sero positive at
baselide by Western blot criteria. Amongst those patients,
there l@ere indeed patients who developed biopsied, laboratory-
proved3Lyme disease during the course of the study. So even
if yoddhave an antibody response to Borrelia burgdorferi as
measutéd by Western blot criteria, you indeed can develop Lyme
disead®. So in answer to your question of has it ever been
studiéd, yes, it has within this study. But when I said that
there1llBave not been studies in the past, I mean we have not
takenlBumbers of patients with Lyme arthritis and followed
them &@¥er the years and seen how many of them developed Lyme
diseagé.

22 DR. KOHL: Those patients who were sero
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positite or Western blot sero positive, were they OspA sero
positive?
3 DR. SIKAND: I am sorry, the question -- were

they adti-OspA?

5 DR. KOHL: Correct.

6 CHAIRPERSON FERRIERI: Is that data available?

7 DR. SIKAND: I am not sure I understand the
questidn. I am sorry.

9 DR. KOHL: The patients who were sero positive

by Wedtern blot and then developed Lyme disease, looking at
the Waidtern blots, did they have a band showing that they had
antibd@y against OspA?

13 DR. SIKAND: Well, the band against OspA
is thé&431 kilodalton band. They did not have that. And
indeedpj that is not one of the criteria which were used in the
interpfetation of the Western blot. So the 31 kilodalton band
was ndfl present. Indeed, one would also not have been able to
determBne if that band was present because that information
was nd® available to investigators in order to keep them
blindé&d.

21 CHAIRPERSON FERRIERI: Thank you very much. We

are g@2ng to break. Before we do, I want to acknowledge two
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other rembers of our panel who joined us after our
introd@ctions, Dr. Dattwyler sitting at my very far left. He
is from SUNY Stonybrook. And on my right is Dr. Carolyn Hall,
Univerdity of Rochester Medical School. We will reconvene

promptby at 10:45.

6 (Whereupon, at 10:36 a.m. off the record until
10:51 &d.m.)
8 CHAIRPERSON FERRIERI: We are continuing with

the spdnsors presentation for the next hour essentially before
an FDAOpresentation. I believe we will start then with Dr.
Steerél Again, we are continuing the sponsors presentation
with D2. Allen Steere.

13 DR. PIETRUSKO: I would just like to make one
briefldomment. There were questions on the immunogenicity,
and th&dt will be covered in the presentation by Dr. Parenti at
a latdp time. So we will be able to go over that in much more
detail7for you. Now I would like to introduce Dr. Steere.

18 DR. STEERE: Thank you and good morning. It is
my pléd&sure to report the results of the efficacy portion of
the SBOthKline Beecham Phase III Lyme disease vaccine trial
#008.21In this study, my role was that of coordinating

inves®2gator. All of the laboratory tests related to Lyme
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diseaséd were performed in my laboratory at New England Medical
Center2 I also saw some patients clinically to help in the
assessmBent of difficult problems. But subjects were not
entered into the study at New England Medical Center.

5 The study was a multi-center, randomized,
double®blind, placebo control trial of 10,936 subjects who
were eflrolled by investigators at 31 sites in highly endemic
locatiéns for Lyme disease in 10 New England, Mid-Atlantic,
and Midwestern states. These sites represent all intensely
endemil® regions of Lyme disease in the United states. The
studylparticipants were randomized to receive either placebo
or théd2vaccine candidate which was administered on a 0, 1, and
12-modBh schedule.

14 Inclusion criteria included that the study
subjed® must be healthy and 15 through 70 years of age. 1In
additieén, they must be at risk of acquiring Lyme disease
becaudd they reside in an endemic area for the infection or
have fiBequent outdoor activities in summer in such an area.

19 Subjects were excluded if they had active Lyme
disea2d or recent Lyme disease treated with antibiotics within
three2ihonths prior to study entry. In addition, they were

exclu@@d if they had other illnesses that might interfere with
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the asdessment of Lyme disease including those associated with
joint &welling or musculoskeletal pain. They were also
exclud&d if they took medications that might interfere with
the evdluation of Lyme disease such as chronic antibiotic
therapp. However, individuals with a past history of Lyme
diseas® were not excluded.

7 The first two injections were given in the
winter 8and spring of 1995, prior to the 1995 tick transmission
season9 In addition, during the transmission season, they
receil®d monthly postcard reminders about safety and Lyme
diseadd symptoms. This was during year one of the vaccine
studyl2 The third injection was given in the winter or spring
of 1998, and they received three postcard reminders about
safety4and Lyme disease symptoms during the 1996 tick
transmbssion season.

16 Four blood samples were drawn on all subjects
at 0 47 baseline, month 2, month 12, and month 20. The study
end-ddBe was November 15, 1996. Thus, the duration of the
studylfor individual subjects was 20 months.

20 The primary study endpoint was based on vaccine
efficady for the prevention of definite cases of Lyme disease

in ye&® one. For reactogenicity and immunogenicity
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determinations, all 938 subjects at one site, the Yale
Univer2ity site, completed four-day diary cards after each
dose o8 vaccine or placebo. In addition, these same subjects
had bldod samples drawn at five time points, including at
month B3, so that OspA antibody titers could be determined
prior ®o vaccination and after each injection.

7 Demographic characteristics included that the
mean a@ge of the study subjects was 46 in both the wvaccine and
placebd® groups. 058 percent were men and 42 percent were women
in bo# groups. At study entry, 11 percent of the subjects
reporfidd a history of Lyme disease. Subsequently, we
determ®Pned that 2.3 percent had serologic evidence of previous
BorrelBa burgdorferi infection at study entry.

14 Compliance with the study protocol was
excellént. 99 percent completed the second visit and 95
percedt completed all visits.

17 In an effort to detect all cases of Lyme
diseadd, study subjects were encouraged to contact the
invesfifgator if they developed any symptoms that might
conce®@ably be due to Lyme disease. Amazingly, during the
first2fear of this study, 10 percent of the study participants

were &@valuated for suspected Lyme disease. In 89 percent,
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Lyme disease was ruled out and other diagnoses were made. The
remain®ng 11 percent met Lyme disease case definitions.

3 Extensive laboratory testing, including
culturd, PCR, and Western blots was done in a central
laboratory at New England Medical Center. Similarly, in the
second6year, 6 percent of the study participants were
evaluafled for suspected Lyme disease. In 82 percent, other
diagno8es were made. During that year, 18 percent of that

popula®ion met Lyme disease case definitions.

10 Patients who met the criteria for Lyme disease
were dlassified in three general categories: definite,
possibPe, or asymptomatic infection. In order to meet the

case d8finition for category 1, definite Lyme disease,
patiedtdls were required to have one or more of the following
clinid@®l manifestations: erythema migrans, meningitis or
cranidb neuritis, musculoskeletal involvement requiring
objectiive pain and swelling of a joint, cardiovascular
involdément with a high degree atrioventricular block, and at
least1d®ne confirmatory laboratory test. In subjects with
eryth@&fa migrans, a photograph of the lesion was required.

21 This is similar to the CDC case definitions for

Lyme @Psease, but we expanded upon their definitions because
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of thelability to do more extensive laboratory testing and a
prospe@tive study than is the case in clinical practice. For
exampld, in practice it is recommended that physicians treat
erytheda migrans without doing laboratory testing. Therefore,
for subveillance purposes, the CDC case definition accepts
physicban-diagnosed erythema migrans without laboratory
confirfation as a case of Lyme disease. In contrast, we
requiré&d that erythema migrans be accompanied by laboratory
confir®ation of culture, PCR, or serology to be counted as a
definife case. I should also point out that the availability
of baddline serum samples allowed greater assurance of
seropd&itivity, since sero conversion was always required for
serold@ic support of the diagnosis.

14 Laboratory confirmation consisted of a positive
cultu#téd for Borrelia burgdorferi from a skin biopsy sample, a
positive PCR result for Borrelia burgdorferi DNA from skin
biopsy, CSF, or joint fluid, or Western blot sero conversion
whichl®as defined as a negative result followed by a positive
IgM o#9IgG blot. Serologic testing was done exclusively by
Weste?f) blot since the standard ELISA test would be expected
to givd false positive results in subjects vaccinated with

OspA. 22The blots were read by experienced technicians
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according to the CDC criteria. Reactivity with the 31 kd OspA
band w&s not reported so that investigators remained blinded.

3 Category 2 consisted of subjects with possible
Lyme d#sease. This included participants with physician-
diagno$ed erythema migrans without laboratory confirmation and
patients with flu-like illness accompanied by IgM or IgG
Westerrd blot sero conversion. This category was called
possibBe Lyme disease because of the potential for
misdia@nosis.

10 Category 3 included subjects with asymptomatic
Borrelia burgdorferi infection as determined by IgG sero
convetion by Western blot between baseline and month 12
during3the first year or between month 12 and month 20 in the
second4year without symptoms suggestive of Lyme disease. I
wouldlpoint out that doing serologic testing on all subjects
also dblowed a check on our surveillance system. If subjects
did ndf% come to our attention when they had symptoms of Lyme
diseadd, we would still learn who had sero converted that
year, 1&nd all subjects were asked if they had had symptoms
compa®ible with Lyme disease during the past year.

21 Category 0 non-cases were subjects who were

evaluzed sufficiently and did not meet any case definitions.
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Categoty 9 were subjects in whom the evaluation was incomplete
and da®Ra were insufficient to make an assessment. For
exampl8, a subject would be classified in Category 9 if they
came fdr an evaluation of acute symptoms, did not meet
criterba for Lyme disease, and did not return for follow-up as
requiréd by the protocol.

7 A data safety monitoring board provided
oversight of the study. The board was chaired by Dr. Neal
Halsey9of the Johns Hopkins School of Public Health. The
Boardlincluded experts in Lyme disease, vaccinology, and
statidfiics. It monitored reports of possible adverse effects
and thA&y confirmed prior to unblinding the categorization of
all cd8es. In addition, at the conclusion of the study they
recomitdnded that the placebo group be crossed over to receive
vacciidé.

16 Both an according-to-protocol and intent- to-
treatldnalysis were performed. To finish the study according
to prdBocol, subjects had to receive all three injections,

comply9with the protocol criteria, and complete all follow-up

examiRftions. The intention to treat population received at
least2fthe first dose of vaccine or placebo. The results of
the t®@ analyses were quite similar. The according-to-
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protocdl or ATP analysis will be presented here.

2 In year one, 60 subjects had definite Lyme
diseas8 manifested as erythema migrans in all but one case,
though4two participants with erythema migrans also had facial
palsy.5 The final definite case had a trigeminal neuropathy.
Altogether, there were 20 definite cases in the vaccine group
and 407in the placebo group. Thus, the point estimate of
vaccin® efficacy was 50 percent and the lower limit of the 95
percen® confidence interval was 14 percent.

10 In year two, 74 subjects had definite Lyme
diseadd, again manifested in most cases as erythema migrans,
13 inlfhe vaccine group and 61 in the placebo group. Thus,
follouBng three injections, the point estimate of vaccine
efficddy was 79 percent and the lower limit of the 95 percent
confidénce interval was 61 percent.

16 It is important to note that Borrelia
burgddfiferi was isolated from skin biopsy samples of erythema
migrad® lesions in the majority of definite cases. In both
yearsl9%he spirochete was recovered from approximately 70
percet) of participants in both the vaccine and placebo
group2l Thus, this is the first treatment study of Lyme

disea2® in which the diagnosis was confirmed by culture in the
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majorifly of patients.

2 In an effort to identify factors that might
explail breakthrough cases in vaccinated subjects, a post-hoc
analys#s was done in which vaccine efficacy was analyzed in
definite cases according to age, sex, and geographic location
using @ox regression analysis with time of onset as the
outcomé variable. In this analysis, no significant variation
was fo@®nd in vaccine efficacy in either year according to age,
sex, g&ographic location or time of onset of disease.

10 In an effort to determine whether vaccination
alterdd the course of erythema migrans, the duration of the
lesiod2was compared in vaccine and placebo recipients. During
both ¢8ars, the median duration of erythema migrans was
simild4 in both the vaccine and placebo groups, suggesting
that e vaccine did not alter or attenuate this clinical
expred$ion of Lyme disease.

17 Regarding possible Lyme disease cases, 7
subjedBs in the vaccine group and 9 in the placebo group were
or had9hysician-diagnosed erythema migrans without laboratory
confifflation in year one. Similarly in year two, five
subjelfis in the vaccine group and six in the placebo group had

this B&nifestation. Thus, in this category vaccine efficacy
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was low during both years of the study. Although erythema
migran® often has a characteristic clinical appearance, it may
be misBaken for other dermatologic entities. This is
presumdbly the reason that vaccine efficacy was not
demonstrated in subjects who were thought by the investigator
to havé erythema migrans but lacked laboratory confirmation.

7 In year one, 27 subjects had flu-like illness
accompd&nied by sero conversion as did 27 subjects in year two.
For thds category, the point estimate of vaccine efficacy was
21 pet€ent in year one and it was 41 percent in year two. Let
me poidt out that there is a mistake on this slide. The P
valuelBere is .01 and not .5.

13 Infection with Babesia or Ehrlichia, which are
carridd by the same tick that transmits Borrelia burgdorferi,
may cdvse flu-like symptoms, and Ehrlichia may cause false
positive IgM or IgG Western blots for Lyme disease. It is
likelg7that some patients with flu-like illness and sero
convei8ion had these other tick-borne infections in addition
to orldnstead of Lyme disease.

20 Because of the propensity of spirochetes to
establish latent infection, we made a concerted effort to

ident2fy subjects who developed asymptomatic sero conversion,

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



some off whom might subsequently develop active late infection.
In the2first year, two subjects in the vaccine group and 12 in
the pld3cebo group had asymptomatic Borrelia burgdorferi
infect#on as determined by IgG Western blot sero conversion
betweeh baseline and month 12. Thus, the point estimate of
vacciné efficacy was 83 percent that year.

7 In year two, all 13 subjects with this outcome
were i® the placebo group and the point estimate of vaccine
effica®y was 100 percent.

10 This was a unique study. First, all the
intendédly endemic areas for Lyme disease in the United States
were i1@cluded in the study. Second, the occurrence of Lyme
disead8d in the study population was documented by culture in
the mddlority of cases. In fact, obtaining skin biopsy samples
for cdbture and PCR was critical. ©Not only does this provide
the bast proof of infection, but 30 percent of cases would
have den missed if suspected Lyme disease had been assessed
by se#dlogy alone. Finally, we believe that all cases of
Borrelda burgdorferi infection were detected in the ATP
popul2bion, including both symptomatic and asymptomatic cases.
It shd@dld be noted that approximately 30 percent of the cases

were PPsted as having asymptomatic Borrelia burgdorferi
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infectilon. However, after the conclusion of the study, two
patien®s with asymptomatic infection who declined antibiotic
treatmént at that time subsequently developed Lyme arthritis.
This edperience confirms that patients may present with late
manifesdtations of Lyme disease and proves that they have sero
conver$ion prior to the development of symptoms. Vaccination
appeard to be particularly helpful in the prevention of this
type o8B disease.

9 There were theoretical concerns that
vacciddtion might change or attenuate Lyme disease and make
diagnddis more difficult. This study shows that vaccination
does A&t interfere with the ability to confirm the diagnosis
of Lyi8 disease by culture, PCR, or Western blot. Moreover,
vacciddtion did not mask, attenuate, or alter the clinical
presedbation of Lyme disease. It did not induce asymptomatic
infeciton and it did not affect the duration of erythema
migradg.

18 In conclusion, this study shows that a high
level 18f protection from Lyme disease and symptomatic Borrelia
burgd@fferi infection can be achieved with three injections of
the c@iddidate vaccine. Following two injections, vaccine

effica@y among definite cases of symptomatic Lyme disease was
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50 perdent, and following year two, it was 79 percent. Among
subjec®s with asymptomatic Borrelia burgdorferi infection,
vaccin® efficacy was 83 percent during the first year and 100
percentd during the second year. Thus, we believe that this
vaccin® was highly successful in the prevention of Lyme
diseas®. Thank you very much.

7 DR. PIETRUSKO: Next we will hear from Dr.
Dennis 8Parenti.

9 CHAIRPERSON FERRIERI: Dr. Pietrusko, when you
introd@ce your speakers, could you please use the microphone?
Our néstt speaker is Dr. Dennis Parenti.

12 DR. PARENTI: Thank you. This morning I will
be préS8enting the immunogenicity data followed by a very brief
discuddion of our consistency and bridging trial data, and
then 15will complete my discussion by presenting the safety
data. 16

17 As has previously been mentioned, the
immund@enicity subset is comprised of all subjects from one
site WRo were willing to undergo blood sampling at months 0,
2, 122013, and 20. Throughout the course of the project, we
have @taluated two antibodies, total IgG anti-OspA and LA-2

equivalents. Today I will be presenting the IgG data for the
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according-to-protocol population for subjects with evaluable
data. 2

3 This next slide presents the sero positivity
rates dnd GMTs of IgG anti-OspA in subjects who were sero
negative at baseline. Sero positivity was defined as having a
titer &reater than the cut-off of the assay of 20 ELISA units
per mlJ7 As you can see, at month two 98 percent of the
subjec®Bs were sero positive with a GMT of 1,227. At month 12,
as expdcted, the titers had declined. But at month 13, one
monthl&fter the third dose, all the subjects were sero
positite and they had attained a titer of 6,005. I
am golRg to skip down to month 24 here, which is one year
after1Bhe third dose. At that time, you can see that 98
percedd of the subjects are still sero positive with a GMT of
1,32415vhich is virtually identical to that which was obtained
at modt®th two, one month after the second dose.

17 This next slide is a reverse cumulative curve
of moABh two IgG titers from three different subsets. The 20
vaccid® failures from year one are in blue. The yellow line
repre2édnts the subjects whose GMTs I just described for you.
This 24 the immunogenicity controls from the one center. The

third22ine in orange represents subjects who were considered
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non-cades. These were subjects who were evaluated for suspect
Lyme dPZsease but not found to be cases during the study.

3 As you can see, the non-cases in orange and the
immunodgenicity subset in yellow have virtually identical
curvesp suggesting that the immunogenicity subset is
represéntative of the entire study population. The other
point fThat I would like to bring out is that the vaccine
failurés here in blue are obviously different than these other
two gréups.

10 In summary, there was a high degree of
protedfiion in year two which was associated with higher titers
whichl@ere attained after three doses. The year one vaccine
failu#8s, as I have pointed out, have significantly lower
titerd4than the controls. And at month 24, the titers were
essenibally equal to those attained at month two.

16 Before leaving the immunogenicity portion of my
talk, 17 would like to point out that we have ongoing and some
recenfiBy completed studies which specifically address the
issueldf alternative schedules, which would allow for
incre&fed flexibility and help to address the issue of
seasordlity. I have brought data on these studies and reverse

cumul&Pive curves 1f the committee would like to see those
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duringlthe question and answer period.

2 I would now like to briefly discuss our process
scale 8ffort. A clinical lot utilizing a 20 liter
fermentdation scale and a 2 liter purification scale was used
in thebLyme 008 or pivotal efficacy trial. In study line 14,
pilot bots consisting of a 20 liter fermentation scale and a
20 1itdr purification process were found to be consistent and
equivaBency was shown between these lots and the clinical
lots. 9S50 on line 14, we created a bridge between these two.
In 1id® 19 -- I am sorry, the process was subsequently
incredded to 75 liters for commercial use, and in study line
19, wé2showed that those lots were consistent and again
equivdBent to the pilot lot studies. So in essence we have
made d4d indirect bridge from commercial back to the clinical
efficddy material.

16 I would like to switch now from immunogenicity
and td7present the safety component. The Lyme safety data
base d8nsists of data from the solicited Reacto Card
populd®ion with all unsolicited events in year one. During
year Bwo, we collected medical conditions requiring a
subsp&dialist evaluation. And during the entire study,

inclu@®ng a four-month extension, we collected data on all
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serioud adverse events or SAEs.

2 SAEs were defined as any event which was fatal,
life-tBreatening, disabling, resulted in hospitalization --
and I dhould add that that included outpatient or one-day
surgery -- any condition which was associated with a
congenbtal abnormality, with cancer, or just in the opinion of
the inVestigator was a significant hazard. I should also add
that w8 had asked that pregnancies and subjects who developed
arthri®is or arthralgia lasting more than 30 days in duration
be codfidered as SAEs for the purpose of tracking these
eventil

12 Again the solicited reactogenicity population
considBed of 938 subjects at one site and they filled out
diaryldards on the day of and for three days following each
vacciddtion. We specifically solicited for the symptoms of
redneds$, soreness, and swelling and for general symptoms of
arthrdlgia, fatigue, headache, rash, and fever.

18 The data that I am going to be presenting is
the id®ention-to-treat data or population. It is almost
ident®2€0al to the according-to-protocol data which is in your
brief?dg document. As you can see, there is a statistically

highe22incidence of local injection site reactions in the
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vacciné group as expected. For the general symptoms of
arthralgia, fatigue, and rash, there was a statistically
higher3rate in the vaccine group, but that was not true of the
events4of headache or fever. I should mention that the wvast
majority of these events were mild to moderate in severity,
and thé median duration of these events was two days.

7 If we next turn our attention to the frequent
unsoli®ited events occurring within 30 days of vaccination
from tRe entire study cohort. You will see here also that
therelWas a higher incidence of local injection site reactions
in thé&lvaccine group and also a higher incidence of frequent
eventd2of myalgia, fever, and flu-like symptoms of fever,
chilldl and myalgia. You will also note that there was a
highefd4incidence of rash in this population as well. I should
note fibat the incidence of arthralgia, which was significantly
highe#6in the solicited diary card group was not significant
in thil§ particular population.

18 Moving from early events to late events, that
is, thAd&se that occurred more than 30 days after vaccination.
You w2Dl see that there was no difference in the incidence or
natur@lof these events. There was no statistical difference

for f2&quent adverse events, frequent being defined as those
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that odcurred with an incidence of greater than 1 percent.
And thé&re was also no statistical difference for late events
as anaByzed by body system.

4 As recommended by the committee, we collected
24 months of safety data. For serious adverse events, there
were a¥most equal numbers of subjects, 581 vaccinees and 586
placebd subjects who reported SAEs. Although the number of
SAEs réported is large, I would just like to remind you that
again ®his included events such as outpatient surgeries,
pregndficies, and this arthritis/arthralgia category of data
that #é& had additionally requested. I would also mention that
the nifber of SAEs is independent of attribution. The nature
and iddidence of these events were similar between the two
groupd4 There were, again, no differences by body system, and
an eqidl number of subjects experienced serious adverse events
that uére deemed either related or possibly related.

17 There were also no episodes of immediate
hyperd@nsitivity in the vaccine group. We noted no unusual
pattei®s of adverse events, and there were no deaths that were
attrilB@table to the vaccine.

21 We felt it was very important to investigate

wheth@? subjects with previous Lyme disease were at any
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increaded risk for adverse events and we addressed this in two
ways. 2We identified a subset of subjects who had a self-
report8d history of Lyme disease and compared their adverse
eventsi4to their counterparts in the same treatment group who
did no® have such a history. We also performed the same
analysbs by evaluating subjects who had a positive Western
blot afl baseline and again comparing their adverse events from
the samfe treatment group to a population whose Western blot
was nedative at baseline. The results of this analysis
indicd®e that vaccine and placebo recipients who had a self-
reporfidd history of Lyme disease reported more frequent AE's
than d@bjects who did not. And just to paraphrase this,
againl3subjects with previous Lyme disease, whether they were
in thé4vaccine group or the placebo group, reported a higher
rate 46 adverse events. The interesting thing to note is that
they dcluded multiple body systems including GI and
psychidtric and other body systems as well.

18 When we look at subjects with a more objective
criteftPa of having a positive baseline Western blot, vaccinees
who w@fle positive at baseline experienced adverse events with
a simPlar frequency as those who had a negative Western blot.

22 At this time, I would like to return to the
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three flheoretical concerns which had been mentioned earlier.
These Qoncerns have been around since the inception of the
concepB of vaccination with OspA and have been previously
discusded both with the agency and at the advisory committee.
I would like to review these concerns since our pivotal
efficadéy trial was specifically designed to address these
issues7 The three concerns are whether vaccination would
exacerBate Borrelia burgdorferi induced pathology, whether
vaccin®&tion altered or attenuated the disease manifestations,
or whédther vaccination would induce an autoimmune arthropathy.

11 Let me address these one by one. Let me start
by addPessing the issue of exacerbation of Borrelia
burgddBferi induced pathology. In a Phase II study conducted
at Yald, patients who had previously well-diagnosed Lyme
diseadd were vaccinated and monitored for adverse events. The
studyldemonstrated that there was no evidence that the
vacciddes activated their previous Lyme disease symptoms, and
therel8as no evidence that they developed Lyme-like pathology.
In Lym® 008 again, I just recently discussed with you that
subje0s who had a positive Western blot at baseline were not
at anglrisk of either early or late adverse events.

22 The second issue is whether or not vaccination
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may alfler or attenuate disease. You have just recently heard
from D2. Steere that there was no difference in the
presenBation of Lyme disease or the duration of erythema
migrand in the vaccine group and that there was no increase in
the indidence of asymptomatic infection. In fact, it was
fairlyéprotective against that particular entity. And again
there wWas no effect of vaccination on the onset of disease nor
did it8increase late Lyme disease manifestations.

9 The third issue is whether or not vaccination
wouldlinduce an autoimmune arthropathy. Again, it has been
well kAown that Lyme disease patients rarely develop a chronic
treatm@nt resistant arthropathy associated with HLA DR4 or DR2
and thA3t these subjects are somewhat unique in that they
generd#e measurable anti-OspA titers. So the question that
has béén around for a long time is does anti-OspA cross-react
with émdogenous synovial proteins leading to an inflammatory
arthrifiis in a small percentage of genetically predisposed
patiedBs. At this time, I am not going to answer this
questildn right away, but I will ask Dr. Steere to discuss some
recen®0laboratory work in this area.

21 DR. STEERE: Thank you. I have had a long

inter&2t in the study of Lyme arthritis. Particularly
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puzzlidg has been the observation that a small percentage of
patien®s with Lyme arthritis have persistent joint
inflamBation most commonly affecting a knee after prolonged
coursed of antibiotic therapy. In rare instances, this joint
inflambation may persist for more than one year after
antibiétic treatment. We have called this chronic treatment
resistdnt Lyme arthritis.

8 In our experience, such patients have negative
tests Por Borrelia burgdorferi DNA and joint fluid after
antibidftic therapy, suggesting that joint inflammation may
persidfi after the apparent eradication of the spirochete from
the jd®nt with antibiotic treatment. We have identified
immund@enetic and immune markers in patients with treatment
resisfidnt Lyme arthritis. These include an increased
frequéncy of alleles associated with severe rheumatoid
arthri®¥is, particularly HLA DR-beta 10401 alleles. 1In
additiddn, in a recent study of 32 patients with Lyme
arthriBis, the only significant difference between treatment
respoiddive or treatment resistant patients was in reactivity
with &@0minant epitopes of outer surface protein A. In these
patiefls, OspA reactive T cells in the joints produced

prima??ly interferon gamma and a pro-inflammatory response was
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dominadt in the joint.

2 We have considered whether chronic treatment
resistdnt Lyme arthritis results from persistent infection in
a protdcted niche in the joint or from the development of
autoimbune phenomena within the joint. Our recent studies
give aépotential biologic mechanism in support of the
autoimflune hypothesis. We identified that the dominant
epitopd of OspA presented by the 0401 molecule is located
within9amino acids 165 to 173 of OspA. A homology search and
bindid@ algorithm identified only human lymphocyte function
associldted antigen as a candidate autoantigen. LFA-1 induced
T helpd@r reactivity in most patients tested with treatment
resisfidnt Lyme arthritis, but it did not induce activity in
thoselkith other forms of chronic inflammatory arthritis.
Molecdbar mimicry between this dominant OspA epitope and LFA-1
wouldlprovide an explanation for persistent joint inflammation
afterlthe apparent eradication of the spirochete from the
joint18ith antibiotic therapy. The question is
whethé® this potential for an autoimmune response within the
local®fed pro-inflammatory milieu of the joint would ever be
duplicdted in vaccinated subjects. As part of the 008 wvaccine

studyp2we did cellular immune testing in two subgroups of
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subjecfis. One was 100 consecutive subjects from one site.
They w&re not selected because of symptoms. In these
subjecBs, the T cells were obtained two weeks after the third
inject#on at the time of the maximal recall response. The
other &roup was 12 subjects in the entire study population
with umexplained arthritis or tendinitis following injections
in whorl cells were sent for study at the time of symptoms.
HoweveB, in all subjects, the cells were frozen and testing
was no® done until after the code was broken to maintain
blindiflg of the study.

11 After the end-date of the study, we learned
that 42 of the 100 subjects had received vaccine and 53 had
been dBven placebo. Enough viable cells were available to do
testidd in 41 of the 47 vaccine recipients and in 44 of the 53
placehd recipients. In these subjects, T cell responses were
determbned to whole unlipidated OspA -- in fact, I would
underddore that the preparation we used for this was
unlipi@ated OspA, because one is wanting to see the T cell
antigéd®ic response without a mitogen response -- and to
synth&®ic OspA peptides by proliferation assay. In addition,
the s@pernatant fluids from these cultures were analyzed for

InterP@ron gamma and IL-4 production by ELISA. To date, this
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work hds been completed in 39 vaccine and 24 placebo
recipiénts. In addition, HLA typing has been completed in 40
vaccindted subjects. Thus, work has not yet been completed in
all pldcebo recipients.

5 As shown in this figure, the magnitude of the T
cell résponses were usually quite low, both by proliferation
assay Shown here and by Interferon gamma production shown
here. 8Nevertheless, I think that these responses are real
becaus® greater mean responses are seen with the dominant
epitopds of OspA, both by proliferation and cytokine assays.
In pattficular, let me point out peptide 8, which is the one
that d@&ntains the cross-reactive sequence with human
lymphd&8yte function antigen. Interferon gamma production
could1lde detected in only a few subjects, and only one
subjed®t, a vaccinee, produced high levels of Interferon gamma
to peptide 8. The value in that subject was off the scale
shownllHere. It was 2,317 nanograms per ml.

18 For presentation here, the subjects were
groupéd® according to the presence of DR-4 or DR-11 alleles,
which2@orrelate with the greatest and least risk of chronic
Lyme 2itthritis. Six subjects with 0401 or 0404 alleles or had

these22lleles, and they had a higher mean response to whole
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OspA add to peptide 8 compared with the 34 subjects with the
other &lleles. Conversely, nine subjects had HLA DR-11
alleles8, and they had significantly lower mean responses to
OspA add to peptide 8 than did the subjects with other
alleles.

6 The T cell responses to OspA were then
correldted with clinical information about adverse reactions
in the8100 consecutive subjects from one site. O0Of the 41
vaccin® recipients, 17 were reported to have had an adverse
experidénce, most commonly pain at the injection site, compared
with 21of the 53 placebo recipients. However, the magnitude
of T @211 response to OspA or to each of the OspA peptides
was ndB significantly different according to the presence or
absendd of these clinical symptoms. However, one subject in
the vddcine group had a somewhat different clinical picture in
that &ke had pain in the left shoulder, elbow, and wrist for
three Iiflonths following the second injection and paresthesias
in thd® arm for 12 months. When this information was
correl®ted with the laboratory findings, it was learned that
she had the 0401 allele and that she was the one whose T cells
produ@éd high levels of Interferon gamma to peptide 8, the one

with ®Re cross-reactive sequence. However, she did receive
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the third injection and her joint symptoms did not recur and
her paZesthesias did not worsen.

3 When the code was broken, it was learned that
12 sub#ects in the vaccine group -- I am sorry, that the 12
subjects who had unexplained tendinitis or arthritis were
evenly6divided between the vaccine and placebo groups. Two
subjecfls, one in each group, had arthritis or arthralgia and
parestlBesias after the first or second injection lasting
througRout the subject. The subject in the vaccine group had
the 0401 allele and T cell responses to peptide 8 with
Interfidron gamma production. These laboratory tests have not
yet bd&@n completed in the placebo recipients.

13 In summary, Borrelia burgdorferi infection of
the jd#nt may lead to autoimmune arthritis in genetically
susceptible individuals apparently because of molecular
mimic#y between the dominant T cell epitope of OspA and human
lymphddyte function antigen 1 within the pro-inflammatory
cytokiBe milieu of the joint. Would such conditions ever be
duplid®ted in vaccinated subjects? In the 008 study, no
patte?f) of vaccine-induced rheumatologic symptoms could be
discefded by comparison of the vaccine in placebo groups.

Howev@®?, with laboratory markers including HLA typing and OspA
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epitopéd mapping, two subjects were identified who had the 0401
allelez2and T cell reactivity with peptide 8 resulting in gamma
Interf8ron production, and both had joint pain and
parestHdesias lasting for months. If OspA vaccination induces
joint Symptoms, the clinical picture based on these two
subject®s may be one of self-limited arthritis, arthralgia, or
parestfiesias. Moreover, i1f OspA vaccination induces joint
symptom8s, it must be a rare phenomenon, much rarer than the
geneti® susceptibility itself. Thank you.

10 DR. PARENTI: As I mentioned previously, we
addredded these issues in our study design, and we addressed
them pfospectively along with our DSMB, and I would like to
presedBl some of that data.

14 In the first year after two doses, the DSMB
revieué&d those subjects who had developed arthritis or
arthrdbgia within 30 days of injection and lasting more than
30 day§¥. The DSMB, after unblinding this by AE code, found
that filBere was an equal distribution of the groups. At that

pointl1lBn time, they recommended that no further action need be

taken28dnd that the study continue. So subjects were offered
dose 21
22 The DSMB again reviewed this at the end of the
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study dfter it had been unblinded when they reviewed all the
statis®ical adverse event comparisons, and again concluded
that tBere was no difference in the late onset of arthritis or
arthralgia.

5 DR. FLEMING: Will you be showing us that last
line -$6 the data for that last linev?

7 DR. PARENTI: The data from the last -- oh,
yes. Bhis was also addressed for a third time just prior to
the pl&cebo subjects receiving open label vaccine. So the
study1lad been unblinded, but the DSMB members had not been
unblidded to individual subjects, and the DSMB realized that
it wad2very important to address this topic again before the
placehd subjects got open label vaccine, otherwise we would
lose ddr control. So the DSMB created a subset of subjects of
interést and they rerandomized them and their data were
reevalwated in a blinded fashion by three DSMB members. The
resulfi7again was that there was no statistical evidence for an
inflamBatory arthropathy.

19 The DSMB addressed this concern for yet a
fourtROtime after reviewing the data that Dr. Steere has just
preseified, and once again found that there was no evidence of

an au@immune arthritis.
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1 In summary, we believe that the vaccine has a
very a@ceptable safety profile, that after the four-day diary
card oBservation period adverse events are similar to placebo,
and thdt there is no clinical evidence to support any of the
theoretical concerns. Thank you.

6 CHAIRPERSON FERRIERI: Thank you, Dr. Pietrusko
and yoUr colleagues. We have time before Dr. Lucey's
presenBation for FDA if you could stand available. We will
start Wwith Dr. Edwards.

10 DR. EDWARDS: I am slightly confused about the
expreddion of OspA in patients that have natural disease and
wonde#@d maybe if Dr. Steere could comment on the antibody
respoi8es that are generally seen in patients that have
naturdl disease, whether there are differences in immune
respoiddes in late disease in patients that have the
suscept®ible HLA locus, and finally whether patients that were
immuniZed or patients that have this late disease or this
chroni® arthritis, if you could comment a little bit about the

leveld %f antibody to OspA and their CTL responses.

20 DR. PIETRUSKO: Dr. Steere?
21 DR. STEERE: If I don't answer all of that,
pleas@2ask me again. If I can remember it all. Only a
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minorifly of patients have an antibody response to OspA near
the be@inning of infection and usually low levels, an
ephemeBal response that disappears. So most patients do not
have ad antibody response to OspA early in the illness.
Instead, it is later during the course of arthritis that about
70 perdent of patients with arthritis develop a response to
OspA. 71t usually occurs near the beginning of prolonged
episodd&s of Lyme arthritis. So in other words, Lyme arthritis
is usu®lly intermittent. Particularly at the beginning there
are sHOrt attacks, and some people never develop anything
other lthan that even in the natural history of untreated
infeciZon. Whereas, some patients will then develop more
prolodded episodes of arthritis, and that is usually when one
sees dd antibody response to outer surface protein A.

15 In the recent study that we did comparing T
cell #ésponses in patients with Lyme arthritis, the only
signifiicant difference between the treatment resistant and the
treatmént responsive group was in reactivity to certain
domind®t epitopes of outer surface protein A. And antibody
respofes to OspA are usually the highest that you see in
patieffls with treatment resistant disease.

22 DR. EDWARDS: So do you think the organism is
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turning that gene on in those patients that have arthritis?

2 DR. STEERE: Yes. I think most of us think
that 18 the most likely explanation. We have never been able
-- and4no one else has either -- to culture the Lyme disease
spirochete from a joint. It has been very difficult to show
that 1% is there other than by PCR testing, and we don't know
in the7natural history of the disease what the spirochete 1is
like. 8But certainly Erol Fikrig -- and you may want to
commen® on this -- has spearheaded work to show that the
spirodllete can express different proteins at different
locatiddns in the body. So I think most of us would accept the
hypoth@sis that at some point during the joint infection, the
spirodBete may turn on production of outer surface protein A
againl4

15 DR. PARENTI: If I could just add to Dr.
Steerébs comments. Allen discussed the late antibody
respoidfe. In our study, when we looked at our immunogenicity
subsefi8and we looked at their baseline anti-OspA level, there
were 881y 6 out of 900 or so who had any kind of detectable
anti-Q€8pA level. And of that, that represents less than one
half 8f 1 percent. And when you look at those titers, they

are baPely above the assay level. So essentially within this
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cohortlof people in an endemic area, we could not find
signif®cant anti-OspA levels at baseline.
3 DR. EDWARDS: Were their antibody responses
remarkdbly higher than those that had no antibody response?
5 DR. PARENTI: Their response was the same.

They dbdn't show a booster effect, for example.

7 CHAIRPERSON FERRIERI: Dr. Tom Fleming next,
please8
9 DR. FLEMING: Fleming. I would like to join

the s@énsor in thanking the investigators for a very
informdtive trial with 20 months of follow-up. I am trying
rightl2ow to get a better sense of the clinical interpretation
of whdB8 we found. And I am going back to your careful
develd@gments and your introductory material as you describe
the clbnical course of infection. You characterized three
major léomponents or stages or steps. One is the early
localilZed infection including the EM and constitutional
compldBnts, and then early disseminated infection, and then
late 1®8ne disease including chronic arthritis and neurologic
abnor®élities. It is quite clear from the data that the
vaccidted individuals seem to be benefitted in three specific

categ@fies. Most notably in reduction in EM. There is also
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some réduction in flu-like consequences or flu-like syndrome,
and alfhough I am not sure what the clinical relevance of this
is, in3asymptomatic disease.

4 But the essence then is the EM reduction. And
looking through the data, it wasn't apparent that the placebo
individuals through this 20-month period had documented cases
of earlly disseminated infection or late Lyme disease. What is
the tiBing of late Lyme disease? These latter consequences I
might Bave thought would be the ones of most clinical
relevdfice to patients. So in essence it looks as though there
is a dlear signal for reduction in this early localized
infeciZon EM manifestation. What can we glean from the data
though3beyond that?

14 DR. PIETRUSKO: Dr. Steere, would you like to
talk dbout the late manifestations? I know you eluded to it
earlidp on in your presentation. Could you further elaborate?

17 DR. STEERE: The goal in terms of evaluating
patiedBs was to try to identify anyone who might conceivably
have 4¢mptoms that could be Lyme disease. And I think showing

that €fat was the case, that patients were trying to do that,

that 2Q percent of the study population -- and there were more
than 22000 people in the initial year -- were evaluated for
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suspecfied Lyme disease. And when people did have Lyme
diseas&, they were usually very early in the course. This was
a groug of people who were prime to recognize Lyme disease or
were idterested in trying to do that. And it wasn't the sort
of popbwlation where somebody might let symptoms go for months
and mowths before seeking evaluation for that problem.

7 What it suggests in this study population is
that tlBe great majority of patients do have erythema migrans
as the9%nitial manifestation of the illness and they were
recogidzed and they were treated and nothing else happened in
thoselpeople. There were a few exceptions. I mean, a person
who p#é@sented with a trigeminal neuropathy. In the second
year, 18here was a person who developed Lyme arthritis and met
studyl@grotocol for being counted as a case though it was
becaud®é of PCR positivity from joint fluid and that person was
sero pésitive at baseline. So I think that he had the disease
beforé7study entry, but it became apparent during the study.

18 Lyme arthritis will usually develop within
monthd 9 What is months? 3 months, 6 months, 12 months, even
16 mo2ths if it is going to develop. So we would have
expecdd within a 20-month study that anyone who was going to

devel@@ Lyme arthritis would have. The same thing is really
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true off neurologic involvement, but there is a greater range.
It may2start later in terms of the development of late
manifed8tations of the disease, but still it would be the rare
except#on. So how I would look at it is that the majority of
patients were recognized at the first clinical symptom of the
diseas®, were treated with antibiotic therapy, and did not
develop later manifestations of the disease. And what is
more, We were testing serologically at the end of 12 months --
that 19 12 months after study entry, but it is more like 6, 5,
or 4 ménths after the tick transmission season -- and we found
out whAd was sero positive and had no symptoms yet. We would
presum@ that some of them would have developed symptoms if
they A3d not been recognized at that time. In fact, patients
were ddunseled about you have undergone sero conversion to the
spirodlete. It is not really know how this should be treated,
but md$t people are given a course of doxycycline and we are
happylfio give you that. Most people accepted it and took
antibid&tic therapy and nothing else ever happened. We do know
of twd9subjects who declined treatment at that time who
subse@@ently in the next year developed Lyme arthritis.

21 DR. FLEMING: So in essence then in looking at

the d&Ra, there is approximately a 1 percent occurrence of
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Lyme disease diagnosis in the placebo, and the intervention
has beén effective in reducing the frequency of this by 50 to
80 per&ent, but it is essentially EM, and there is no direct
informdtion, at least in this trial, that the vaccine was
additidnally beneficial beyond the way these placebo patients
were m&naged in reducing disseminated infection or late Lyme
diseasdg?

8 DR. STEERE: We do know that other people in
the st@dy did not develop manifestations of late Lyme disease.
So wellfelieve by early recognition of erythema migrans and
antibidtic treatment that we prevented later manifestations of
Lyme dPsease in that group and that the development of it in
the ofiBer group, a number of them would have had asymptomatic
sero ddnversion before they develop it and we recognized that.

So théy were treated with antibiotic therapy as well.

16 DR. FLEMING: Chair, just one last thing.
17 CHAIRPERSON FERRIERI: Yes, please.
18 DR. FLEMING: So to follow -- to make sure I am

underd®anding, I think we are saying the same thing.
BasicaDly by careful surveillance and appropriate antibiotic
theragy, even without the vaccine we are able, at least over a

20-mo2%h period, to prevent the occurrence of disseminated
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diseasé& and late conditions.

2 DR. STEERE: If one is surveying a population
this cdrefully, yes.

4 CHAIRPERSON FERRIERTI: If T were a lawyer, I
would Say you are leading the witness.

6 DR. PIETRUSKO: I think an important point here
is alsd that the asymptomatic sero conversion was identified
as a pdrt of this particular study. Oftentimes that would not
be rec&dgnized in normal practice because there are no symptoms
and tHérefore the subject would not come in.

11 CHAIRPERSON FERRIERI: Dr. Greenberg?

12 DR. GREENBERG: You showed, I think, a
correldtion of antibody levels after two months and subsequent
illnedd in the vaccine failures in the coming year. Do you
have filbe same data for the second year?

16 DR. PIETRUSKO: Dr. Parenti will answer that.

17 DR. PARENTI: No. Unfortunately initially the
protoddl was designed to look at the month two data and
vaccid® efficacy in year one. Unfortunately in year two the
only @&ta that we have after the third dose comes from the
immun&denicity subsets. So it is a very, very small number of

subjelts.
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1 DR. GREENBERG: One other question. Do you
have a2y long-term follow-up subsequent to the end of year two
that 18 on the maintenance of antibody level? You showed that
at thedend of year two it was just about the same as after the
secondbmonth. Do you have anything like the end of year 37
Were pétients followed?

7 DR. PARENTI: Yes. We obviously have a booster
strated@y program, and we have continued to follow those
initia® vaccinees for a couple of years now. We also have two
other l€@ohorts. One group has received an additional dose at
month124 and we are following them long-term. We have a group
that d2e now receiving yet a fifth dose and we plan to be
follouBng them for the next couple years. We will be
follou#ng -- we will be trying to determine the drop-off of
antibddy kinetics or the drop-off of the curve, and obviously
when p6ot together with a correlate, we hope to come up with a

cogenfi/booster strategy.

18 CHAIRPERSON FERRIERI: Dr. Claire Broome is
next.19
20 DR. BROOME: Two questions. One for Dr.

Paren®l. When you look at your two-month titers in the cases,

have ¢8u broken that out by the interval between the vaccine
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receptilon and the onset of the case, i.e., do you see a
furthe? correlation between the post two-month titer and the
timing30f the case?

4 DR. PARENTI: We have looked at the onset of
diseas® in these subjects, and there is no tool. The onset of

the di$ease is the same. We have not specifically looked at -

- 7

8 CHAIRPERSON FERRIERI: Use the microphone,
please?d

10 DR. PARENTI: We have also looked at their
onset 1ldf titer at the time of disease as well. So we have

looked?2at both what they had at month two and when they came
in fo#3their acute evaluation, we looked at their titers
therel4 And we have also looked at when they came back a
couplédbof weeks later for their convalescent titers -- when
they d#&me back for their convalescent bloods as well.

17 DR. BROOME: But I would just be curious
-- lodking at the two-month with the interval between vaccine
and di®ease. Because I think once they come in with disease,
it is2@ery difficult to interpret the titer level. My second
quest®dn was to Dr. Steere, and it relates to your category of

flu-12Re illness. I would like to know what were the
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intervdls at which you obtained the sera to document sero
conver@ion. As we all know, flu-like illness is a pretty
nondes8ript category. And I would like to be reassured that
what ydu are looking at is sero conversion very tightly
defined around the times of the flu-like illness as opposed to
your c&tegory of asymptomatic sero conversion, which obviously
relies7on the difference between the two-month and the 12-
month 8erology, as to whether those categories are really
differént.

10 DR. PARENTI: If I could go back to one of the
commendfls that you made, you said that it would be difficult to
assesdzantibody levels once people are infected. But in fact
the ndBural response to infection is not to have any anti-
OspA. 14So when we looked at the placebo subjects who were
cultu#téd positive, they developed no anti-OspA at all. When we
looked6at the vaccinees who were infected, they developed no
boost1ldt all. When we looked at the vaccinees who were
vaccid® failures later in the year, they again had no boost.
So I #Rink that the response, even at an acute specimen or
even 20convalescent specimen, would be valid since we rarely
essen®ilally have not seen any boost in anti-OspA as a result

of na®@ral infection.
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1 CHAIRPERSON FERRIERI: We have several other
member® of the committee, and you will have your turn. We
will sBart with Dr. Karzon.

4 DR. BROOME: Could I get an answer to my

questidn on the flu-like illness?

6 CHAIRPERSON FERRIERTI: I am sorry, Claire.
7 DR. STEERE: We had a baseline sample on
everyole, and we also had a month-two sample on everyone. So

that w&uld have been obtained in the winter and spring of
1995.10In year one, the flu-like illness was assessed usually
withidlone to two to three to four months after that second
samplé?2 And so we were —-- the definition required that by
Weste#d blotting the month two sample be negative, and that
eitheft4dthe acute or the convalescent sera be positive. There
were dértainly a number of examples where the acute sample was
negative, and it was the convalescent sample that was
positive. And either the IgM or the IgG criteria would apply
in calBing that a case. But I would emphasize that the reason
this d@&tegory was called possible Lyme disease was because of
the p&fential for misdiagnosis based on those clinical
sympt@is and that laboratory diagnosis. And as I explained,

we kn@w that Ehrlichia infection can cause flu-like illness
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and aldo give you a false positive Western blot for Lyme
diseas&. As a matter of fact, we have done now serologic
testing for Ehrlichia and Babesia as well as PCR testing, and
when wd excluded people in a sub-analysis who had evidence of
co-inféction, we found that in the people who had only
evidenée of Borrelia burgdorferi infection that vaccine
efficady in year two was just as high in the flu-like symptom
cases &s it was in the definite cases. That is what really
makes Me think that the problem with that category is the co-
infecfifon, and that it was certainly the right thing to call

that pdssible Lyme disease rather than definite Lyme disease.

12 CHAIRPERSON FERRIERI: As we proceed, the
questildns need to be brief and the answers brief. Dr. Karzon?
14 DR. KARZON: The availability of Western blot

in thébtiter fashion makes me consider the titer itself and
its rdbe in preventing infection or altering infection. There
are mdfly infectious diseases that we know about where antibody
would1lBe singled out as useless unless we knew that a given
titer1l8r titer range more accurately is necessary to prevent
infec2fon. Respiratory syncytial virus is a good example of
that. 21

22 The very nice curve that was draw of Western
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blot titers would prompt me to ask if you did a scattergram of
indivi&@ual "breakthrough" and protection? Do you get a
threshdld titer that would be a guide to what sort of
expectdncy we should have for antibodies? But a part of that
questidn is exactly what is the epitopic sequence that is seen
by that antibody? How much substitution can you have? Are
there Yariable amino acids within that epitope? How does it
compard to cross-reacting epitopes like LFA? There are
questid®ns that are put in the package because they pertain to
the spdécificity of the titer. DR. PIETRUSKO:

Okay, 1Dr. Karzon. I will have Dr. Lobet talk about the
specificity response and then some of the other questions we
will A8ve Dr. Parenti respond to you also.

14 DR. LOBET: For the ELISA titers that have been
shown 1lbere, those were with polychromal antibodies, so
recogibzing only the epitopes on OspA. We don't expect to
have dry difference even with small variations. For instance,
in thé&8recognition of OspA even with the small differences in
the sd§uence. That is one part.

20 Even if you use LA-2 equivalents, LA-2 being a
monocB#omal antibody that is known to be both bactericidal and

prote@five in a mouse mother when you transfer it passively.
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And welhave an assay that allows us to monitor the amount of
LA-2 e@uivalent you find in antiserum. I would not expect any
differ8&nce in the recognition of the OspA you find in the
United4States for the following reason. All the isolates we
have m&de from the clinical cases we have found here were
simila® to other known U.S. strains of Borrelia burgdorferi
sensu Ftricto. And we know from previous experience that LA-2
will récognize all those different isolates. So we do not
expect 9any modification of the response according to small
variafifons in the OspA sequence.

11 DR. KARZON: Well, have you constructed
epitop@s and looked into this specifically? And I am probing
this B8cause there might be clues as to how you can make an
antibddy exactly what you want it to recognize, which might be
saferldn terms of seeing other systems.

16 DR. LOBET: The LA-2 epitope is not known for
now. 1The only thing we know is that it is located on the
second8half of the molecule, which is rather vague. But there
is nolflore information. We know there is a confirmation on
the egdtope also.

21 DR. KARZON: You could even package that

epitop® differently so that you just have no possibility of
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interfédring with other systems.

2 DR. LOBET: By packaging, what do you mean
exactly?

4 DR. KARZON: Delivering it. You take an
epitop® in itself with the very short peptide chain -- a very

limited chain. But you would have to do a variety of things,
many of which are currently under study with other vaccines,
to makd it immunogenetic.

9 DR. LOBET: As I said, this is confirmation on
epitopd. So you cannot expect a peptide to mimic this
epitopgd. So you need a structure of the protein to mimic
this.12That is one thing. The second thing is that apparently
this 48cond half of OspA is quite sensitive to any
modifidations you could make around this. So if you truncated
it, ydb may lose its epitope. So the most likely antigen to
use of6the most useful antigen to use so far is the full
length 7protein.

18 CHAIRPERSON FERRIERTI: I would like to have two
of outt9consultants go next, and then we may need to close
befor&0Lucey's presentation. Dr. Luft and the Dr. Dattwyler.
Go ahedd, please.

22 DR. LUFT: In the data regarding the evaluation
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for sudpected Lyme disease that Allen presented, he said about
1,000 Ratients self-reported symptoms for Lyme disease, and
then i3 the subsequent year it actually went down to about
690. What happened to these patients? What were their
diseaséds and do they segregate it in any way according to
vaccin&tion? And furthermore, why was there this very
significant drop in the number of subjects that were self-
reportBng symptomatology between year one and year two and was

this a9%accine effect?

10 DR. PIETRUSKO: Dr. Sikand will address that
questidn.
12 DR. SIKAND: We specifically looked at the

issueldf what did these patients have. Let me back up by
sayind4that we actively solicited any possible symptom of Lyme
diseadd, including arthralgias. And as you are aware Or as we
are au®re, arthralgia can become a very broad symptom in a
patiedfl's mind. If I sent a postcard out or spoke with a
patied® over the telephone about a joint pain, it could be to
them 48mething quite different from what we look at as
arthr2Dgia or arthritis. Indeed, we brought them in. What
were PHese diagnoses? Very often they were tendinitis,

osteozfthritis, bursitis, and various other syndromes relative
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to theljoint. But in order to be completely certain that we
were n@t missing manifestations of Lyme disease in these
subjecBs, we indeed did acute and convalescent serologies on
these @atients so as to be sure that we weren't missing
manifesStations of Lyme disease.

6 In answer to your question about why there was
a significantly smaller number of subjects in year two
evaluaBed according to the same laboratory and symptom
criterPa, I personally believe, and this is my subjective
impred®ion, that the reason is that these patients had already
had vdfious aches and pains evaluated in year one and they
were #&assured that those aches and pains were not Lyme
disead8. So when they had similar symptoms in year two, they
felt d44little more comfortable in not calling me and saying
that ibkey thought they had Lyme disease.

16 DR. LUFT: I mean, I asked specifically whether
theselfatients were evaluated as to their vaccine status and
whethéB they segregated in any particular way.

19 DR. SIKAND: There was no difference between
vaccif®es and placebos in terms of those particular symptoms.
Indeed@l the data were presented earlier by Dr. Parenti

regar@®ng patients who were presented to the DSMB as having
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had symptoms of arthralgia. I believe the symptoms needed to
have p@rsisted for longer than approximately a month before
they eBdtered that category. And when they were analyzed
according to a system of A or B —— i.e., they were not
unblinded, they were A or B -- there was no difference between

vacciné and placebo in presenting with that symptomatology.

7 DR. LUFT: Independent of serologic status?

8 DR. SIKAND: I beg your pardon?

9 DR. LUFT: Independent of their serologic
statud?®

11 DR. SIKAND: Serologic for?

12 DR. LUFT: I mean, did you use the serology to

be abl8 to make that assessment as to whether they were Lyme
diseadd or non-Lyme disease?

15 DR. SIKAND: Serology was indeed used to see
whethé® they had Lyme disease or if they did not have Lyme
diseadd in terms of their work-ups. This is for suspected
Lyme dBsease you are talking about?

19 DR. LUFT: No. I am just asking whether the
1,0002Patients, were they segregated into the vaccine group
versuglthe placebo group. That is all I am asking.

22 CHAIRPERSON FERRIERI: Could one of you address
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that b#iefly?

2 DR. PIETRUSKO: Dr. Parenti.

3 DR. PARENTI: Could you give me slide 38 and 39
in Dr. 4Steere's carousel, please? What these slides show is
the atback rates in the non-cases, and we have separated them
into -6 again, if you recall, Dr. Steere had described
categofly 0 and category 9, and then we combined them. So
categoBy 0 were people who had the complete evaluation. We
have aPl the data and you can make a full assessment.

Categdfy 9 was basically a partial evaluation. As you can see
-- I 4d sorry, this is for both years combined. You can see
that t2rtually equal numbers were evaluated for category 0 and
categdBy 9. There were slightly more people in the vaccine
group ldverall. Almost 660 versus 613 with a P value of .09.

15 Interestingly, we went back through these

subjed®s and looked at who might have actually been a sero
conveitffer, and if anything there is more potential cases in
this dBoup, in the placebo group, than in the vaccine group.
So I dé&n't think that we are just having people come in and be
evaluzfed and discounting their symptoms and kind of dumping
them PAto these categories and not counting them as vaccine

failu?€s. Is that your point, Dr. Luft? Is that your
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questidn?

2 DR. LUFT: Yes, for the most part.

3 DR. PARENTI: The other thing I would just add
to Dr.4Sikand is Dr. Sikand had the largest number of subjects
in thi$ study, but in terms of what did people have as far as
their $ymptoms were concerned, I heard the same thing from
other iInvestigators as to year two and why weren't as many
people8evaluated. I heard this same theme from other
invest®gators. As soon as this study started, people took
this 49 an opportunity to have their wvague, long-standing
symptdrs evaluated and after that was done in year one, they
didn'f2repeat that.

13 CHAIRPERSON FERRIERI: Do you have another

slidel4Dr. Parenti, or is that it? That is it?

15 DR. PARENTI: Yes, I think that makes the point
clearl6

17 CHAIRPERSON FERRIERI: Dr. Dattwyler, you had a
questidn.

19 DR. DATTWYLER: It is along the same lines as

Dr. K&fzon's question. OspA has both protective and non-
prote@fiive epitopes. In the cases of vaccinated individuals

who sudBsequently developed infection, was the LA equivalent
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significantly less than the people who were protected? And
were tRere individuals who had reasonable titers of anti-OspA
and yeB had low titers of the protective LA-2 equivalent?

4 DR. PIETRUSKO: Okay, the correlation between
LA-2, DBr. Parenti will answer that.

6 DR. PARENTI: The reverse cumulative curve that
I previlously showed for IgG is virtually exactly the same for
LA-2. 8So if you look at the year one vaccine failures where I
had th® reverse cumulative curves, the data are virtually the
same. 10

11 DR. DATTWYLER: But those are means. What I am
asking2is are there individuals who have reasonable titers of
OspA ¥8t do not make enough anti-LA-2 equivalent?

14 DR. PARENTI: There is an excellent correlation

betweéh the two antibodies. We have previously --

16 DR. DATTWYLER: In all cases?
17 DR. PARENTI: I can't say it is exactly all
casesl8 I mean, the correlation is very, very tight. If you

want & hold on —--
20 DR. DATTWYLER: And then the other question is
with Pépeat immunization, does that still hold true? Because

if yok2look at the LA-2, it is in the carboxy portion of the
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molecule where the lipidation site is in the amino portion of
the molecule, and that is more -- is there non-protective
epitop8s which may be more antigenic and therefore with
repeatdd immunizations give you higher and higher titers?

5 DR. PARENTI: Could you give me overhead number
43 and644, please?

7 CHAIRPERSON FERRIERI: This will be the last
questidn that will be answered. I have made note of other
member® of the committee who want to comment, and we will do
that dfter lunch before we have the presentation of questions.
Thereldill be a number of issues that we still need to ask the
sponsd®s. Dr. Parenti, could you address this briefly now,
pleasé3
This 14 a very important question and I would like it
addredded at this time, even though it is encroaching on Dr.
Luceyl$ time.

17 DR. PARENTI: There is actually a series of
overhd8ds here. The first one shows a correlation between IgG

and LADY2. This is for month two.

20 CHAIRPERSON FERRIERI: Lights down a bit,
pleasel
22 DR. PARENTI: I apologize, I don't see the R
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value dn there. But you can see there is a very good
correl@tion between the two. If you could put the next one up
as welB. This is at month 13 -- again, one month after the
third dose. You see basically the same correlation.

5 CHAIRPERSON FERRIERI: And these are ELISA
units én the X axis?

7 DR. PARENTI: I am sorry, we have -- this is
the Ig@ ELISA units on this axis and this is the LA-2 on the Y
axis. 9And the third time point that we have is month 20,
which1l0s again towards the end of the study and titers have
startéd to fade. 1If you could put number 45 on, please?

12 DR. DATTWYLER: There are some outliers there,
though3 I mean, certain people have higher titers of anti-
OspA fidat don't have high titers of anti-LA-2 on that previous
slidel5

16 DR. PARENTI: Right. It is not 100 percent,

but géflerally there is good correlation.

18 DR. DATTWYLER: I think that is an important
point 19
20 DR. PARENTI: And again, a similar pattern at
month220.
22 CHAIRPERSON FERRIERI: Thank you. I know how
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anxioud all of you are to get your questions out. They will
emerge?2later. Please don't forget them. Jot them down. We
will m8ve to Dr. Dan Lucey from FDA, who will present now.
When hd is through, we will break for lunch.

5 DR. PIETRUSKO: Dr. Ferrieri, we have a few
conclu$ion slides.

7 CHAIRPERSON FERRIERI: Oh, I am sorry. I

though8 you had concluded. Would you like to do that now?

9 DR. PIETRUSKO: Not quite. We are almost
therel0
11 CHAIRPERSON FERRIERI: Almost? You promise?
12 DR. PIETRUSKO: It will be only a few minutes.
13 CHAIRPERSON FERRIERI: Apologies.
14 DR. PIETRUSKO: That is okay. I will give a
few cdidcluding remarks. Thank you, Dr. Ferrieri. In

concli$ion, Lyme 008 was a prospective, well-designed,
random¥zed, controlled clinical trial. It was a truly
remarkd&ble study. Why was it remarkable? For a number of
reasois.

20 First, we had more than 22,000 person years of
observdtion during the study. And as Dr. Parenti mentioned,

it is2urrently ongoing for those who have been involved in
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that sfiudy that were switched over from placebo and also those
patien®s that were originally randomized to LYMErix vaccine.

3 Dr. Steere mentioned the impressive subject
complidnce. It was truly remarkable over this two-year period
that there was 95 percent compliance with the visits and
follow6up in these individual subjects. There was rigorous
subject evaluation for suspected Lyme disease. Over 1,000
cases Were evaluated and each case was independently evaluated
in a bPinded fashion by the data safety monitoring board.

10 There was a large, unique data base regarding
asympfidmatic infection based upon the placebo population and
the sdfology that was taken at the time. Serologic evaluation
is avdBlable with baseline reference. It also provides access
to seftdepidemiology and there was an extensive and detailed
safety¥bdata base both with solicited and unsolicited
spontdmeous adverse events.

17 You have heard from Dr. Schoen and Dr. Sikand
that filBere is a definite need for such a vaccine against an
emergil®g infection. You have heard from Dr. Lobet about the
novel 2ostulated mechanism of action in the mid gut of the
tick.21You have heard Dr. Steere present the data on the

effic@@iousness of this particular product as demonstrated in
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Lyme 008, and you have heard from Dr. Parenti that this
produc® is highly immunogenic, safe, and well-tolerated.

3 Based upon these findings, we believe that
LYMEri# is both safe and effective and will represent an
importédnt new public health approach for the prevention of
Lyme dbsease, including asymptomatic infection. Thank you.

7 CHAIRPERSON FERRIERI: Thank you, Dr.
Pietru8ko. We will move on then to Dr. Dan Lucey from FDA.
Please%take the time that you need, Dan, that was allotted.
Don't1lfleel that you need to truncate it.

11 DR. LUCEY: Thank you, Dr. Ferrieri.

12 CHAIRPERSON FERRIERI: The table has a copy of
this pgBesentation to follow.

14 DR. LUCEY: Good afternoon. Between now and
12:45151 would like to present the FDA's review on safety,
efficdéy, and immunogenicity of SmithKline Beecham's Lyme
diseadd recombinant OspA vaccine.

18 First of all, I would like to address the issue
of thé9%safety data base. Overall, we have seen data on
great@p than 18,000 subjects who have received at least one
dose @fi this vaccine. 6,400 subjects ages 15 to 70. Most of

these22ubjects were in the pivotal efficacy trial, Lyme 008.
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15,902 lvaccine doses were given to 5,469 subjects. 1In
additi@n, there have been six other clinical trials involving
2,180 doses in 1,009 subjects who received at least one dose
of thid vaccine. The overall safety data is similar to that
seen i’ the pivotal Phase III study Lyme 008.

6 As you heard from Dr. Steere, Lyme 008 was a
random¥zed placebo controlled study involving 5,469 vaccinees
and 5,867 placebo subjects. The subjects were 15 to 70 years
of age9 They were vaccinated on a 0, 1, and 12-month
schediDle, and there was 20 months of blinded follow-up.

11 With regard to safety monitoring, there was
both 48licited and unsolicited adverse events. The solicited
adverd8 events were done in a subset according to protocol of
402 vddcinees and 398 placebo subjects. The unsolicited
adverdd events of course involved all subjects.

16 Now I would like to present data first on
solicilffed and then later on unsolicited adverse events. This
firstlBable shows from Lyme 008 the incidence of solicited
locall8ymptoms reported on days 0 to 3 by diary card after
each Yd&ccination dose. What I would like to call your
atten®lon to here is that for these three local solicited

adver2® events of redness, soreness, and swelling, there was a
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higherlincidence in vaccinees compared to placebo. However, I
would Pike to emphasize that going from dose one to dose two
to dos8 three, there was no increase in the frequency of
adversd events in vaccinees.

5 Next with regard to the incidence of solicited
systembc symptoms, again reported on days 0 through 3 by diary
card afilter each vaccine dose, you will see that as the sponsor
earlieB pointed out, there was a statistically significant
increa®e in arthralgias, fatigue, and rash, that is, a higher
frequéficy in vaccinees compared with placebo, and not for
headadhe or fever. But again, going from dose one to dose two
to dod& three, there was no increase in the frequency of
adverdd events in the vaccinees.

14 Moving now to the incidence of specific
unsolidited adverse events occurring at a frequency of at
least1lb percent within 30 days post-vaccination. This
invold#ds all subjects. It is intention-to-treat. You will
see tA&t the vaccinees had a higher frequency of injection
site p&in and injection site reactions, fever, influenza-like
sympt@fls, myalgias, and rigors. There was no difference
betwe@d vaccinees and placebo subjects in terms of arthralgias

or raglk. And I would like to add that this table focuses on
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frequedcies of at least one percent. Arthritis occurred in
both gPoups, vaccinees and placebo, at a frequency of less
than oBe percent. And specifically it was 0.9 percent in
vaccindes and 0.8 percent in placebo subjects. So there was
no difberence in arthritis within the first 30 days of
vaccin&tion.

7 Moving now to unsolicited adverse events, again
occurrBng at a frequency of at least one percent at greater
than 3@ days post-vaccination for all subjects. Here you will
see tA&t there were NSs for not significant. There was no
statidfiically significant differences between vaccinees and
placebd@ for any of the unsolicited adverse events which we
showed3on the previous slide, and those specifically include
arthrdigias and arthritis and tendinitis.

15 Looking now specifically at the incidence of
unsoliéited musculoskeletal system disorders, and that
includdd not only joint but also bone and muscle abnormalities
under 18he rubric of musculoskeletal system disorders. For all
subjed®Bs less than 30 days post-vaccination on the top panel
and gZ€ater than 30 days post-vaccination on the bottom panel.
What géu will see is that there was a statistically

signif®Pcant difference within 30 days post-vaccination, such
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that vdccinees had a higher frequency of unsolicited
musculd@skeletal system disorders than did the placebo
subjecBs. At greater than 30 days post-vaccination, there was
no sta#istically significant difference between vaccinees and
placebd.

6 I am sorry you can't see the top of this slide.
This 1§ the frequency of serious adverse events following any
vaccin® dose by body system. Here you will see numerous body
system® listed on the far left part of this slide. You will
note filat again NS stands for not significant. There were no
statidfiically significant differences between vaccinees and
placebd@ for any of these multiple body systems, with one
exceptfiBon, metabolic and nutritional, where placebo had a
statid#dically significant higher frequency, .13 versus 0 in
the vddbcinees.

16 In particular, musculoskeletal system disorders
is indlJuded in this table as are central and peripheral
nervolis8 system abnormalities and autonomic nervous system
abnorm®lities, psychiatric and gastrointestinal as well as
cardi@@ascular and myocardial, endocardial, and pericardial
and valve abnormalities.

22 With regard to deaths in Lyme 008, there were
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15 deafths total. ©None, as was mentioned by the sponsor, are

attrib®ted to the vaccine. There were 10 deaths in the
vaccin&es and 5 in the placebo. There was a total of six
cancerd, 5 in the vaccinees and one in the placebo. There

were 55myocardial infarctions, MIs, or probable myocardial
infarct®ions, MIs, 4 in the vaccine group and 2 in the placebo.
In the’7placebo group, there was one subject who had sudden
death &nd one subject who had septic shock and one subject who
died o#®f stabbing.

10 Again, as has already been mentioned, in the
1994 4dd to some extent in the following 1996 Vaccine Advisory
CommifiPee Meeting, there were three theoretical safety
conce#3s raised with regard to vaccination with this OspA
proteid.

15 First was to assess the safety of vaccination
in indbtviduals who report a history of Lyme disease or have a
positive Western blot to Borrelia burgdorferi prior to
vacciddtion.

19 The second is to assess the effect of
vacciédtion on the temporal onset and clinical manifestations
of LyiRd disease.

22 The third was the occurrence of arthritis in
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study participants, in particular would vaccination with OspA
induce2autoimmune arthritis?

3 Taking this first safety concern, that is, to
assessi4the safety of the vaccination in individuals who report
a histdry of Lyme disease or have a positive Western blot to
Borrelba burgdorferi, data from Lyme 008, specifically the
incidefice of unsolicited adverse events reported within 30
days p8st-vaccination for subjects with a history of Lyme
diseas®, there was a statistically significant difference in
locallfeactions such that vaccinees had more than placebo.
Howevéd#, there is no difference in systemic adverse events.
So thilg is similar to what was seen with regard to all the
enroll8&es in Lyme 008, that is, a higher frequency in
vacciddes than placebo of local adverse events occurring
withiAd530 days of vaccination.

16 Looking now at the incidence of unsolicited
musculdskeletal system disorder for subjects with a history of
Lyme dBsease. Again, the top panel is for less than 30 days
post-t&ccination and the bottom panel is for greater than 30
days gOst-vaccination. You will see that there was a
statigfiically significant difference at less than 30 days

post-v&ccination such that vaccinees had a higher incidence of
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unsolidited musculoskeletal system disorders than did the
placeb@ subjects. However, at 30 days post-vaccination, there
was no3difference between the two groups.

4 Turning now to persons who had a positive
Wester®d blot at baseline. And again, looking at incidents of
unsoliéited adverse events reported within 30 days post-
vaccindtion for subjects with a positive Western blot. Again,
there Was a statistically significant difference for local but
not sy$®temic adverse events, such that vaccinees had more
locall&dverse events than did the placebos.

11 Again now moving on to incidence of unsolicited
musculd@skeletal system disorders for subjects with a positive
Weste#d blot at baseline. Again, the top panel shows less
than d4 equal to 30 days post-vaccination data and the bottom
panel lgreater than 30 days post-vaccination data. You will
see tA&t in this group of people who had a positive Western
blot 4f baseline, there was no statistically significant
diffe#ténce between vaccinees and placebo either at less than
30 day® post-vaccination or greater than 30 days post-
vacciédtion with regard to unsolicited musculoskeletal system
disor@érs.

22 The second theoretical safety concern is that
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of theleffect of vaccination on temporal onset and clinical
manifeg&tations in individuals who develop Lyme disease. There
are thBee points that we would like to make in this regard,
that 14, the effect of vaccination on the clinical
manifestations of Lyme disease in this study, Lyme 008. The
majority of cases in both groups presented with erythema
migrang, EM, in both years, year 1 and year 2, as has been
discus$8ed and presented earlier this morning. The onset and
the duBation of erythema migrans did not differ between
groupd0 Again, that was true for year 1 and year 2, and the
data Hds previously been shown. The proportion of cases
diagnd2ed by culture, PCR, for Borrelia burgdorferi or Western
blot f8r Borrelia burgdorferi was comparable between the two
groupd 4

15 This table shows from Lyme 008, the month of
onsetl6for category 1 cases, that is, definite Lyme disease,
in yed¥ one according-to-protocol or ATP. You will see the
columid 8on the left is the month in which the subject in the
studylWwas diagnosed, the vaccine, number and the percent of
casespgland placebo, the number and the percent. What we would
like 84 emphasize is that nearly all persons diagnosed with

Lyme @Psease, both in the vaccine group and the placebo group,
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presenfied and were diagnosed in either June, July, or August.
I thinR there was only one person in the first year who was
diagnosed after the end of August, and that was in September.
The yedr two data is essentially the same, that is, no
differénce between the temporal onset of Lyme disease in
vaccingées and placebo subjects.

7 The third theoretical safety concern that was
raised8in the 1994 Vaccine Advisory Committee was that of the
occurrénce of arthritis in vaccine study participants,
specififcally could OspA vaccination induce an autoimmune
arthrifiis. As has been mentioned, there are several ways of
lookiAg at this data, and after this slide I would like to
show d43couple of overheads before moving on to additional
slidedd

15 First of all, in the intention-to-treat
analydbs for Lyme 008, looking at arthritis as a serious
adverdd event after any vaccine dose, the number of vaccinees
and tA& number of placebo subjects was identical, that is,
five 1® each group for a frequency of 0.1 percent in each
group20 Again as has been mentioned, the data safety
monit@#ing board analysis looked at both year one and year two

to se@2if there was any evidence of an increased frequency of
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arthrifiis in vaccinees. In year one, there were a total of
107 suBjects who had symptoms that were attributable at all to
arthraBgia that occurred within 30 days after vaccination and
that pdrsisted for at least 30 days. The DSMB did a blinded
comparbson -- an A versus B comparison -- and found no
differdénce between vaccinees and placebo, that is, the number
of vacdinees and the number of placebo in this group of 107
were i@entical. They were broken down in several ways. One
was arthritis/tendinitis and another was alternative diagnosis
and tA&t could include fibromyalgia or over-use syndrome or
otherldiagnoses. An additional group were people who had a
totall® normal physical exam performed by a physician. So
therelwas no difference in year one between vaccinees and
placebd in the 107 people that had symptoms that either were
or sounded like arthralgias that persisted for at least 30
days dbter or occurring within the first month after
vacciddtion.

18 Then looking at year one and year two, there
was alBotal of 304 persons who had an evaluation because of
any a@@erse event that sounded like an arthritis. Again,
there2idas no evidence of increased frequency of arthritis

after2faccination. That was the DSMB analysis that was done
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separaflely by three members of the DSMB and then analyzed by
the DSMB statistician independently. There are no differences
found Between the vaccinees and placebo for any of the three
individual independent DSMB member evaluations.

5 If we could have the overhead now?

6 DR. FLEMING: Are you going to show us the
treatmédnt breakdowns? Are you showing how that broke down by
group? 8

9 DR. LUCEY: I do have an overhead that I can
show fi0dr the year one 107. I have broken them down into
vaccidé and placebo, specific ones. Here we would like to
show j@st a couple of overheads. This is fairly recent data
that A3s come to light and has been addressed by Dr. Steere
and D#4 Parenti in their presentations.

15 I want to emphasize first of all that up until
now I llbave been talking about vaccinees, Lyme 008 in
partiddlar. This overhead addresses not vaccinees but
patiedBs with treatment resistant Lyme arthritis. This is to
set thHé& context. Again, Dr. Steere has already presented this
and D20 Parenti has amplified it. But I would like to start
with ®Ais overhead that focuses on treatment resistant Lyme

arthr2fis, not vaccinees.
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1 There has been found an increased frequency of
certai® HLA DR alleles compared to treatment responsive Lyme
arthriBis. There has been found an increased T cell
prolifdration to certain outer surface protein A peptides --
what h&s been referred to as peptide 8 -- compared to
treatmént responsive Lyme arthritis. Dr. Steere and
colleadues have found a homologous amino acid sequence
identiBied between one of these OspA peptides and the human
protei® lymphocyte function antigen 1 or LFA-1. And he showed
wherelthe amino acid homology was located, between OspA amino
acids 1165 to 173, and LFA-1 I believe is amino acids 332 to
340. 12n addition, LFA-1 induces T helper cell reactivity as
determBned by gamma Interferon production in 9 out of 11
patiedtds who have treatment resistant Lyme arthritis. So that
is thé&bcontext looking at patients, not vaccinees, with
treatmént resistant Lyme arthritis.

17 With regard to Lyme 008 -- so moving now back
to thd8vaccinees and to the study Lyme 008, the Phase III
studyl9 There was a cell mediated immunity subset, or as we
heard2®arlier this morning in a sense two subsets. This was
the m&in one of 100 consecutively enrolled study subjects from

one s®idy site. So this was independent of any symptoms.
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Simplylconsecutively enrolled subjects. Of the vaccinees and
placeb@, there were 41 vaccinees and 44 placebo who had viable
cells 3fter the cells were thawed. They were frozen, drawn
two wedks post third dose. And when they were thawed, there
were vbable cells for evaluation in 41 vaccinees and 44
placeb® subjects. The T cell responses were measured to full
length70spA and SKB and OspA peptides, including the peptide 8
which $&hares the homology with LFA-1. HLA typing has so far
been cémpleted on 40 vaccinees but no placebo subjects. So in
a sendd, this work is still in progress and that work on HLA
typindlof the placebos is ongoing I understand.

12 What we know about the vaccinees from this CMI
subsefi3from one study site are that T cell responses to full
length 40spA and OspA peptide 8, that is, the peptide that
contaids the amino acid sequence homologous to LFA-1, were
detectiéd in peripheral blood lymphocytes or PBLs in a subset
of vaddinees. Preliminary data suggests that T cells from
vaccid®es with certain HLA DR alleles had greater reactivity
to fulD length OspA and to OspA peptide 8. T cell responses
to LF291 in vaccinees have not been studied.

21 In this overhead I would like to present some

data BRat I believe Dr. Steere has presented perhaps in a
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graphid@ form. This is in text form. T cell responses to full
length20spA and then in the lower panel to OspA peptide 8. So
in the3upper panel, T cell responses to full length OspA by
prolifdration assay, that is, T cell proliferation, were found
in, asb5I mentioned, a subset, that is, 13 of 41 vaccinees. So
about éne-third of vaccinees had T cells that proliferated in-
vitro o full length OspA. Versus only one out of 44 placebo
subjecBs.

9 Another read-out was gamma Interferon
produdfion in culture supernatant and this was assayed by
ELISAll Here 2 out of 39 vaccinees versus 0 out of 24 placebo
subjed®s were studied. And again, you will note that only 24
placehd subjects have been studied so far. So again that is
work fiHdat I understand is still in progress to study the
remaidder of the placebo subjects.

16 T cell responses in the lower panel to OspA
peptidd 8. Again, the proliferation assay, 9 out of 41
vacciddes produced gamma Interferon in-vitro -- I am sorry, 9
out o0ff941l vaccinees proliferated -- T cells proliferated in-
vitro2fo OspA peptide 8 versus only 2 out of 44 placebo
subje@fis. Gamma Interferon production in the culture

superatant, 2 out of 39 in the vaccinees versus 1 out of 24
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placebd subjects produced gamma Interferon in-vitro.

2 The final overhead that we have is fairly
detaild&d and I will go through it. This is the patient that
Dr. Stdere described to us in some detail. There is one point
at thebend that I think bears mentioning for completeness sake
if no éther reason. That is the subject was a 6l-year-old
woman who is the only vaccinee in the cell mediated immunity
subset 8with high gamma Interferon levels when stimulated with
OspA pé€ptide 8. This subject had HLA typing performed and it
did réveal HLA DR-4 allele, particularly one that is
associdted with so-called rheumatoid arthritis allele. It is
associl@ted with the ability to present the OspA peptide in
questildn. This subject received dose 1 and dose 2 in March
and Ap#dil of 1995 respectively. Arthralgias began one day
after1bhe second dose, specifically pain in the left shoulder,
elbowl6and wrist. It was unresponsive to non-steroidal anti-
inflammatory drugs and steroid injection and persisted for at
least18hree months. Paresthesias also occurred beginning one
week dBter the second dose. Numbness and tingling in the
fourtROand fifth fingers. ©Nerve conduction studies were
normalPland these symptoms eventually resolved in April of

1996, 22hat is, the paresthesias. The patient was evaluated
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for Bofirelia burgdorferi infection and the serology was
negati®?e. The subject did have the third dose in February of
1996 wBile the paresthesias were still present. However, the
patien# had no recurrence of her arthralgias and she had no
worsenbng of her paresthesias.

6 In May of 1997, that is, 15 months after the
third dose of vaccine given in April of 1996 -- in May of
1997, Bhe patient was hospitalized with acute renal failure.
It was9f unknown etiology. It did require dialysis.
Howevédp, then her renal function returned to normal. In
speakilidg with the sponsor, the patient was evaluated for the
etiold@y of her renal failure. To our knowledge, no renal
biopsy3was performed. However, no etiology was determined for
her réddal failure occurring 15 months after her third dose of
vacciidé.

16 Now I would like to continue with the slides.
In coddluding the safety portion of this presentation, we
wouldlBike to emphasize that from Lyme 008, there is limited
safety9data for several specific groups. Number one, subjects
who a2® 15 to 18 years of age. We have seen data on 151 or
152 vadcinees, only 3 of whom were in the solicited adverse

event 22ubset. But otherwise, the safety data base appears
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simila# to vaccinees who are greater than 18 years of age for
unsoli@ited adverse events. Subjects greater than 70 years of
age weBe excluded from Lyme 008, so we don't have data for
safetydor efficacy there from Lyme 008. Subjects with a
historyp of chronic joint or neurologic illness related to Lyme
diseas® or second or third degree AV block or with cardiac
pacemalers were also excluded from the study, and subjects
with a8history of chronic joint disease due to other
etiolo@ies -- while this was not an exclusion criteria, it is
uncledd to what extent such subjects were enrolled in the
studyll

12 I would like to move now to efficacy analysis.
I wonlB dwell excessively in areas that have already been
presedtdled. According-to-protocol analysis versus intention-
to-trddt analysis -- again in according-to-protocol year one
involidéd all subjects starting four weeks post-second dose
throudl month 12, and this was the primary cohort for
analydBs. Year two, all subjects starting immediately post-
dose fBree through month 20. This was the secondary cohort
for aRdlysis.

21 The intention-to-treat involved all subjects

who ré@feived at least one dose of vaccine or placebo, and this
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was thé secondary cohort for analysis. The primary efficacy
endpoit for according-to-protocol, ATP, was definite Lyme
diseas8 category 1 in the first year of the study between four
weeks following the second dose of vaccine and month 12. As
has beén defined, category 1 was definite Lyme disease
requirbng any of these four clinical manifestations, classic
clinicdl manifestations of infection with Borrelia
burgdoBferi, and at least one of the following laboratory
confirMations, that is, either Western blot, PCR, or culture.

10 To emphasize, erythema migrans had to be
physidian diagnosed, photographed, measured with a ruler and
biopsi&€d. The biopsy was split into two and half went for
cultu#t8d for Borrelia burgdorferi and half went for PCR for
Borrel#a burgdorferi.

15 Category 2, possible Lyme disease. There are
really6subjects in only category 2.1 and 2.2. There is no one
in 2.3; so I won't dwell on that. 2.2 is erythema migrans of
at led8t 5 cm in size but in whom the laboratory tests were
perfofled and were negative. In category 2.2, flu-like
illne29 with a Western blot sero conversion to Borrelia
burgd@tferi. Category 3, as mentioned, is laboratory

confip@ed asymptomatic infection with Borrelia burgdorferi and
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here iff involves sero conversion by Western blot IgG on
prepared sera for year one or year two.

3 Inclusion criteria, Jjust to emphasize, is
healthy¢ subjects ages 15 to 70 who are at risk of acquiring
Lyme dbsease because of where they reside or if they had
frequet outdoor activities in high risk Lyme disease endemic
areas.’/

8 Selected exclusion criteria included physician
diagno®ed, chronic joint or neurologic illness related to Lyme
diseadd, current disease associated with joint swelling,
diffudd joint or muscular pain, Lyme disease treated with
antibi@tics within three months and known high degree AV block
or pademaker.

14 This is the efficacy data for year 1. Vaccine
efficddy per according-to-protocol analysis. Here we seen in
the fdp let categories 1, 2, and 3, vaccine versus placebo
vaccidd efficacy, point estimates and 95 percent confidence
interidd#ls. For definite Lyme disease, category 1, 20 cases in
vacciid®es versus 40 in placebo in year one to give a vaccine
effic2€y point estimate of 50 percent with a lower bound in
the 921lpercent confidence interval of 14 percent. Category 2,

there2®as no statistically significant difference between
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vaccinédes and placebo with a vaccine efficacy estimate of 21
percen®. Category 3, asymptomatic sero conversion, two cases
in vac8inees and 12 in placebo. Vaccine efficacy estimate of
83 perdent with a lower bound in the 95 confidence interval of
25 perdent.

6 For year two, again according-to-protocol
analysis, same format. For category 1 definite Lyme disease,
there Were 13 cases in vaccinees versus 61 in placebo,
yieldi®g a vaccine efficacy estimate of 79 percent with a
lower ll0ound of 61 percent. Again for category 2, possible
Lyme disease, there is no statistically significant
diffef@nce. And for category 3, asymptomatic sero conversion,
therelwere no vaccinees and 13 placebo subjects with a point
estimdde of 100 percent vaccine efficacy and a lower bound of
30 pe#bent.

16 The intention-to-treat analysis, as has been
mentidfiled, was very similar to according-to-protocol both for
year d8e and year two. I will show that just briefly on the
next fiwo slides. For category 1, 22 cases in vaccinees and 43
in plafebo. The estimate of vaccine efficacy is 49 percent
with 2llower bound of 15 percent. Very similar to the

accor@®ng-to-protocol analysis.
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1 For year two ITT analysis, again very similar
to acc@rding-to-protocol. So looking just at category 1 for
exampld, 16 cases in vaccinees and 66 in placebo. The point

estima#e is 76 percent with a lower bound of 58 percent.

5 On this slide, we would like to emphasize that
in Lymé 008, vaccine efficacy for category 2.2 -- and again
that 19 asymptomatic Western blot sero conversion -- and

categoBy 3, which is asymptomatic sero conversion, again
requir®ng Western blot sero conversion. So both category 2.2
and cdfegory 3 required Western blot sero conversion.
Categdty 2.2 required flu-like symptoms. Category 3 required
the ali2ence of symptoms.

13 Looking at wvaccinees versus placebo for
categddy 2.2 in year one, again there was no statistically
signifibcant difference for category 2.2 comparing vaccinees
and pl&cebo. The vaccine efficacy point estimate is 20
percedfl. For category 3, as has been shown, there was a
statid®Bically significant difference. 83 percent was the
point1&stimate for vaccine efficacy for category 3. Similarly
in ye&p two for category 2.2, there is no statistically
significant difference between vaccines and placebo. The

point2@stimate was 50 percent. And for category 3,
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symptomatic sero conversion, the point estimate was 100
percen®? with a lower bound of 30 percent.

3 Moving to the final topic now, immunogenicity
subset4results. This involves, as has been mentioned by Dr.
Parentd, the Center 24 vaccinees. This was the immunogenicity
subset 6in Lyme 008. This table is very similar to the one
that D#. Parenti presented already. What you will see is the
time aB which the vaccine was given, the number of subjects,
the gedmetric mean titers of total anti-OspA IgG in ELISA
unitslPer ml, and the final column on the right is the percent
of setd positivity which was defined as at least 20 ELISA
unitsl@er ml. What you will see is that at post-dose 2, that
is, afi3month 2 in the study, the GMT was 1,239 and 99 percent
of vaddinees were sero positive. By pre-dose 3, that is,
month1B2, the GMT had declined by more than one log to 117
with 84 percent of vaccinees now being sero positive. Post-
dose 3,7 which was given at month 12 -- so now one month after
post-d8&se 3, that is, at month 13, the GMTs were now up to
6,0331&d 100 percent of vaccinees were sero positive. And
looki§ out now at month 20, that is, 8 months after the third
dose, 2@MTs had declined to 1,997 and sero positivity rate was

98 perlent.
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1 In this figure which shows on the y axis the
IgG an®i-OspA GMT and on the x axis the month of the study
startildg at month 2 and continuing out to month 21, what are
plotted are the time course of IgG anti-OspA antibody titers
in vacdinees -- again, vaccinated on the Lyme 008 schedule of
0,1, awd 12 months. What you will see are antibody titers for
two cofitrol groups. One, the GMTs for Center 24, abbreviated
C24, ald the 95 percent confidence intervals. That is this
simple8 Center 24 had anti-OspA titers measured at four time
pointd0-- time zero, which is shown here. You can see the
titerdilare approximately 1,200, which is what we saw in the
previdds table. And then at month 12 here, where the titers
are apgroximately 117, as you saw in the previous table. And
then 44 month 13, where the titers have gone up to about
6,00015 And then at month 20, where they have come down to
about1%,000. In-between what you see plotted in the solid
linesldonnected by the solid dots are the GMTs for the
categdBy zero subjects, that is the subjects that were
discud®ed earlier who were evaluated for possible Lyme disease
but w&fe ruled out for Lyme disease, both by physical exam and
by laBdratory test. Of course these category zero subjects

could2gresent at any time during the year, so we have antibody
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titerslthroughout year one and then throughout year two. The
dotted2lines are the 95 percent confidence intervals around
the GMBs here for the category zero subjects.

4 What I would like to emphasize is that in year
one ofb5the study, nearly all cases of acute Lyme disease
occurréd by month 6 -- right here, by month 6 of the study.

In factl, nearly all of them occurred between month 3 and month
6. As8I showed you earlier, essentially in the summer --
June, 3July, August. So what I would like to call your
attentifon to is that at month 6 or by month 6, at which time
all thHé cases of acute Lyme had occurred during year one, the
antibd@y titers, which is the measurement that we have of the
immuné 3response as a whole for the vaccinees, had declined to
this ldvel from where they had started originally. They
contidded to decline, as we know, during the rest of the year
priorlo the third dose at month 12. And it is during this
time, 1dfter month 6 or between month 6 and month 12, when the
antibddy titers continued to decline that there was
esseniPally no cases of acute Lyme disease. And that is most
likelg0Odue to the fact that the tick season, and therefore the
transission of Borrelia burgdorferi season had passed. So we

don't 2Rnow about the effectiveness of the immune response
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represénted here by antibody titers against OspA against acute
infect®on with Borrelia burgdorferi. Because there were no
ticks &nd therefore no risk of transmission of Borrelia
burgdo#feri. The pattern in year two was essentially the
same, But for brevity's sake, I emphasize year one.

6 So with regard to seasonality of vaccination,
there dre several issues that we would ask you to consider.
And ag&in to reiterate, essentially all the cases of category
1 occuBred in the first year by month 6 and the pattern was
simildP in year two. Anti-OspA IgG antibody titer is lowest
betweéd month 7 and month 12, as shown in the previous figure,
when fiBe season for tick transmission of the spirochete,
BorrelBa burgdorferi, is over. The efficacy of the vaccine
givenl#ust before the Borrelia burgdorferi transmission
seasodp as was done in Lyme 008, has been estimated and has
been dlown. However, the efficacy of the vaccine when given
at othAf8r times with respect to this transmission season of
BorrelBa burgdorferi is unknown.

19 Finally I would like to close by emphasizing
again2what Dr. Parenti has presented, and that is that there
are a@ditional studies ongoing. These include longer term

follow2up. Approximately 1,600 vaccinees from Lyme 008 have
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been fdllowed for ran additional 12 months so that they have a
total &@f 36 months after their first vaccination for follow-up
and evd3luation. Persistence of antibody and the effect of a
boosted dose is being evaluated in approximately 350 Lyme 008
vaccinées who were immunized at month 24 after getting three
doses &t time 0, 1, and 12 months. And at month 24, half were
given Vaccine and half were given placebo. So 175 in each
arm. Rlternate schedules of vaccination are being studied,
specifPcally 0, 1, and 6 months is being compared with 0, 1,
and 120months. And 0, 1, 2, and 12 months is being compared
with Q1 1, and 12 months. And finally, the pediatric
populdfion is also being studied. Thank you very much.

13 CHAIRPERSON FERRIERI: Thank you, Dr. Lucey. I
wouldlBike the panel to hold their questions until after
lunchl5 Please jot them down. We will adjourn now unless Mrs.
Cherr¢éhas any announcements. Just one second, please.

17 MS. CHERRY: Just one very minor thing. Is

therel® Dennis Dixon in the group? I have a message for you.

19 CHAIRPERSON FERRIERI: Thank you, Nancy. We
will POconvene then in one hour, approximately 1:55. Thank
you. 21

22 (Whereupon, the meeting was adjourned for lunch
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at 12:33 p.m. to reconvene this same day at 2:00 p.m.)

2
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1 A-F-T-E-R-N-O-O0-N S-E-S-S-I-0O-N

2 2:00 p.m.

3 CHAIRPERSON FERRIERTI: I'd like to call the
afterndon meeting to order. We will start the afternoon
sessiold with the open public hearing. And then as I
indicat®ed, we will be reopening questions for the sponsor and
FDA. Tf you could just be patient a few seconds, Ms. Cherry,
our Ex&cutive Secretary, will open up the public hearing. May
we hav® your attention, please? There is only one show going
on. 10

11 MS. CHERRY: At this time, I have three letters
that 12received. Unless the individuals are in the audience,
I will3read the letters.

14 The first is Anne Hirschberg from Cleveland,
Ohio. 15This is the letter I received dated May 9. "Here is my
opinidw and commentary on the proposed vaccines for Lyme
diseadd being discussed at the May 26-27 meeting of the FDA
Vaccidds and Related Biological Products Advisory Committee.
Thanklgou for allowing my input on this matter. Until there
is an20nfallible test for Lyme disease proving that the person
getti2d the vaccine does not already have the disease, it is

too d@Rgerous to give a Lyme disease vaccine to anyone. The
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effectd of a vaccine on those already infected has not been
discus2ed. I am also concerned that the vaccine would mask
the eaBly symptoms and lead to sero negative and chronic cases
of Lymd disease. Until there is a vaccine which covers all
the stbains of the organism and all the protein coatings of
same, &nd which is proven effective and safe for all ages, I
will ndt take the vaccine. Since Lyme disease is not known to
be conBagious, it would be very difficult to require this
hypoth&tical perfect vaccine for children entering school. I
belietd® the option for vaccination would have to be between
the pdfiient and the doctor or between the parent and the
docto#t2in the case of children. The corporate decision as to
whethéfB workers should have a vaccination for Lyme disease
wouldlHave to be worked out between employer and employees. I
fear filhe Lyme disease vaccine would lull people into believing
that flkey are protected against all tick-borne disease when
they dfe concurrently at risk for such diseases as human
granul@cytic Ehrlichiosis, Babesiosis, and Rocky Mountain
Feverl9which may be passed on by the same ticks that carry
Lyme @0sease. In my opinion, we do not know how hyperendemic
some &fteas are because the disease is under-diagnosed and

under2Peported presently. Since the vector can be carried in
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any aréda by a migrating bird or a wandering mouse or deer, the
scope &f those at risk is more widely spread than has been
theorizZed. Until we have a reliable test for the disease,
vaccindtion is too dangerous. Thank you. Anne Hirschbergq,
Cleveldnd, Ohio."

6 The second letter was from Carole Osborne of
West Ldke, Ohio. 1Is Carole Osborne here? Okay. "Dear Sirs,
I woul@ like to offer my opinion and concern regarding the
Lyme v&ccine. What happens to the already infected person
that méy not know they have Lyme? Two, there are no perfect
Lyme fidsts. No one would know for sure if they have been
exposd@. Three, the vaccine was tested only for a few of the
Lyme 48rains, what about the others? Four, I am afraid it
will 1411 people into being careless outdoors. Five, what
will file requirements be by schools and corporations in the
epidebc area? Six, will boosters be required? Will people
actuallly follow-up? Seven, what about all the other tick-
bornel@iseases? I am very fearful of this vaccine and do not
feel éRough research has been done. I am also very concerned

of th&0Odoctors involved in the drug study. Thank you for your

atten®ilon of my concerns. Carole Osborne, West Lake, Ohio."
22 The third letter was from Ed Lewis of Garrison,
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New Yo#k. Ed Lewis, are you here? Okay. This is to Ms.
Nancy Cherry. Subject line is Vaccine. From the "Silent
MajoriBy." "I received the SmithKline Lyme vaccine along with
thousadds of others. All volunteers who I encountered
sufferéd no problems. I am glad that I volunteered even though
I haveoread the doom and gloom Internet stories of the
possible failure of the vaccine. The Web people are likely
sendin@ you thousands of messages telling you not to approve
the vad®cine since the Web nuts are advertising to stop the
vaccid®. Most of their gripes are about MD's not detecting
Lyme ddrly enough to treat it before it caused apparent
irrevé®sible problems. We volunteers were not a bunch of
ignordldt street people. I am an electrical engineer who
retirédd from Consumer Reports testing labs. We were trained
to cribicize after examining the facts without letting
precodéeived thoughts interfere. All of the other volunteers
who Ilflet seemed to be very intelligent people. I suggest
that ¥8u approve a one million person Lyme vaccine test.
There 1l®&re enough of us to accept the possible dangers because
of th&Ohorrible results of acquiring Lyme disease and not
being2dured early. I bet that if you asked the majority of

peopl@2with Lyme disease who were late in detection of Lyme
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and hate developed horrible Lyme disease symptoms that they
would Rave tried the vaccine if these long-term Lyme sufferers
could Burn back the clocks to before they were infected.
These dufferers would elect to take the chance of receiving
the vadcine. Please do not let the crowd stop the progress
that h#&s already been achieved. Warn the one million
voluntders that there might be problems. You will easily get
a millBon volunteers. The polio vaccine had its problems and
there &re many theories among scientists who would have
prevedted polio vaccine and many other vaccines from being
releadédd if they could have stopped these obviously good
vaccid@s. Sincerely, Ed Lewis."

13 Is there anyone else in the audience that would
like #d make a statement? If not, we will proceed with the
meetidd.

16 CHAIRPERSON FERRIERI: Thank you very much, Ms.
Cherry¢7 We are grateful for letters of this kind and they are
real létters in case any of you had any doubt.

19 MS. CHERRY: Yes, they are.

20 CHAIRPERSON FERRIERT: I have absolute
confi@dnce that CBER/FDA would not ever fabricate letters. 1In

their2w®ay, these letters raise wonderful points that are
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highlylsophisticated actually.

2 What we will do now is to pursue the questions
that dBd not get a chance before lunch. I would like the
sponsoés and FDA to be prepared to respond and to be a
succindét as possible. Dr. Edwards, you are first on my list
if youbstill have a question. And if you could indicate to
whom ydu want this addressed.

8 DR. EDWARDS: There was a slide that discussed
data tRat had been compiled in 5 to 15-year-old children. It
said filat the study was completed. And I wondered if there
couldlle some discussion of the serology, immunogenicity, and

safety20f that completed trial.

13 CHAIRPERSON FERRIERI: While this is taking
placel4-

15 DR. PIETRUSKO: Dr. Parenti will answer that
questieén.

17 CHATIRPERSON FERRIERT: Thank you. The

follouBng people might get their questions ready. Clements-
Mann, 1Br. Hall, Dr. Kohl, Dr. Daum. And then I will ask Dr.

FlemiR§ to restate a question that we have some data

avail&iile. Dr. Parenti?
22 DR. PARENTI: This was a trial of 250 children
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age 5 flo 15 that received vaccination on a 0, 1, 2 schedule.
Half o2 the subjects received 30 mcg and half of the subjects
receiv&d 15 mcg. And just as a form of summary data, there
was nodincrease in incidence with subsequent injection of any
adversé event over the three doses that they received. The
only rélated unsolicited adverse events were again local
injection site reactions. There were no related SAE's and
there Were no hypersensitivity reactions. The vaccine was
very w&ll tolerated by these children.

10 I should mention -- I don't have the specific

GMTs, liut the children had a much better immune response than

adultdadid.

13 CHAIRPERSON FERRIERI: Thank you. Dr. Clements
-- yed?2

15 DR. ELKINS: It bears mentioning that the study

just #éferred to was a non-IND study done in the Czech
Republic and not a US IND study.

18 CHAIRPERSON FERRIERI: Thanks, Dr. Elkins. Dr.
Mary IL&u Clements-Mann?

20 DR. CLEMENTS-MANN: Yes. I was wondering since
the effiicacy study included people up to 70 years of age, I

was w@ldering if you had any -- I am not aware of the
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immunodenicity data in say people over the age of 60 or even

50, bu® is there an age-related immune response?

3 DR. PIETRUSKO: Dr. Parenti will answer that
questidn. I believe he has an overhead on that one also.
5 CHAIRPERSON FERRIERI: We appreciate your being

so welb-prepared.

7 DR. CLEMENTS-MANN: Could I just ask while we
are waBting for that. In the people that turned out to be
break-through cases who had lower levels of antibody, was
thereldny indication that they were in an older age group, as
an exdriple, that might not have responded as well?

12 DR. PIETRUSKO: He also will address that.

13 DR. PARENTI: This is an overhead. I don't
know Adw well you can see the numbers, but I will walk you
throudh this. We did look at GMT's by age and we looked at it
by ded&de. Let me tell you the bottom line here. The bottom
line 18 that statistically there is no evidence of decreased
immuné 8response by age. So here we have 15 to 30-year-olds
and thén by decade. As expected, numerically the numbers are
sligh®2Dy lower in the older group. But statistically, if you
apply2dtatistical analyses across the board, there is no

statig®ical evidence of decreasing titer with age. And again,
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that gdes for each of the four time points that we looked at.
2 And I am sorry, your second question?
3 DR. CLEMENTS-MANN: My second question is about
the brdak-through cases, whether they were of any particular
age grdup. I think initially you said there was no difference

by agep but did they cluster more in an older age group-?

7 DR. PARENTI: Statistically there was no
differénce by age. During year one, the subjects who were
over 60, for example, were the same in both groups. In year

two, HAlwever, we did notice that there were more subjects in
the 631to 70-year-old age group in year two who had broken
throudglk. We initially looked at that because we thought that
thereliBight be this kind of as-expected immune response in
older ldeople that you see with vaccine. But we didn't see it
in yedbd one, where interestingly you might actually have
though® that you would see it because people generally have
lowerlfiters. But we did see it in year two. We subsequently
looked8at those -- I believe it is six people who are over the
age ofi965 who were vaccine failures, and it turns out that
four @@t of the six essentially were non-responders right from
the fP#st two doses and had minimal if any response to the

third2@ose. The other two had I think lower than average
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responde to the first two doses. So that group as a whole
appeared to be non-responders, but they don't appear to be
represé&ntative of the elderly as a whole. They don't appear
to be depresentative of the 65-year-olds. Because even over
here abter two doses, 98 percent of the subjects in the 60 to

70-yeab-old group were responders.

7 CHAIRPERSON FERRIERI: We have a burning
corolld&ry to this. Dr. Broome?
9 DR. BROOME: Yes, just a clarification. You

said filere was no statistically significant difference by age,
but did you look at the hypothesis that Mary Lou is proposing
that fiRose over 60 had a poorer response as one might
biolodBcally postulate?

14 DR. PARENTI: Again, I can tell you how the
statidbticians approached it. Perhaps one of them can give me

some HA&élp right now. Dr. Sennewald?

17 DR. SENNEWALD: Can you please repeat the
questildén?
19 DR. BROOME: The question is if you look at the

group2@ver 60 compared to under 60, is there a statistically
significant difference in the post -- the two-month blood or -

- the28wo month blood?
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1 DR. SENNEWALD: No.

2 CHAIRPERSON FERRIERI: Excuse me, would you
give y8ur name and origin?

4 DR. SENNEWALD: Dr. Sennewald from Kendall GMI
in Munbdbch. The confidence intervals are overlapping, so there
is no $tatistically significant difference between the --

7 DR. FLEMING: I mean, the confidence intervals
could Be overlapping and it still could be statistically
signifPcantly different. Were you doing any kind of a trend
analyidfs by age?

11 DR. SENNEWALD: We did a correlation analysis
by agé2and we had correlation coefficients from about 0.1,
whichlw@ere almost not statistically different. The P values
were d¥most about 5 percent. It was just for -- I think that
is --1bfor LA-2, we had at month two a statistically
signifitcant trend in age, but not in any other group.

17 DR. PARENTI: And that was at one time point
only, 18f I recall.

19 DR. SENNEWALD: Yes, only at one time point.
And ag&0I said, the correlation coefficient was 0.1.

21 CHAIRPERSON FERRIERI: What is your reaction to

that, 20r. Fleming?
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1 DR. FLEMING: Well, looking at the data, it is
obviougly difficult to figure in the variability. There will
be obvBously with these GMTs a lot of variability.

4 DR. SENNEWALD: Yes.

5 DR. FLEMING: So I always have to caution that
commen® because I can't see the variability in the slides.
But thdre certainly is a real pattern here that I would have
anticiBated would have shown up statistically. Where, as
Claire9says, particularly when you note the 60 to 70. But
even ffiroughout there definitely does seem to be a pattern in
the GMT's that seems age-related. So I am a little surprised,
but IlRave to say I can't see the variability in your data,
whichl8ould be clouding the significance.

14 CHAIRPERSON FERRIERI: Thank you. We will move
aheadl5 Dr. Hall, do you still have a question?

16 DR. HALL: Yes. 1If I may ask Dr. Steere,
pleasé’7 I am Caroline Hall. If I may ask Dr. Steere, am I
underdBanding that a possible explanation for conundrum
betweé® the vaccine efficacy difference in category 2 and
categ@fy 3 could be Ehrlichia infection? And if so, how does
that @#plain the difference in category 2.17

22 DR. STEERE: Well, I think the explanation is
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differdnt. Category 2.1 was physician-diagnosed erythema
migran® without laboratory confirmation.

3 DR. HALL: Excuse me. Does that mean that they
took tHe lab test but it was not confirmed?

5 DR. STEERE: Yes, and they were all negative.

6 DR. HALL: That doesn't mean nothing was known either
way? 7

8 DR. STEERE: No. It means the former. The
laboratory tests were done and they were all negative.

10 DR. HALL: Oh, okay.

11 DR. STEERE: So the physician set I think is
erythd®a migrans. The laboratory test said negative. I think
that fiBe explanation for that is that erythema migrans often
has thAd characteristic clinical appearance, but not always.
And tHhérefore there is the potential for misdiagnosis of that
skin lésion without laboratory data. And that would be my
explaiddtion.

18 With category 2.2, which was flu-like illness
with 4&ro conversion, yes I think that the Ehrlichia,
parti@@larly the Ehrlichia infection, was the confounding
variaBBle. The same tick may transmit both Ehrlichia and

Borrel?a burgdorferi, and for the moment let me stay with Jjust
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those fiwo infectious agents. And that they both may cause
flu-1iRe symptoms. And we also know that Ehrlichia infection
alone Gan give one a false positive Western blot for Lyme
diseasd. We determined Ehrlichia titers as well in that group
of people as well as looked at PCR results of blood, and
anyone 6who had evidence of co-infection, we excluded and did a
subgroUp analysis where they only had evidence of flu-like
symptom8s and Borrelia burgdorferi infection. In that group in
year two, vaccine efficacy was just as good as it was for
definife cases.

11 DR. HALL: Thank you.

12 CHAIRPERSON FERRIERI: Dr. Steere, I would like
to pu#tSue that point. You indicated that you had data for
EhrlidHdia and Babesia, and I wondered if you had that data for
categdby 3 to explain -- the subquestion of this is that there
is infiérmation to support the IgM reactions in people who may
be simdltaneously or who may be infected with Ehrlichia. But
you stfd&ted that IgG may be positive for Borrelia burgdorferi
as welb?

20 DR. STEERE: I think it can be, though it is
not aflclear. And if you ask me what bands you may see in

both 22fections, I couldn't answer the question. We have --
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but inlanswer to your question, we have not done yet the

simila? study in asymptomatic infection.

3 CHAIRPERSON FERRIERI: Okay. Fine.

4 DR. PIETRUSKO: Do you have some additional
inform&tion?

6 CHAIRPERSON FERRIERI: We would like to see

that ddta that you have.
8 DR. PIETRUSKO: Dr. Parenti can give you that.
9 CHAIRPERSON FERRIERI: Yes, thank you. This is

on Eh#tDichia.

11 DR. PARENTI: Just to take one step back to
remind2you of the numbers. In year one, we had 12 versus 15
caseslBor flu-like illness. In year two, there were 9 versus
18. Jddst to show you the -- since this group had to have

Weste#h blot sero conversion, I just want to review these
numbe#$ with you as well. In year one, again you can see the
predominance of IgM sero conversion. And in year two again,
most &8 the cases are predominantly IgM. We were also
interé8ted in these particular results, and initially we noted
obvio®fly that there was lower efficacy for this category than
definPfie Lyme disease, and we noted this predominance of IgM.

After2fhe study was done, we also were made aware of the
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resultd of blood PCRs that had been sent out to the Mayo
clinic2and became aware that we had 7 positive blood PCRs. At
about Bhe same time, we became aware of published reports in
the li#erature suggesting that Ehrlichia may induce a false
positive IgM.

6 So what we did was we took the baseline acute
and cofflvalescent sera on all subjects who had been evaluated
for su$pect flu-like illness, not just those that were cases.
And we 9went back and looked at all the subjects who were
considdred definite Lyme disease based on their IgM's alone --
that fHat is the only way they got into the definite category.
We sedf that sera in blinded fashion to Dr. Persing out at
Mayo QBinic and asked him to assay for Ehrlichia, Babesia, and
also fidr Lyme disease. Dr. Persing has an IFA assay that he
uses fédr diagnosing Lyme disease after an immuno-absorbent.

He cldfmed that he could get around this particular issue, so
we askdd him to pursue that. These are the results. First,
the pd8ple who were considered definite Lyme disease had no
evided®e of Ehrlichia. So we felt comfortable that the
defin®fe cases were still definite cases. When we looked at
the fli-like illness, there were 8 people who had positive HGE

titer22-- I am sorry, 8 positive sero conversions for
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EhrlichAia. They had new onset of Ehrlichia titers, either at
their Zcute or convalescent sera. Two of those were in the
first Pear. And as you can see, they were both in the placebo
group. 4 Interestingly, both of them still had positive IgM's
for Lyme disease. So we concluded that these people were co-
infectéd. They had Ehrlichia and they had Lyme disease. And
there were no vaccinees who had Ehrlichia in the first year.

8 In the second year, there were six subjects who
had po®itive titers for Ehrlichia -- two in the placebo group
and fd@r in the wvaccine group. Now of the two that were in
the pldcebo group, one of them still had a positive test for
Lyme dPsease. So one of them looked like they were co-
infeci&d. The other person looks as if they have a false
positide induced by Ehrlichia. When we get down to the
vaccidées, there were four vaccinees, none of whom had a
positive IgM for Lyme disease. Now we would propose that
thoseldre false positive Lyme Western blots induced by
EhrlidlBia. If you subtract these four cases and this one case
here fiBom the original numbers that I had shown you for the
numbe?200f cases in year two, then the vaccine efficacy for
flu-12ke illness in the second year is approximately 70

percen®.
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1 CHAIRPERSON FERRIERI: Regarding this data, I
think fhere is someone who had a question. Dr. Snider?

3 DR. SNIDER: Well, it seems to get a little
more cdnfusing to me as we go along. But related to this case
definibion, I guess what I am hearing is that the possibles
may not be actually Lyme disease. But if I look from year one
to yea? two at the placebo group, I see that the number of
definiBe cases went up from 40 to 61, which could mean there
was moPe exposure in the placebo group the second year. If I
look 4 the possibles, that is 24 and 24, which kind of goes
alongldith a non-specific diagnosis. But then I am somewhat
confoirded by the fact that asymptomatic sero conversion
remaid8&d the same from year one to year two -- basically the
same, 182 and 13. And somehow I would have expected more
asympfidmatic sero conversions. In fact, approximately 50
percedt more. And I don't know how to interpret this unless
therelis also something about the serologies that is strange.
But thA& specificity seems to be borne out by the decrease in
numbef 90f asymptomatic sero conversions in the vaccine group.
Does zflybody have any -- does the sponsor have any explanation
for tRi1s phenomena?

22 DR. PARENTI: There are a couple of thoughts
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there.1l Number one, the CDC data suggested that in 1996, I
guess the second year of this study, the rates of Lyme disease
were d8finitely increased compared to 1995. So when we saw
the indreased number of cases from year one to year two, it
was prétty much in line with the CDC. I agree with you that
the ye#®r two data don't go along with that. And again, what
it is &xactly that we are capturing in those possible Lyme
diseasd& and what some of these IgM only flu-like illnesses
are, adain we are not 100 percent sure.

10 As far as the asymptomatic sero conversions are
conceftied, there were a couple of additional asymptomatic sero
conve#t®ions in the placebo group. So I believe if you look at
the idBention to treat analysis, the number of cases of
asympfidmatic sero conversions does go up in the placebo group.

15 CHAIRPERSON FERRIERI: While you are gathering
that d#ta, I wonder if one of you might respond to criticism
that 49me people levy at the commercial Western blot kits and
pre-immBobilized blots. You used a standardized protocol so
that 4Pl sera, I gather, were run in the same laboratory using
the safle technique with the same -- was it a commercial
produ@ft that you were using?

22 DR. STEERE: Yes. The Western blot kit that
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was uséd was manufactured by Mardex. And all tests were run
in theZ2same laboratory. I would also say again that sero
conver8ion was required to document sero positivity, a
negatide and then a positive. And those tests had to be run
togethér at the same time.

6 CHAIRPERSON FERRIERI: Thank you. That is a
very important point. Back to Dr. Parenti?

8 DR. PARENTI: Yes. The numbers are not as —--

the numbers in the placebo group in year one, we had 15

asympfifmatic sero converters. The number goes up to 17. So
there ldere two additional -- no, I am sorry. They go from --
this 12 year one. So this is -- so there is a slight increase

in asym@ptomatic sero conversion as well.

14 CHAIRPERSON FERRIERI: Dr. Kohl had a question,
if weldould pursue that.

16 DR. KOHL: Well, it is sort of a follow-up of
Dr. Kd#zon's question and Dr. Dattwyler's question. We have
been, 18 think, dancing around the point a little bit. We have
been dKown data that the patients or the volunteers who got
Lyme @0sease after being vaccinated, at least on a general
curveplhad a lower serological response after the second dose.

We ha®& also been shown data that there are some outliers who
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have aldisparity between the different types of antibody that
you have tested. And I guess the basic question I would like
you to3answer is is there a protective level of either of
these dntibodies that we can hang a hat on, and then will that
help u$ predict how often we will need to boost these
individuals?

7 DR. PIETRUSKO: I would like to have Dr. Frank
RockhoBd come up to the speaker and answer that.

9 DR. ROCKHOLD: Frank Rockhold, SmithKline.
That 19 something we are working on at the moment. We have
certaidly been able to show that the month two titer levels
are p#@dictive of efficacy. We are evaluating by a number of
modeld3 We are just trying to establish the level that you
are sddking. Those data are currently under review by the
FDA. 15

16 CHAIRPERSON FERRIERI: Thank you. It wasn't
the pldn today to review such data which apparently are still
under l1&discussion. So we won't have that benefit. Dr. Daum?

19 DR. DAUM: Thank you. My question is a variant

on soml@® of the other issues that have been touched on, but I

would2like to make sure that I understand it correctly. It
has a@fually got three sort of interwoven parts. The first
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one islas I understand everything that is being said so far,
it is the belief of the company that it is antibody to OspA
that pBotects you. And that the CMI may play some role
perhapd4 in pathogenesis of an unwanted outcome of infection,
but it5is antibody that protects you. So if you don't have
antibody, you are not protected. If you have antibody of some
undefifded certain level, you are. So question one is I would
like tB®at just clarified for sure.

9 Then question two relates to how this antibody
worksl1lfo protect you. I am Jjust having a little trouble
sortidd things out in my mind. The tick bites you. It has
got ofganisms in the mid gut that are expressing OspA. It has
got of@anisms in the salivary gland that presumably are not,
from WHat we have heard this morning. So it is this antibody
whichlthen leaves the human and goes to the tick and then
prettygoéquickly, I would imagine, kills all the organisms in
the mid gut. It probably doesn't do anything to the organisms
in thé8salivary gland. And it therefore protects you against
Lyme dPsease. I would like a comment as to whether that is a
corref view of what you think happens.

21 And then the final question is I am struck by

the f22t that the antibody curves, which are logarithmic in
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the y dxis, actually are quite steep in terms of their runoff.
So if 2t is correct that no antibody no protection, then while
it was3touted that at 24 months you end up with antibody
simila®d to that which you ended up post-dose two, it is also
true that 12 months earlier you had four or five times that
amount 6of antibody, at least as judged by the geometric means,
which ddmittedly don't give a feeling of the spread of the
data. 8So it doesn't take long before you figure out that if
all of9%hese things I have said are correct -- and again I
wouldlDike comment -- that you are going to need a lot of
boosté#ts here. Because it doesn't look like a lot of boosting
is goldRg on in nature as best you can judge by these geometric
means lwithout the feeling for the spread of the data. So I
will d#op there, but I would really like to hear comment on
those lbhree things.

16 DR. PIETRUSKO: Okay. I think the first
questildn was concerning about the antibody, and I will have
Dr. LdBet talk about that and the mechanism of action. And
for yd8@r third point, I can address that part after that in

the s&duence.

21 DR. DAUM: Thank you.
22 DR. LOBET: Could you prepare the last slides
NEAL R. GROSS 175

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



of my presentation, please? Now to answer your first
questi@n, indeed we expect that the antibodies will do the
job. We do not expect CMI to do it -- I mean the transferral
cells, 4somehow, to do the job. It has been shown in
preclidical studies very early on that if you transfer
antibodies, you can protect mice against change, while if you
transfdr cells, you will not.

8 Now regarding your second question on the
mechan®sm of the protection by itself. At the time the tick
feeds1ldn the mammal, Borrelia burgdorferi is present in the
mid gdfi. It is not present in the salivary glands. When it
begind2to feed there, it receives -- if you have no anti-OspA
antibddies, it receives a signal from the blood. We don't
know fide origin or what is the nature of this signal. In this
signalp we induce two things. The first is OspA will not be
expred$ed any more by Borrelia burgdorferi. And the second
thinglis Borrelia burgdorferi will migrate from the mid gut to
the sdBivary gland. So when you have anti-OspA antibodies,
somehd®w it is too late for Borrelia burgdorferi to escape to
the s&Divary glands because they have already been in contact
with PHe anti-OspA antibodies. Does that answer your

questé@n?
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1 DR. DAUM: Yes, it seems awfully quick. It has
a litt2e bit of a mushy feeling to it in that if they turn
their 3nti-OspA off as quickly as you imply, then the antibody
must also be acting more quickly than the bugs can. It is an
awfullyp fast mechanism.

6 DR. LOBET: When I say -- well, I agree with
you fo# the expression of OspA. That doesn't mean that OspA is

remove® from the surface of the bacteria.

9 DR. DAUM: I see. Okay.
10 CHAIRPERSON FERRIERI: As part of Dr. Daum's
questildn, and please don't laugh -- have you done fine

dissed®ions then of the tick so that we know that the anatomy
that ¥8u have exposed here is correct and that there is
nothidd then in the salivary glands?

15 DR. LOBET: Could you repeat that?

16 CHAIRPERSON FERRIERI: Yes. Have you dissected
a tick7so you know that there are no bugs in the salivary
glanddiB

19 DR. LOBET: We have not done this, but some
groupf0have done this. And to show not only that Borrelia
burgd@#feri is present in the mid gut and not in the salivary

gland2p but also to show that OspA is indeed expressed in the
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mid guft and not in the salivary glands.

2 CHAIRPERSON FERRIERI: Yes, please, Dr. Karzon.

3 DR. KARZON: Well, I am prompted at this point
to bridg up the question of neutralizing antibody. Amongst
virologists, anyway, that is our golden path. This tick
experiment is the closest thing to a neutralizing test that I
have hdard about today. But one could design a neutralizing
antibody because you have a very nice mouse model I gather,

and yo® could give passive antibody to the mouse that protect

the maddse.
11 DR. LOBET: Yes, absolutely.
12 DR. KARZON: Okay. And with that model, it

seems 180 me, you could do a titration of neutralizing antibody
and cdMpare that to the two binding titers that you now
measu#é in-vitro to see whether they parallel. Even if they
did, %éu wouldn't be certain of carrying over the biological
functildn when you measure something by a simple attachment
test 18 the serum. Our concern about the nature of the
antibdd@y and its protective level with certainty I think is
real.20Now it is not anybody's fault. This is the state of
the a2 is what I am saying. But I wonder if we can go from

here w2th the data we have. We have lots of sera. And do
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enoughlwork of a neutralization type to clear up some issues

such a& crossing with other antigens, which would cause

confus3Bon.

4 DR. LOBET: Could you repeat the end of your
questidn?

6 DR. KARZON: The point I was just trying to

make i§ that Ehrlichia antibody, for example, as measured in
the tes8t now, would this also be discerned in the
neutraPization test or can they be distinguished?

10 DR. LOBET: Against Borrelia burgdorferi?

11 DR. KARZON: I am looking for functional
behavidr of the antibody.

13 DR. LOBET: Okay. The LA-2 antibody, as was
mentidded already several times here, is what you call a
functildnal antibody because we know it is a bactericidal
antibddy, and also we know that if we transfer it to mice, we
can p#dtect those mice against subsequent challenge. So it
shows18hat at least in most cases you have a good correlation
betweé® total IgG, anti-OspA, and the LA-2 titer, indicating
that ¢6u have a good -- in most of the people, we have a good
relat®dnship between the two, total IgG and functional

antib@&@y. That is one thing. Now on the other side, the LA-2
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antibody is only probably one of the epitopes that could be
useful?2 You cannot exclude that other epitopes could be
useful 3as well either to kill or to block the transmission.
So I wduld see the LA-2 measurement as a minimal measurement
of thebquality of the antibody and not as a perfect
measurément of the quality. So even if you have a low LA-2
antibody, you can exclude that you have other epitopes that
are re@ognized by other antibodies that may work as well.

9 Now on defining the levels of antibody that is
requi#®d, as has been mentioned earlier, this is under
discuddion right now with the FDA.

12 CHAIRPERSON FERRIERI: We still need to address
Dr. Dddm's third question, then. Bob, would you like to
repeafi4it? The one on the antibody curves, the log scales,
and pdssible need for multiple boosts.

16 DR. PIETRUSKO: Yes. And I think your point is
well idken. We are currently pursuing that. We are looking
at thd8information we have from 008. We are looking to define
the cdfrelative protection by various models, and we are
looki§ also at differing dosing regimens to further answer
that Gidestion. I think it is very appropriate. We don't have

the aR2wers now, but we are certainly looking at those.
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1 DR. DAUM: But what is it exactly that you are
pursuilg. Because the data that runs off are pretty clear
from tBe data you presented. So the question is only how
often #o maintain it. Or are there other issues that I didn't
undersband?

6 DR. PIETRUSKO: We are currently responding to
varioud questions and we are working closely with the agency
to actBally come to a final determination of that particular
inform&ion. We are looking at that.

10 CHAIRPERSON FERRIERI: Dr. Greenberg?

11 DR. GREENBERG: One of the theoretical
questil@ns was whether this vaccination could alter the course
of wild type disease, and you said it didn't change the
duratidn of EM. Did you look at your photographs and see
whethébd it actually changed the look of EM? I assume since
that 16 the diagnostic criteria most of the time, did it make
more Bdll's eyes or less bull's eyes or however clinicians
usually diagnosis this? Did it change the phenotype of the

skin 1&sion?

20 DR. PIETRUSKO: Dr. Parenti will answer the
questdn.
22 DR. PARENTI: After the study was done and
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unblinded, I gave a series of photos to several investigators
to see2if they could tell vaccinees versus placebo, and they
could Bot. We also went through a list with a couple of
invest#gators of what they thought were some of the more
atypicdl EMs. And Dr. Sikand had showed you a couple of those
today. 6 Again, the number of "atypical" ones that some of the
investigators thought that weren't typical bull's eye were
pretty8much split between the two groups. So just looking at

the ph&tos, no, you couldn't tell the difference between the

two. 10

11 CHAIRPERSON FERRIERI: Dr. Snider?

12 DR. SNIDER: I just want to make sure I
underdBand correctly. I believe some studies were done in

mice dding human anti-outer surface protein A antibody for
passit® immunity. I was wondering if there have been no
studié$ looking at what amount or what titer of antibody is

requi#dd to sterilize the tick.

18 DR. PIETRUSKO: Dr. Lobet will present that
inform&tion.
20 CHAIRPERSON FERRIERI: Good question.
21 DR. LOBET: Those experiments have been
condué®ed indeed, and even with sera coming from Lyme 008. I
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don't femember the titer by itself. It is clear that you can
kill B&@rrelia burgdorferi and clear the Borrelia burgdorferi
from tBe ticks. That is something that has been done in a
very small number of animals because of technical
difficwlties. And that is the reason why I don't remember the
titer én this. ©Now it is difficult to define the real titer
on that’ basis because we don't know what is the behavior of
the humflan serum in the mouse. So even if you had -- I mean,
if T rémembered the specific titer, I am not sure this would
be --10t would be only vaguely indicative of what could happen
in thé&lhuman itself.

12 DR. SNIDER: But do you have or remember a
ballpdsk figure? I think it would be interesting information
to hatd. If we knew what amount or what titer in mice would

sterilbze ticks.

16 DR. LOBET: Frankly, no. If you want a range,
I would say between .5 and 3. I cannot be --
18 CHAIRPERSON FERRIERI: Could you please repeat

those l®umbers then?

20 DR. LOBET: Between .5 and 3 micrograms.
21 CHAIRPERSON FERRIERI: Between .5 and 3
microgPams.
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1 DR. LOBET: But it must be verified.

2 DR. PIETRUSKO: Dr. Parenti, did you have some
other Bnformation? It has been confirmed.

4 CHAIRPERSON FERRIERI: Do you have something
else that you were going to add to that? Otherwise, I will
move. 6I haven't forgotten those of you who have had your hand
up. BUt Tom Fleming, could you repeat the question that led
Dr. Pi&trusko to pull out some other data, if you can remember
it? O® Dr. Pietrusko, you know what the data is. Go ahead,
Tom. 10

11 DR. FLEMING: I think, Patricia, was it the
issuelRelating to the arthritis/arthralgias and tendinitis?
We had3107 in year one and then 304 in years one and two
presedtdled to the data safety monitoring board where the board
had iddicated that there was --

16 DR. PIETRUSKO: That is the question. We have
that dfdformation for you now.

18 DR. FLEMING: Okay. I have a related question
to thd®, but do you want to go first with the answer?

20 DR. PIETRUSKO: Sure. We will show the
infor®dtion first. The question was whether it was balanced

by pla&ebo versus any groups.
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1 DR. PARENTI: Dr. Steere had evaluated these
subjec®s, and he had categorized this 107 subjects into the
followBng category. Patients who had arthritis or tendinitis
was ond category. Patients in whom no physical exam was done.
Patien®ts with an alternative diagnosis for their joint
symptom. And patients who had alternative diagnoses of
osteoafthritis, overuse, fibromyalgia, et cetera. And I
should8point out here that there were 107 subjects in this
analys®Ps and this adds up to 102. There were three subjects
for wiém Dr. Halsey was not able to get the A/B envelope in
time, 1ldnd there were two subjects who were in this category
but hd& been diagnosed as being a case of Lyme disease. So
Dr. HdBsey did not unblind those two. So that explains the
102 vé#sus 107. As you can see, in each of these categories
they dbe virtually evenly split between the two groups.

16 CHAIRPERSON FERRIERI: Please, Tom, go ahead.

17 DR. FLEMING: Just in terms of interpreting
theseld@ata, which is the categorization of people with joint
symptdmls within one month, is it fair to interpret that these
are p2édominantly what I might refer to as sub-elements of
early2disseminated infection as opposed to specifically

treat®@nt related late Lyme arthritis? Or another way of
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statind this is do these data provide us any way of addressing
whethe? or not an unintended adverse effect of a vaccine in
influeBdcing OspA and HLFA might have an adverse effect on
pathogdnesis of treatment resistant late Lyme arthritis? And
again belated to this is a 20-month study really adequate to
assess 6whether we have an unintended adverse effect on late
diseasd, chronic arthritis or neurologic abnormalities?

8 DR. PARENTI: Well, this indicates that again
these Were very early in the course. This is after two doses.
So, addin, prospectively we were looking at this issue. We
knew 18 was an issue. Obviously, this doesn't totally address
the gi&stion. But we have looked at it after two doses and we
have 18oked at it at the end of the study. We have looked at
it wifiHd this additional CMI data that has been generated. We
have l&oked at it with 24-month data. And again, I think both
the spénsor and the DSMB have concluded that we have no data
to suddest that we are inducing a syndrome analogous to late
resisfid&nt Lyme disease.

19 DR. FLEMING: But essentially we do have data
and my0interpretation is that these data are showing no
assoc®dtion relative to sub-elements of what would be early

disse®®nated infection, i.e., we can't glean from these data a

NEAL R. GROSS 186
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



concludion that in fact there isn't a potentially unintended
advers@ effect on this late treatment resistant Lyme
arthriBis.

4 DR. PARENTI: I am sorry, you keep saying this
sub-elément of.

6 DR. FLEMING: Well, when we talk about early
disseminated infection, we are actually in that talking about
elemenBs that go beyond joint symptoms. We are talking about
skin, Reart, liver, et cetera. And what I am saying is these
data dfe one element of early disseminated infection. So I
see afdlanswer here that is reassuring, and that answer is that
therel®s not a vaccine-induced adverse effect on joint
symptdms within a month. My question is -- my understanding
is a mdch more global and a much more serious concern which
relatésd to whether or not there could be an adverse effect on
pathodénesis by affecting OspA and LFA's that would influence
treatmédnt resistant late Lyme arthritis, and I a just trying
to geti8at the point that these data really don't address that

conce#®. Is that a fair conclusion?

20 DR. PARENTI: The data that I just showed?

21 DR. FLEMING: Right.

22 DR. PARENTI: ©No. They are very early data.
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1 DR. FLEMING: Right.

2 DR. PARENTI: But we have also showed late data
to supgort the contention that, again, there is no
relatidnship.

5 DR. FLEMING: And could you remind us of those
late d&ta that do show that?

7 DR. PARENTI: Sure. Number one, the DSMB
reviewdd the late onset adverse events. They reviewed the
early &nset adverse events after the study was unblinded, and
what 1 showed was that there was a statistically higher rate
of arfiiralgias in the wvaccinees. Now when you looked at that,
those l@ere the same arthralgias that were occurring in the
firstlBouple days after vaccination. So after that period of
time 14 so that is accounted for. So if you look at the late
onset ldrthritis, arthralgia, musculoskeletal in general, there
is noldifference between the vaccinees and the placebo
subjedfls.

18 DR. FLEMING: But I don't recall seeing those
such é&®ents recorded in the placebo either, i.e., my sense was
that £0is study with its duration of follow-up was effectively
givin@lus short-term answers, but these answers relating to

these2late events are really too early to be answered with
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this ddta set.
2 DR. PARENTI: I am sorry, I am missing your

point, 3Tom. I have got 20-month data comparing two groups.

4 CHAIRPERSON FERRIERI: Dr. Greenberg?
5 DR. GREENBERG: I am confused by the questions,
Tom. b think -- so I may be not understanding your question

either?7 I think you are confusing vaccine-associated effects
and inBection-associated effects, or at least what I am
hearin® -- could you try to clarify this because I am not
folloudng what is going on.

11 DR. FLEMING: I am glad you bring that up
becaudé@ both are important and I am trying to get at both. I
am gldd you mentioned that. There are, as I would understand
it, bd#h infection-related as well as unintended vaccine-
inducéd risks of what we are referring to as treatment-
resisfidnt late Lyme arthritis or more generally the late Lyme
diseadd consequences of chronic arthritis and neurologic
abnorm&lities. And in terms of the infection-related, is it
too edPly to tell whether the beneficial effects of the
vacci® in reducing EM are also a clue for our hoped intention
of re@icing subsequent infection-related occurrence of these

event22 And in terms of the unintended vaccine effects, is it
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possible that we may in fact be inducing a risk of such
arthri®is events unintentionally with the vaccine. And all I
am tryBng to get at here with this clarification is it is my

unders#anding that this study is really not able to address

those bate-term effects. It would take a longer term follow-
up. 6
7 CHAIRPERSON FERRIERI: Well, let's let the

sponsoB respond first.
9 DR. PARENTI: David?

10 DR. KRAUSSE: David Krausse, SmithKline
Beechdi. I would just remind you, Dr. Fleming, that it was
this d@@mmittee that suggested that a 24-month follow-up was
appropBiate for the safety evaluation of a Lyme disease
vaccidd. Now the study -- the present study lasted 20 months,
and thé only reason that it stopped at 20 months was because
we neéded to -- we had promised the placebo recipients that we
wouldldross them over in the third year if the vaccine were
found1lBo be safe and effective. So after 20 months, the study
was ud¥linded and we continued to follow all the vaccine and
placeBBd® recipients for an additional four months in open label
fashi@id, and those data were provided to the FDA and a very

brief28escription of those data in your briefing document were
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also p#ovided. So I just wanted to point out that it was the
commit®ee that suggested 24 months for the duration of the
follow3up.

4 I think that at least within the power of this
study, 5it is fair to say that we could not discern any
differdénce in the safety and any increased risk in the
vaccindes compared to the placebo recipients.

8 DR. FLEMING: And that we agree within the
power &f the study. I was getting more at what the study
wouldd Ot be powered to be able to address.

11 CHAIRPERSON FERRIERI: We have several other
questil@ns. If any of you have a precise question relating to
this 18sue, keep your hand up. Otherwise, we are moving on to
Dr. Pd¥and. Steve, can your question hold or is it related to
this téry issue?

16 DR. KOHL: You will have to tell me. I want to
get aft7this syndrome that Dr. Steere raised, which I think is
relaté® to this issue. Dr. Steere mentioned one patient who
had ad9arthritis paresthesia syndrome. And in reading the
safety¢Odata, there are actually two patients who are
ident®fiied, patient 12340 and 10857, both of whom had a

simil&? syndrome with arthritis and paresthesias and both of
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whom wére DR4 positive. Assuming that roughly 10 percent of
the pogulation that they vaccinated were DR4 positive, which
is whaB the data suggests, that is 2 out of 500, whereas none
of thedones who were DR4 negative seemed to have developed

this spndrome. I wonder if the manufacturers want to address

that a$ part of the safety issues.

7 CHAIRPERSON FERRIERT: Dr. Parenti?

8 DR. PARENTI: Let me just very briefly
summarPze the adverse events. There were, in fact, three
subjed®s who had paresthesias and arthralgias. Two are in the

vaccidé group and one was in the placebo group. Now we don't
know fiRe HLA status of the placebo person because that work is
stilll8ngoing. Now of the two vaccinees, one subject did have
parestidesias and arthralgias after dose two for several
monthd5 Those symptoms resolved, and when they returned at
the edd of the first year for the third dose, the symptoms had
resoldtdd and the investigator felt comfortable and gave them
dose flBree and they did not have any return of those symptoms.
And thADBs is the subject that Dr. Lucey had discussed a year
and tRfee months later was found to have unexplained renal
failukéd. So I don't know how to put that story together with

having@2a vaccinated subjected developing paresthesias and
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arthralgias when we have two on vaccine and one on placebo and
one of2the vaccinees gets it after two doses but doesn't get
it afté8r a third dose. I am not really sure how to put that
in any4specific theory.

5 CHAIRPERSON FERRIERI: Dr. Broome?

6 DR. PARENTI: But those are the three subjects

that D¥. Steere mentioned and on whom we have data.

8 CHAIRPERSON FERRIERI: Dr. Broome?
9 DR. BROOME: Just to try to understand what the
studyl®xclusion criteria might mean for this. Do you have any

senseldf whether the frequency of the HLA DRB1 0401 and other
rheumd®oid arthritis alleles is similar in the study
populdBion to the general population?

14 DR. PARENTI: Allen, could you comment on that?

15 DR. STEERE: I don't really know. And one of
the rd#%sons is that the ability to do this kind of subtyping
that idAvolves sequencing is new, and the sort of epidemiologic
studyl8hat you would like I don't think has really been done.

19 CHAIRPERSON FERRIERI: Dr. Poland?

20 DR. POLAND: Claire, I can say that the
frequedcy of the DR4 alleles that has been quoted of 10

perce®? is in the Caucasian U.S. population. I don't know
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what it would be in other populations. Along those lines, I
had se®eral questions. The subject 10857, did she happen to

get thé& vaccine into her left arm?

4 DR. PIETRUSKO: Dr. Parenti?
5 DR. PARENTI: Yes.
6 DR. POLAND: Then I will tell you my theory

later.7 Have the subjects in the Lyme 008 that had vaccine

failuré®, have they been HLA typed?

9 DR. PARENTI: No.
10 DR. POLAND: Okay. The other question I have -
- Tomlay be able to offer some help here. In the discussion

about 12he theoretical concern of the vaccine inducing any kind
of rhdsBmatologic problem in patients who are DR4 positive,
what 14 the power of the study to determine those thresholds?
If welS®aid, well, the risk was 10 percent, for example, and we
guesséd that 10 percent of them carried the DR4 allele, what
kind 4% power do we have to determine if the wvaccine
theordBically did induce any type of rheumatologic disorder?
Do welknow the answer to that question from your
statig®icians? In other words, clearly we are not seeing it
at 202zionths, but is that a type 2 error?

22 DR. PIETRUSKO: Dr. Krausse has some

NEAL R. GROSS 194
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



informdtion.

2 DR. KRAUSSE: I am not sure that we have the
answer 3to your question, Dr. Poland. Just to say that from a
clinicdl point of view, I am not sure that it is relevant. I
think bt is of interest from an academic point of view. Of
coursep there is no way that we could screen people for HLA
haplotype prior to vaccinating them. Even in a study, just a
subset 8were done. Of the 40 people who were HLA haplotyped of
the 100 sequential vaccine recipients -- people who got
vaccid® and had sufficient cells for HLA haplotyping
-- silof them had DR alleles in question. So that would be a
frequécy of 18 percent, which is approximately equal to the
numbe#8 that are thought to be -- I think you said 10 percent
and sdMe people say 20 percent. So that probably is
repredéntative of the whole population, which probably was
somewA&t homogeneous from a demographic point of view.

17 DR. POLAND: It is a concern I think more than
academBc when and if this vaccine were to be delivered to
millid®s of people as opposed to a small number. And I think
there2Would be a study that could be done to get at this as
has b@édn done with looking at vaccine failure with extended

haplo®gpes for Hep B vaccine, and that is to prospectively
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immunize subjects who are known DR4's. And those are actually
not --2because of the relatively high frequency of that allele
in the3U.S. population and the frequency with which people get
typed, 4perhaps they are bone marrow donors or whatever, you
actualby could prospectively immunize a large group of DR4's

and peshaps get at that issue.

7 DR. KRAUSSE: I don't mean to imply that safety
issues8are of academic issues only. It is just practical
issues9versus theoretical issues. I think it would be very

diffid@lt to type people and then to vaccinate them. It seems
to meltthat what is important is the frequency of adverse
eventd2in the entire population. So as I say, within the
power 18f this study, we did not detect a difference. And if
therelWas an increased frequency of adverse events of 1 in
1,00015I think that one would need a study of about 40,000 to
detectiba significant difference. If the difference were 1 in
5,000L17it would probably take several hundred thousand
vacciiddes to detect that difference.

19 CHAIRPERSON FERRIERI: Dr. Patricia Coyle?

20 DR. COYLE: I think the possibility that
vaccidtion might change the clinical picture of infection is

of sol& concern. Really, the vaccine is not 100 percent

NEAL R. GROSS 196
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



effectl It is not just of theoretic interest. There are two
distin@t animal models that suggest that when this single
proteid vaccine is used, some of the hosts do get infected but
it is 4 smoldering infection that becomes more difficult to
detect5 Now vaccination is going to mess up serologic
detectbon. I think in the monkey model, you had antigen and
PCR and pathologic data of infection in some of the animals
vaccin&dted. And in the rabbit model, you lost EM, which was a
very g&od marker of infection. And this brings us back to the
possibhle Lyme disease group, which is somewhat problematic.
We hed# that at least some of 2.2 perhaps may be explained by
co-infiedction with HGE. You would like the same rigorous
appliddtion to the asymptomatic sero positives to document
that fiHey are not co-infected as well. But it doesn't explain
2.1. 1Bven with the laboratory data being negative, that
doesnl® exclude that they had a valid EM. So my question is
for tAdse possible Lyme disease patients, were they treated or
were filBey not treated? And if they were not treated, have
they B®en followed and have any further specific testing been
done 26 that group?

21 DR. PIETRUSKO: Dr. Parenti, do we have some

infor®ation on that topic as far as the latter part?
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1 DR. PARENTI: I don't have any specific
inform&tion about whether they were treated. My presumption
is thaB they were, number one, told that they had sero
converdion and that they were treated and the decision about
treating clinical EMs was left up to the investigator. My
presumption is that the vast majority, if not all of them,
were tfHeated. So, no, I don't think that we are going to have
data ol these "untreated" Lyme disease subjects.

9 CHAIRPERSON FERRIERI: Does that answer your
questidén, Dr. Coyle?

11 DR. COYLE: Yes.

12 CHAIRPERSON FERRIERI: Dr. Greenberg, do you
stilll3- you don't have anything? Dr. Finkelstein?

14 DR. FINKELSTEIN: I wanted to ask some
questildns about the design of the study. I found the case
rate 6 be kind of low in this population. So I was wondering
whethé? you thought this was really the optimal target
populdBion, and if not, what were the implications about the
generdPizability of the study to a target population? And the
secon@0question is to speak to the timing of the wvaccine,
wheth@# you thought that was optimal. And if not, what is the

generaPizability again to changing this?
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1 DR. PIETRUSKO: Okay. I will have Dr. Parenti
talk aBout the clinical cases as well as the applicability of
the ulBimate design for the protective efficacy of the
product.

5 DR. PARENTI: I am sorry, I missed the
beginntng of your first question. You were asking in regard
to our7initial assumption as to what attack rates were versus
what tlBey ended up?

9 DR. FINKELSTEIN: No. Actually, I was saying
that file case rates were rather low. So I was wondering if
this wds really the optimal population, and if not, how
generdPizable is this study to what would be the optimal
populdBion?

14 DR. PARENTI: When we initially started this
studyldn 1994, there was a lot of discussion about what should
we badé the sample size on, what is the attack rate in the
populdfiion. And those numbers -- a lot of numbers were
considd@red. Ultimately the sample size was Jjustified based on
a vert9conservative rate of 0.5 percent attack rate. So we
thouglk® that was very conservative. As Dr. Steere has
mentidied, we went to the most intensely endemic areas that we

could2find. I believe the attack rate in the placebo group
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for thé first year was just under 2 percent and I think it was
just o¥er 2 percent for the second year. So that is pretty
much -3 obviously, that is a little bit more than we had
actually thought that it would turn out to be. So, yes, I do
think bt is generalizable.

6 Your second question was in regard to the
optimal schedule.

8 DR. FINKELSTEIN: Right.

9 DR. PARENTI: Obviously we did this study on a
0, 1,1D02. We administered the dose just before the onset of
the tidk season. That seemed to just intuitively make the
most d&énse. We would currently suggest that that be done as
well.13If it is licensed, that people get the second or third
dose jdst prior to the onset of the tick season. Having said
that, Ike also realize that 0, 1, 12 is perhaps not the most
flexihhbe or user-friendly schedule in the world and that
alteridtive schedules -- we are pursuing alternative schedules
to obitBate that need and to give subjects and practitioners a
littlé%it more flexibility in administering doses for people
who w&0Ohave forgotten or not been in the area but wanted to be
vaccidted for the ensuing season. We plan to have

alter®ative schedules, and I mentioned them earlier, available
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so that if the GMTs after three doses in alternative schedules
equal the GMTs after the third dose of Lyme 008 then we think
that w8uld be possible.

4 CHAIRPERSON FERRIERI: Dr. Kohl?

5 DR. KOHL: This is a theoretical question. It
may sownd like it is coming from outer space, but I will try
to explain it. It is for Dr. Steere. LFA-1 is really a
fascind&ting protein. It is an adhesive protein that allows
lympho®ytes to stick and kill other cells when they have to or
commuiddcate with other cells. And in children who lack LFA-1,
thereldre severe immunodeficiency syndromes associated with
that.12I wonder if it is at all possible that some of the
antibddy that is cross-reacting to LFA-1 may down-regulate T
cellsldr have negative effects on T cells. Has that been
studiéd in-vitro possibly or in-vivo in any way?

16 DR. STEERE: We don't think that the antibody
bindslflo LFA-1. It is a dominant T cell epitope of OspA that
has mdBecular mimicry with LFA. How it all works is another
storyl9 We don't know that.

20 DR. KOHL: So there is a cellular but not a
humor2l cross-reactivity?

22 DR. STEERE: That is right.
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1 DR. ELKINS: Excuse me, if we could be clearer,
Dr. St@ere?

3 DR. STEERE: Pardon?

4 DR. ELKINS: It is our understanding that there
is no d&irect data that addresses the question of anti-OspA
antibodies binding to LFA-1, is that correct?

7 DR. STEERE: Well, that is true.

8 CHAIRPERSON FERRIERI: Other questions from the
panel Rere? Yes, Dr. Eickhoff?

10 DR. EICKHOFF: This is a follow-up question, I
beliewté probably for Dr. Steere, about category 2.1 again.
Rememhi@r, this is physician-diagnosed EM without laboratory
confifBation. And Dr. Steere, I think you alleged that
somehd® these may have represented atypical cutaneous lesions
that wére mistakenly diagnosed as Lyme, is that correct?

16 DR. STEERE: That would be my first choice in
that 471 the laboratory data was negative. I mean the other
interpBetation is that they did have Borrelia burgdorferi
infecifon but that we were not able to document it by
laborabory test.

21 DR. EICKHOFF: I guess my question is

recog2®zing that in category 1 the lesions were photographed,
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were ady or all of these lesions photographed?

2 DR. STEERE: Oh, yes, they were.

3 DR. EICKHOFF: Is there any way of supporting
or lending some credence to the notion that these were a group
of atypical lesions?

6 DR. STEERE: On the way they looked, I would
say th& answer to that -- I mean, there can be classic
erythea migrans. But I personally found it a difficult
exerci®e deciding whether a lesion was erythema migrans or not

basedldn a picture. I personally had a lot of trouble doing

it. 11
12 CHAIRPERSON FERRIERI: Thank you. Dr. Hall?
13 DR. HALL: May I just ask if you can eradicate

the ad#ibody response by early treatment? In other words,
somebddy who say has EM or thought to have Borrelia
burgddstferi infection, give them antibiotics immediately.
Will ¢du eradicate the antibody response?

18 DR. STEERE: You may eradicate the antibody
respoidde entirely by early treatment. But more commonly, you
will @0e an antibody response in convalescence than you see
acutel¥. So in other words even people that you treat now, if

you c@fe back four weeks later and do an antibody titer, you
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are mofte likely to be able to show sero positivity then than
you wePe acutely. So in this study we were getting up into
the 703percent range in convalescence that we could show sero
converdion in the definite group.

5 CHAIRPERSON FERRIERI: Dr. Steere, could you
refreslh my memory on the PCR assay and when it was done on
some of the patients, it was all done by the same technique I
imagin®&. What were we amplifying? I have forgotten.

9 DR. STEERE: Yes, it was done by the same
techni@ue. The most experience is targeting ironically the
gene fidr outer surface protein A. So that is what we were
doingl2We were using a primer probe set that targeted the
plasmd3gene for outer surface protein A.

14 CHAIRPERSON FERRIERI: Thank you. Dr. Poland?

15 DR. POLAND: Two questions. The first is you
mentidmwed that the cut-off for sero positivity was 30 EIA
unitsl7and I was wondering how that threshold got established.

18 DR. PIETRUSKO: Dr. Dani DeGrave.

19 DR. DeGRAVE: SmithKline Beecham. This has
been @8tablished in different ways. The first way was to
screelwith the final assay protocol. To screen subjects who

had b&&n entered in the studies, have been tested before for
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Borrelia burgdorferi antibodies. And titers have been
titrat@d for these samples and the rates have been established
and thB3s was found to be around 10 ELISA units per ml. So
that 14 the 20 ELISA units that we used as a cutoff. Another
way wa$ to look for the specificity of the samples and to
absorb6out -- I am sorry, this is another point. So basically
we had7over 300 samples that were included in different
studie8. They have been assayed by the final assay protocol
and weBe found to be below this 20 ELISA units per ml cutoff.
10 DR. POLAND: The other question I have is that
not sdfprisingly in any study of this magnitude, and in fact
the d#t@pouts seem lower than normal in this. And I may have
missed3it, but was there any difference between the vaccine
and pldcebo group in the rate of drop-out. And then within
the d#dp-outs, anything that showed up as differences between

the tud groups?

17 DR. PIETRUSKO: Dr. Parenti has that
inform&tion.
19 DR. POLAND: I think there were somewhere in excess

of 50Q0dropouts.
21 DR. PIETRUSKO: We will have the information as

soon 22 he finds the overhead.
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1 CHAIRPERSON FERRIERI: While he is looking for
it, I would remind the committee members that we will try to
wrap ug, if we can. I think our questions are decreasing in
number4 We will try to wrap this up and then get back to
FDA's presentation of the questions. And then we can have
furtheb committee discussion. But try to exhaust your
questidns for information now from the sponsor.

8 DR. PARENTI: Can I have slide #41 of Dr.
SteereBs carousel?

10 DR. KARZON: I believe Dr. Broome brought up
briefly another topic that we really haven't discussed a whole
lot, d42d that is how this vaccine will be used. And under
this HA8ading, I would be interested to know what your group
wouldldrite down as the exclusions. Who should not receive
the vddcine? We have had some new experiences since this
questilén was raised initially. I would like to know whether
therelwill be cardiac exclusions and how this would be
screeddd, and in particular how we will handle individuals
with d8thritis of all kinds of etiologies, especially if we
get i20o older age groups, and any other exclusions. And then
how w@lwill handle the question of who should receive the

vacci@s. I know you listed initially the logical conditions
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of putfiing people who are at risk. It would be interesting --
this pfobably would embrace a great many people, a high
percenBage of the population in certain parts of the country.
And evdn the question of how it should be used in more
sporadbc regions. This may be a lot of people, as I am sure
you have probably calculated. Therefore, we must pay
particdlar attention to low incidence adverse effects, not
just a® incidence in the 1 percent or above, but things that
happen9less than that. And this will inevitably appear in
this dfsease in particular. In poliomyelitis, to give an old
analody}, we are still struggling with the extraordinarily low
rate 3£ adverse events as a serious issue. And here it is
more d&8mplex because I think defining things will not be as
easy 44 it is in polio in the patient or contact. These loom
to melds very major problems that we will have to think a lot
aboutl6and I am sure you have been thinking a great deal about
theselJorts of issues.

18 CHAIRPERSON FERRIERI: Let us proceed with this
data 4@d then we will have room for more questions.

20 DR. PARENTI: So on this slide we have the
numbe?lof subjects who start and the number of subjects who

compl@&®ed the study. So you can see that statistically there
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is no difference between the number who completed between the
two gr@ups. The number of subjects who discontinued because
of serBous adverse events again were similar in both groups,
16 verdus 11. When you look at the ones that were related or
possibby related to the vaccination, 2 versus 1. And again,
of othér adverse events that are related or possibly related,
9 in tHe vaccine group versus 2 in the placebo group.

8 This is a table just going into the specific
events 9that led to study termination. The most common was

earlylénset of arthralgias. Otherwise, I think the rest of

the etédnts are fairly common -- arthralgias and perhaps
parestilesias. Otherwise, the events are very similar.
13 CHAIRPERSON FERRIERI: Any question on this

data?14The issues that Dr. Karzon brings up are very
fundaméntal to what the committee can contribute to FDA and
maybe lwe could hold on those. I would like the committee to
wrap &1 some of those issues and I would like to get to these
otherl8pecific questions. So we will start with Dr. Luft and
then B&tricia Coyle and then Dattwyler.

20 DR. LUFT: I just want to make one comment on
that 2dst point. I think it is important for us to understand

what £Re adverse events would be vis-a-vis the serious
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sequelde or the incidence of the serious sequelae due to this
diseas& and what is the trend in regard to the serious
sequelde. It didn't escape any of us, the last comment that
was made before the break that with good vigilance that the
number 50f cases that were actually diagnosed was really quite
high fér Lyme disease.

7 The point that I wanted to make in regard to
the st8dy is that there is very heavy dependence on serologic
confir®ation. And when we start thinking about the adverse
eventdf it was stated originally when we got the overview of
the didease that the disease is really quite protean. And
actually the adverse events are very similar to what the
disead8 manifestations are. And if you start to, as I think
Dr. HA#1 was eluding to -- if you start to kind of say well
how ofiben do you actually become sero positive, you can start
to haté a different take on when someone has an adverse event
of whdfther it is disease specific or infection specific versus
vaccid® specific. And I think that that is an important issue
that ¥® have to deal with. I can only say from my own
exper®énce, having done a randomized double-blind controlled
study2fthat was FDA approved regarding the comparison of

ezith?@mycin to amoxicillin, when we found that ezithromycin
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was nofl as effective as amoxicillin, those patients when they
had th@ir disease related events were sero negative at the
time tBat they had those events. So the serologic criteria
would #dot have -- they would have done very well actually with
these &ériteria, and I think Pfizer would have been much
happiep with me than they turned out to be.

7 So I just wanted to kind of ask in regard to
that, &nd I think it goes back to an earlier question that I
asked Bn regard to the self-reported events and whether there
was afdy segregation that occurred between the 10 percent of
patiedfls reporting that they were having symptomatology,
whethé? there was any difference between the vaccine group and

the pld3cebo group independent of antibody or serologic

diagnddis.
15 DR. PIETRUSKO: Dr. Parenti?
16 DR. PARENTI: Basically the two groups had the

same &Uspect symptoms. We didn't put it through statistical
rigorl8but when you looked at what it is that people came into
the ofifice with, what complaints, there was basically the same
complaints in both groups. So both groups were being
evaluzfied for the same things.

22 CHAIRPERSON FERRIERI: Dr. Dattwyler?
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1 DR. DATTWYLER: I just wanted to ask in the
catego®y 1, what was the sero conversion rate in culture
confirBed erythema migrans? Because then we might get a
betterdhandle on 2.1 that way.

5 DR. PIETRUSKO: Dr. Parenti will be looking
that up right now.

7 DR. DATTWYLER: Okay.

8 DR. PIETRUSKO: Dr. Steere is going to answer
the quéstion.

10 DR. STEERE: Well, this slide shows the number
that Hdd sero conversion. But what you are wanting to know is
the nif®ber -- okay. Well then that is very similar to what it
was ou8rall. In other words, to have any sero conversion,
meaniidg both or either IgG or IgM, the sero conversation rate
of 611lpercent overall in the study population. It was 64
perced®. So in other words, in the culture positive group, it
was véfy similar.

18 DR. DATTWYLER: Okay. So if that is the case,
say 649ercent or between 60 and 65 percent, that means that
you mPght expect to see people in 2.1 who really have erythema
migrad but could fall out into the you just didn't culture it

and y@2 didn't sero convert. Sero conversion is obviously not
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univerdal. So that that 2.1 may contain real erythema

migrang.
3 DR. STEERE: It may.
4 DR. DATTWYLER: And if you over-emphasize

serolody, you might miss that.

6 CHAIRPERSON FERRIERI: That is a terribly
importdnt point. There are several other individuals. We
will g& on next to Patricia Coyle and then Dr. Broome, Steve
Kohl, &nd Fleming.

10 DR. COYLE: I just have three quick questions.
In thélproliferation interferon gamma assays, lipidated OspA
was ndf used because the lipid acts as a mitogen. If you use

lipiddBed OspA, what do the placebo and vaccine patients look

like?14
15 DR. STEERE: I don't know. I haven't done it.
16 DR. COYLE: It wasn't done. Okay. Secondly,

knowidd how this vaccine would have to be used if it was
approt&d in endemic areas, is there any, any, any animal or
humanl®ata on repetitive vaccinations -- multiple times?

20 DR. PIETRUSKO: Dr. Lobet, is there anything in
animallrepeat?

22 DR. LOBET: Your question relates to multiple -
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2 DR. COYLE: Multiple vaccinations.
3 DR. LOBET: No, but there are -- there is no
animal 4dmodel that has been used for that, but we have some

human &ata on this.

6 DR. COYLE: Some human data on like how many
times?7

8 CHAIRPERSON FERRIERI: How many boosters or
challe®ges?

10 DR. PIETRUSKO: Dr. Parenti?

11 DR. PARENTI: We have one study where

approg®Pmately 500 subjects have received 4 doses in a year --
0, 1,13, and 12. We have ongoing studies where people have
receitdd 0, 1, and 12 and have gotten a booster at month 24,
and addther cohort of about 150 or 200 who have gone 0, 1, 12,
24, add 36. And from the safety data we have right now, we
are ndf aware of any unusual events happening in these people
who hd8e received four or five doses.

19 DR. COYLE: And my final question, this
exclugfon in the Phase III study of patients with joint
probléis was a little bit vague. So I am trying to get a feel

of wh@2was excluded. Would anybody in general complaining of

NEAL R. GROSS 213
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



any hidtory of joint pains have been excluded or current joint
pains?2 Obviously rheumatoid arthritis and osteocarthritis,
fine. 3But was it extrapolated, and just give me a sense of
who wad excluded based on joint problems.

5 DR. PARENTI: Yes, that is a good question.
The gi$t that we tried to give the investigators was that we

did nof want people in this study in whom it would be

diffic8lt to assess for Lyme disease later. I mean one of the
endpoi®ts is looking for arthritis. So if you started out
with dPthritis -- we didn't want to make it -- we didn't want

to hatéd subjects who already had unexplained knee effusions,
for ei@mple. So with those guidelines, we asked the
invesfiBgators to use their judgment. So some investigators
felt fiHat back pain obviously wasn't an issue. They could
clearly differentiate back pain from Lyme disease. There were
invesfitgators who had had some of these subjects in their
privattd practice for years and years, they knew their
osteodsBthritis -- they knew their patterns of osteocarthritis
and fabt very comfortable that they could discern in a given
patiet) whether there was a new event, for example. So we
knew ®Hat this was an issue and we went back and looked at all

the s@Bjects who had musculoskeletal complaints at baseline to
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see ifl again, vaccinees who had a previous history of
musculd@skeletal complaints or had something on physical exam
at the3beginning of this study were at increased risk of
develoding subsequent musculoskeletal events. And from the
table b have up here -- I apologize that the numbers are not
really6very clear -- you will see that as you go from dose 1
to 2 td 3 and look at musculoskeletal disorders, there is no
differénce between the two groups. So if you had a baseline
history of a musculoskeletal event and got vaccinated, you did
not appPear to be at increased risk. And it looks as if there
was ouér 2,000 such subjects. So 20 percent of the population
alread? has some baseline musculoskeletal event, which is
pretty¥3much what you expect when you are looking at 40, 50, 60
et cefldra year subjects.

15 DR. COYLE: Thank you.

16 CHAIRPERSON FERRIERI: Dr. Broome and then Dr.

Kohl. 17Dr. Breiman, would you like to start?

18 DR. BREIMAN: Could I just --
19 CHAIRPERSON FERRIERI: Sure.
20 DR. BREIMAN: I may have missed the answer, but

do yorlknow what the actual number is of people that were

exclu@@d from the study because of joint problems?
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1 DR. PIETRUSKO: Dr. Parenti? Do you want to
give u2 that number?

3 DR. PARENTI: Do you mean people who were
screendd for the study and not entered because of that? No, I
don't know.

6 CHAIRPERSON FERRIERI: Dr. Broome?

7 DR. BROOME: I am looking at the question we
are goBng to have to address about the appropriate schedule
for imBunizing, and I would like to know the interval between
the sd€ond dose of vaccine and the onset of disease for the
failu#tds. I really think that that is important information.
As Drl2Lucey has suggested with his nice analysis, there is a
very #8pid fall off in antibody. And my hypothesis would be
that WHen you look at the reverse cumulative distribution for
the cddes, there are some of them that had a poor response.
So thd® is very credible. But those that apparently had a
somewhAdt reasonable response, did they occur later in Lyme
seasodB Does this help you confirm the concerns that there is
a prefi®y rapid fall off of the antibody that may relate to
prote@fion?

21 DR. PIETRUSKO: Dr. Parenti is going to be

answe??ng the question. He is getting the information now.
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1 CHAIRPERSON FERRIERI: All of this background
inform&tion is quite critical to our addressing the questions.

So if 3ny of you seem dismayed, don't be. We will be getting

to thedquestions fairly soon. Dr. Parenti?
5 DR. PARENTI: Slide 64 and 65 in Dr. Steere's.
These &re survival curves. I am sorry, this doesn't

specifilcally have the titers on here. But as you can see,
during8year one the starting point here is from four weeks
after ®he second dose to the onset of case. There is really
no dififlerence. The vaccine cases and the placebo cases are
occurting within the same time frame. You will see the same
patte#? in the second year. Again, there are very few cases,
but tA& vaccine cases are occurring in here.

14 I have a list. It is not a pretty list, but
theseldre the vaccine failures from year two and their GMTs.
It aldé has their onset dates. So, again, I had previously
said filere are 7 vaccinees who are -- there are 7 vaccinees
who a#®& over the age of 60 and six of them are over the age of
65. 88 if you just want to go through them very quickly, here
is a @0-year-old who had virtually no response at all to the
first2fiwo doses. They showed up in the middle of August as a

year Rwo case. I am sorry, I should step back a second. We
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have blood on baseline on everybody and we have month two, but
we don2t have month 13 on everyone. The 67-year-old, again --
I'm soBry, this person actually had a fairly decent anti-OspA
titer dfter the first two doses. At the end of the first
year, Bhey had lost it and they had the onset of their disease
in mid$6August. And at the time of the acute sera or at the
time of the acute attack rather, you can see that they had
GMTs 18 the 300 to 500 range. A 62-year-old with a minimal
responde to the first two doses. The onset of disease in year
two atilOthe very beginning -- I am sorry, onset of disease
againlin August. A 68-year-old, minimal response to the first
two dd2es. Onset of disease in August. Unfortunately, they
didn'f3have sera that were available to see what their titers
were d4# that time. A 69-year-old, again poor response to the
first1ltwo doses. They had their onset of disease in June, and
againlminimal anti-OspA response here. A 70-year-old,
virtudlly no response through the whole thing. They had the
onset 18f disease at the end of the season in September. A 68-
year-dBd here, again virtually no response at all with onset
in Juzé.

21 CHAIRPERSON FERRIERI: Thank you. We will move

on to22teve Kohl, please.
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1 DR. KOHL: Yes. If you take category 2.2 and
remove?2all the possible Ehrlichiosis cases and take category 3
and comlbine those two -- collapse those two into each other,
assumidg that the category 2.2's are really asymptomatic

infectbon, what is the protection rate and what is the

signifbcance?
7 DR. PIETRUSKO: Dr. Parenti?
8 DR. PARENTI: Take 2.2 and what?
9 DR. KOHL: Take 2.2 and remove the Ehrlichiosis

casesldr the cases that you think are Ehrlichiosis cases and
collapde that into category 3. What would the protection rate
be iflgou combined those?

13 DR. PARENTI: I would have to do some quick
math Bdcause we have not combined category 2.2 and 3 because
one i1i45possible --

16 DR. KOHL: The reason I asked that is you have
combiddd just about every other category in the analysis
excepfi8for that.

19 DR. PARENTI: We did it specifically at the FDA
reque2. But to us, there are two separate things. One
possiBBle disease mainly based on IgM in fact in the 2.2

categ@®y, and category 3 clearly being no symptoms based on
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IgG. But if you want, we can crunch those numbers for you.

2 DR. KOHL: Okay.
3 CHAIRPERSON FERRIERI: Thank you. Dr. Fleming?
4 DR. FLEMING: In preparing for the questions, I

would bike to just probe a bit. Thinking through what had
been pfesented to us as the three stages of disease, I would
be intdrested in a clarification of the clinical importance in
timing8 both from colleagues on the committee as well as from
the spdnsor. Very quickly, it has been presented to us that
the tHfee stages of the disease include the early localized
infecfilon and erythema migrans is a key aspect of that. 1In
fact, 127 percent of the definite cases are EM cases. Then
therelB3s the early disseminated infection that includes spread
to heddt, liver, and joints. And then what we refer to as --
or whdb you refer to as late Lyme disease with chronic
arthri®is and neurologic abnormalities.

17 The first question is as we think of clinical
imporfi&nce, is it proper to -- or is it an appropriate
clinid@®] perspective that the clinical significance of the

sequel&e of infection is substantially enhanced by risks other

than BM? Or if EM was the only clinical consequence --
anoth@? way of saying this -- the concern with Lyme disease
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would Be discernibly less? 1is that a fair conclusion?

2 DR. PIETRUSKO: Dr. Schoen is going to answer
that gBestion for us.

4 DR. SCHOEN: I think I will ask a question
first &nd make sure I understand the question. I think that
these éategories of early and late, localized and
disseminated, are rules of thumb that are helpful to the
clinicBan. And as a rheumatologist, as I was listening
earlie®d on to the discussion, I was struck by the fact that
what 10typically encounter in terms of Lyme arthritis in
naturdl infection these days is patients -- if I had to make
up a &Pinical story, it is a patient who has an erythema
migrad8 rash in the summer which is missed or is perhaps not
recogif#zed. If it is not recognized, I can't say that it is
in thd® particular summer. But it is certainly my impression
as a dbinician these days that a lot of the Lyme arthritis
that 17see, I am seeing in the fall or early winter following
a traddmission season. So I think that we would capture --
talkidd® earlier about refractory Lyme arthritis and
theor@fical concerns about refractory Lyme arthritis, at least
in na®dral infection refractory Lyme arthritis is an entity

which2fypically occurs within months after the onset of
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illnesd. It is obvious, as Allen mentioned earlier on -- Dr.
Steere2-- you see cases in which there are intermittent
attacks of arthritis. You also see cases less commonly where
almost4from the start you have a sense that the arthritis is
not gobng to go away. And if it persists for a long enough
period6of time, it is considered to be chronic.

7 So getting back to the question, which I
wonder&d away from because I did want to make that comment, I
think ®hat it is helpful to think about early and late
diseadd. And clearly something happens between early disease,
whichlis easy to treat, and as Dr. Luft points out, if we
didn'fi2ever miss it, we wouldn't need a vaccine. But we do
miss 18. And late disease, where presumably some other
pathoddnesis is at work because it is hard to treat. But I
wouldlthink of these as useful rules of thumb. And I don't
think1lthat the statistical information is invalidated. I
think17f we have eradicated the disease early, it doesn't have
a chaidd@e to occur late and demonstrate a statistical
diffefénce.

20 DR. FLEMING: You are actually answering the
secon@lquestion, so let's just pursue that for a quick second.

What $8u are saying then is if we wanted to be able to judge
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our infiluence on chronic arthritis or the neurologic
abnormzlities that have been referred to as late Lyme disease,
are yoBd saying -- as a rule of thumb, roughly what time frame
would ylou need to be able to assess those effects or those
conseqences from initial infection?

6 DR. SCHOEN: Well, I think it is a bell-shaped

curve, Twhich you can tell me more about than I can.

8 DR. FLEMING: Yes.

9 DR. SCHOEN: I would think that it is typically
measu#®dd in -- and Allen may correct me here -- but I would
say tHé& average case occurs within a year. The average case I

wouldl®ay probably occurs within a year. And some cases occur
much md8re quickly. I think I have seen someone who developed
Lyme ddthritis 11 years after erythema migrans, but that is
the oAby case like that I have ever seen.

16 DR. FLEMING: So essentially it should be
enough7to follow a cohort for 20 months to be able to
determBne whether there will be a rate of chronic arthritis?

19 DR. SCHOEN: Yes. As investigators, we kept

out o20the study as much as possible anybody that we suspected

had acfiive infection at the onset of illness. So in an ideal
worldp22nobody -- a few did, but nobody came into this study
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with Lyme disease. We then had a surveillance in which we
were very much helped by our volunteers to scour the land to
find edrly disease and treat it. So we didn't see late
diseasd, which I think we would have seen if it was going to
break through.

6 DR. FLEMING: So in the placebo arm of this
trial, 7Twe should be able to define how frequently then chronic
arthriBis occurred? Because you are saying we will know that

answer 9within 20 months?

10 DR. SCHOEN: No, because --

11 DR. FLEMING: Refractory chronic arthritis.

12 DR. SCHOEN: The answer to how frequently it
occurd3depends on whether or not the disease is treated. If

you t#dat the disease early, you don't see the late
maniféstations of disease. So if surveillance and capture of
earlyléases was excellent, where are the late cases going to
come i such a study?

18 DR. FLEMING: So essentially what you are
saying9is -- to modify my comment -- 20 months is enough for
us to2detect the frequency with which chronic arthritis will
occur2fiollowing infection, but in this study that rate may be

very 28w in the placebo arm because of good surveillance and
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effectidve antibiotic therapy?

2 DR. SCHOEN: I think that is true.

3 DR. FLEMING: And then the answer to the first
questidn was if the only clinical consequence of Lyme disease
was EMp the overall clinical sequelae would be much less
seriou$ than when we look more globally at other components
including arthritis and other disseminated circumstances or
conseqg8ences. Is that correct to say as a clinician?

9 DR. SCHOEN: As a clinician, if you are seeing
-- EM10s less serious than late manifestations. At least I
thinklthat is what you are asking.

12 DR. FLEMING: Yes. What I am saying is the
fact fiBBat there are these late manifestations and other
dissem#inated aspects to the disease that are sequelae to
infecibon beyond EM are very important -- are certainly very

imporfi&dnt to the overall clinical consequences.

17 DR. SCHOEN: That is true.
18 CHAIRPERSON FERRIERI: Dr. Dattwyler?
19 DR. DATTWYLER: I agree with what Dr. Schoen

has s20d. One point though is that chronic arthritis under
any c®fcumstances has become a rare event. The most comment -

- the28cenario of Lyme arthritis is what Dr. Steere's
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descrilled, arthralgias followed by usually knee effusion,
spontaReous remission, and the sequence is repeated. And
graduaBly the interval between episodes lengthens and the
diseasd goes away. So real chronic arthritis is not the rule,
it is the exception. And I think that that is an important
point that everybody should realize. But otherwise, I agree
with whHat was said.

8 CHAIRPERSON FERRIERI: Thank you. We have time
for on® quick question, and this will be Clement-Mann. And

then wé will have Dr. Elkins present the questions.

11 DR. CLEMENTS-MANN: I just wanted to ask a
questil@n. I was actually -- the K curve on this vaccine is
not udBike hepatitis B, and I was wondering if -- you seem to

get aldood immunologic response with the third immunization.
Evided&e that looks suggestive of immunologic memory. But in
the pdéple who got vaccinated the third year, when they got
the bddst at 24 months and then they got the boost at the
thirdlgear, did you see the same good response in terms of
antibdd@y rise or was it less or how did that look?

20 DR. PIETRUSKO: Dr. Parenti will discuss that.

21 DR. PARENTI: We are still evaluating that.

The s@Bjects who received the dose --
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1 CHAIRPERSON FERRIERI: Would you speak into the
micropBRone?

3 DR. PARENTI: The subjects who received the
dose a®¥ month 24 and 36, we are going to be getting their
serolodgy this summer. So that is one of the issues we want to
go back and look at. Does previous response predict future
responde, et cetera?

8 DR. CLEMENTS-MANN: And just quickly, was there
any difference at all in terms of that responsiveness to the
boostéf, even at 24 months, in individuals who had been
previddsly infected?

12 DR. PARENTI: Again, from the preliminary look
that 48 had, the previous infection issue did not really seem
to plda¢ a part at all or a role at all. Could I make two very

quick léomments?

16 CHAIRPERSON FERRIERI: Very briefly.
17 DR. PARENTI: Okay. Number one, for Dr.
Flemid®, we did follow some of the vaccinees -- approximately

one-tAdPrd of the vaccine population was followed for an
addit®énal year to see if they developed Lyme disease, and
they @i1d not. So we have followed some of those. And the

secon@2thing is in regard to your question of if we combine.
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At yea#t one, there were no Ehrlichia, potential false positive
EhrlicRia, so we don't change the numbers there. But in year
two, w8 would have had five vaccinees versus 30 placebo for an
attackd4rate of 83 percent if we combine the 2.2 and the

categoby 3's.

6 CHAIRPERSON FERRIERI: Thank you. Dr. Elkins,
there dre two ways of looking at this. That we are an hour
and 408minutes behind or an hour and 40 minutes ahead. I am

an optPmist, so I feel we are an hour and 40 minutes ahead.

10 DR. ELKINS: You may wish to consider the
afteriddon break before we do questions.

12 CHAIRPERSON FERRIERI: No, I would prefer that
we dolBhe questions and then we will have a break and then we
will ddme back and do the open public hearing. And then we
will d&al with more committee discussion and actual votes.

16 DR. ELKINS: All right, then. The questions
whichlwe wish to put to consideration for advisory committee
membe#8 this afternoon include the following. First, are the
data d@fficient to support the conclusion that the vaccine is
safe £20r immunization of individuals 15 to 70 years of age?
And w2fthin that overall questions, we would particularly

apprellate comment from advisory committee members on the
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adequady of the long-term follow-up data, on any cautions for
those with chronic joint disease or others who were excluded
in the3pivotal efficacy trial, and on the use of Lyme disease
vaccind in those persons with a previous history of Lyme
diseasé.

6 Number two, are the data sufficient to support
the coficlusion that the vaccine is effective against definite
Lyme dBsease in individuals 15 to 70 years of age when given
on a 09 1, 12-month schedule? And we are particularly
interé®ted in advisory members' comment on the appropriate
description of the overall efficacy results and the
demond®ration of protection against asymptomatic infection
givenlBhe data concerning protection against possible Lyme
diseadd, that is, the categories 2.1 and 2.2 cases.

15 Number three, please comment on the use of Lyme
disead® vaccine in persons over 70 years of age. that
questildn is straightforward on its own, as is the following
one. 18

19 Number four, in the efficacy trial,
vacciédtions were given just before the Borrelia burgdorferi
transission season at 0 and one month between January 15 and

April 225, and then 12 months later between approximately
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Februa#y 15 and April 30. Should a similar seasonal
vaccin@tion schedule be recommended in the package insert?

3 Finally number five, are there any additional
studied that should be performed by the sponsor, and we are
partichlarly interested in comments on additional studies for
rare adverse events, the duration of protection, booster
doses, 7and pediatric stories, and some of those studies are
ongoing.

9 We are interested in a vote from the advisory
commififee on questions 1, 2, and 4, that is, the safety,
efficddy, and seasonality questions, and comments on questions
3 andl12.

13 CHAIRPERSON FERRIERI: Could you please show

slidelZ2 again, Dr. Elkins?

15 DR. ELKINS: I believe that is the efficacy
questilén?
17 CHAIRPERSON FERRIERI: Well you had -- the one

on quédstion one and then the target --

19 DR. ELKINS: Slide 2, not question 2. Is that
the ord? Efficacy of safety points.

21 CHAIRPERSON FERRIERI: This one. Any other

quest®@ns on the questions?

NEAL R. GROSS 230
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



1 DR. GREENBERG: I have one.

2 DR. ELKINS: Yes, Dr. Greenberg?

3 DR. GREENBERG: The safety question is
literally 3 doses of vaccine given as the -- or the safety of
this 1% other contexts with multiple -- you want to know
simply6safety of 0, 1, and 12 months?

7 DR. ELKINS: Yes, sir.

8 CHAIRPERSON FERRIERI: Thank you very much,
Karen. 9 We will now take a 15-minute break, and then we will
come RBdck at 4:00 for the open public hearing and then we will

resuméldiscussion and voting.

12 (Whereupon, at 3:46 p.m. off the record until
4:03 @3m.)

14 CHAIRPERSON FERRIERI: We will resume the
meetid® now. If the committee members would please sit down.

You hd®¥e in front of you the questions that Dr. Elkins flashed
on thd7screen a few minutes ago. So we will stay with those
and t#¥ to get everyone to the table before we start.

19 The game plan that seems most logical is for us
to havd discussion and then voting on the questions that the
agencylwanted to vote on, questions 1, 2, and 4. And within

our dP2cussion, I would like committee members to be bouncing
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off eadh other ideas, reactions, and so on, so that we are
convey®ng information that will hopefully be valuable to CBER,
and addressing as well the addendum questions to each of the
major duestions.

5 So if we could have everyone seated again,
please6 I have just been reminded that I am guilty of a
serioud omission. We need to call for the open public
hearin@. The jargon is OPH. Is there anyone here? Mrs.
Cherry9will conduct the open public hearing. We have never
had gidte so many.

11 MS. CHERRY: We had advertised one occurring in
the 1ld®e afternoon. So I thought that if there is anyone here
who widhes to make a comment, this is the chance. If not, I
will #dturn control to our chair.

15 CHAIRPERSON FERRIERI: Thanks, Nancy. So let
me redd the question then that you have in front of you. For
the addience, are the data sufficient to support the
concli®ion that the vaccine is safe for immunization of
indivi&uals 15 to 70 years of age. So confining our
discugfion around that point, I would be happy to entertain
volun®éers to open up the discussion. It makes it more

sponta®eous than trying to go around the table. We will do

NEAL R. GROSS 232
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



that whHen we take a formal vote then. Who would like to open
up thif question then on safety? Steve Kohl?

3 DR. KOHL: Well, is anyone else concerned about
the twd cases of paresthesia, arthritis, and the DR positives?

5 MS. COLE: I am.

6 DR. KOHL: We have two out of roughly 500, I
would Juess, who are DR4 positive versus zero out of 4,500.
And to8me that sounds statistically significant.

9 CHAIRPERSON FERRIERI: Thank you, Steve. Mrs.
Cole 19 Rebecca Cole. We have several people whose names
soundlffamiliar.

12 MS. COLE: I agree with Dr. Cole. There are
severdB things that concern me. I think the question in all
honesfi¢ should be rewritten a little bit because there are so
many dboups of people that were left out of the testing that
it islfeally difficult to say, yes, they have proven it safe

for eddrybody 15 to 70, because they haven't.

18 CHAIRPERSON FERRIERI: Please elaborate on
that.19

20 MS. COLE: Well, there needs to be certain
indiv®2duals. You were talking about no former Lyme patients

couldZ2Rave this, nobody with arthritis. They weren't included
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in theltesting. No cardiac pacemaker patients. There are a
lot of2groups of people in this country that would be left
out. So I don't think you could say that it is safe for
everybddy 15 to 70, because that hasn't been proven.

5 CHAIRPERSON FERRIERI: Other reactions to this?
Yes, pkease, Dr. Greenberg.

7 DR. GREENBERG: I still am concerned about the
fact tBat from the antibody data we have been seeing, it looks
likelySthat this vaccine may be given in more frequent
admini€ftrations than just three doses in the lifetime of a
recipilént. So I have even more concern about if the wvaccine
is golRg to be delivered on repetitive vaccination, but I have
no daftd to judge its safety.

14 CHAIRPERSON FERRIERI: Okay. Dr. Coyle?

15 DR. COYLE: I think that is probably a very important
point 16 Because as the question is phrased, and the only data
that @& have is this three vaccination schedule. And it is
very &Bear that that can't be how -- that is not likely to be
the wdy this vaccine is going to be used. So I think that may
come 2fito the final question with regard to post-marketing
analy2is that has to be done.

22 CHAIRPERSON FERRIERI: Dr. Snider? Did you --
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1 DR. SNIDER: Yes. Well, I was just going to
elabor@te some, which gets a little bit over into efficacy.
But I Bhink I agree with Dr. Greenberg and others that it
would dppear that there is a correlation between the antibody
titer &nd vaccine failures. I didn't ask the sponsor the
questién directly of whether there were other correlates. Age
and so7forth was eluded to. We kind of skirted around it and
didn't8attack it directly. But I think the point is that if
this p®@tative mechanism of action is correct, what it means is
that 16 contrast to many other vaccines, you have got to have
a cerfidin titer of antibody in your blood in order for the
vaccidé@ to be protective, which I think means repeated
boostésns, whether they are annual or every two years or every
threeldears or whatever. So in terms of safety, I think what
the cdmlbmittee is saying is we have to worry about a longer
period6of time than the 20 months of data we have in front of
us. Sd&7we have the dilemma of how much data do we need on the
table1Before licensure, and how much data are you willing to
defer1®o after licensure to collect.

20 CHAIRPERSON FERRIERT: I think you have hit on
the cfix of the issue and summarized it very well. Dr.

ClemeRfs-Mann?
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1 DR. CLEMENTS-MANN: I would just like to say
that w& should keep an open mind about this. I think that for
certaild diseases, we do have to boost rather frequently,
includ#ng influenza vaccine for people that are at high risk.
So if we keep that in mind. I agree that the study as
designéd did not include -- you can't generalize to all 15 to
70-yea?i-olds, and that there would need to be a concerted
effort8made to expand the safety data to include the entire
popula®ion of people who might want to be vaccinated in that

age rdfige, and that there will need to be follow-up studies to

look 48 the safety and immunogenicity of subsequent doses. So
I thidR -- I mean, I think these are all things that can be
worked 3out.

14 CHAIRPERSON FERRIERI: Do you want to propose

what wéuld be an optimum period of follow-up to pursue those
pointd6for safety and immunogenicity?

17 DR. CLEMENTS-MANN: Well, I guess the -- you
know, 18t seems to me that there is going to be a
-- thé®e is actually going to need to be more data coming to
look 20 the optimal way of immunizing also, and that these
data 2#te being collected. So it may turn out, who knows, like

hepat?Pis and others that you could actually immunize three
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doses 1n a year and get a very high response, which then would
tail off perhaps over a longer period of time. But I think in
terms 8f the repeated boosting, that that data will be
possible to get if they are immunized the third year and then
the fobrth year. At least we can look at those cohorts of
people6to see if there are any problems with reimmunization.

7 CHAIRPERSON FERRIERI: Dr. Dattwyler?

8 DR. DATTWYLER: I just want to say I agree with
that. 9But getting back to the DR4 thing, if you looked at --
say 1f0is between 10 and 20 percent of the Caucasian
populdfiion. That is probably around 1,500 individuals in this
studyl2 And the sponsor said that there were two people who
had ad3adverse event in the vaccine group and one in the
placebd group. I don't think that is statistically
signifibcant.

16 CHAIRPERSON FERRIERI: Pardon me? You don't
feel 1€ is significant?

18 DR. DATTWYLER: Right. I mean I think that I
wouldl&®ssume if that is the case that DR4 is a rather common
thing20 If we were going to see a widespread effect secondary
to thaf haplotide, I would expect to see it in a greater

numbe?20f people.
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1 CHAIRPERSON FERRIERI: Dr. Clements-Mann?

2 DR. CLEMENTS-MANN: Yes. I guess that was my
other gBoint too. Ordinarily if it is due to vaccination, you
would Have expected an exacerbation when they were, as Pat
said, bBechallenged or reimmunized with the vaccine. So that

it is wnclear to me that that event was related to that second

immuniZation.
8 DR. DATTWYLER: Yes, I agree.
9 CHAIRPERSON FERRIERI: Dr. Broome, do you agree

with lRat? Claire?

11 DR. BROOME: I am just following up for a
minuté2on this issue of the DR4 susceptibles, if you will.
The -13what is the predictive value of DR4 positivity, if you
will, 14.e., of the folks who are susceptible, what proportion
will d4&tually have rheumatologic manifestations, and is it a
tenablé hypotheses that that group may have been
prefe#dntially excluded from this trial because of the
excludBonary criteria?

19 DR. DATTWYLER: But assuming it is 20 percent
in th&0Caucasian population, and even if you drop it down and
you erdlude half of those, then you would still have 1,000

peoplé@2with that haplotide.
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1 DR. BROOME: But what I am saying is that not

everyb@dy with that haplotide goes on to develop arthritic

manifes8tations.
4 DR. DATTWYLER: Sure.
5 DR. BROOME: What is the predicted frequency

with wieich?

7 DR. DATTWYLER: I don't know. I mean, I don't
know tlBe answer.

9 DR. POLAND: It is low. It is very low. That
origiddl association was described by work done at the Mayo
Clinidl and it is apparent that it is multi-gene that are
envird@mental effects. I can't give you an exact number, but
I would be surprised if it was more than -- if it predicted
more fidan 30 percent rheumatoid arthritis, and maybe not even
that. 15

16 CHAIRPERSON FERRIERI: Dr. Fleming, how do you
reactl1lfo this type of loose discussion of probabilities? You
have 4Bways held us to such an incredibly high standard. This
must BE really disappointing. He is thinking. Mary Lou
againgOplease?

21 DR. CLEMENTS-MANN: I guess one of the things

we caR?2t really answer in this study is what would happen to
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peoplelwho had the right -- who had the unfortunate allele who
were vaccinated and then developed subsequent infection, maybe
one of3these milder ones that didn't get treated. And that
would #eally be something that would have to be looked at, I
think, Sunder a totally different study design. It is not
clear o me that the vaccine itself, at least based on the
data wd have seen, elicits this kind of adverse event, the
chroni® arthritis. And it may well be that it is really
associ®ted with the actual infection, which is more than just
that dfle antigen exposure. So that that to me is going to be
a sepdttate question of whether the combination of vaccination
and idfection that would occur when it is used on the wide
scalelwithout the surveillance could occur. And that would be
anothdd important question to look at in terms of safety.

15 CHAIRPERSON FERRIERI: Yes. Dr. Snider and
then DH. Hall.

17 DR. SNIDER: Well, just to try to get back to
the gqidéstion and not dance around it as much. I agree with
Mary L&u that we don't know for a fact that the vaccine has
elici®€d any of these -- either one of these episodes of
arthr?iis and paresthesias, but I think we are all worried

about 2fhat. But when the question about safety is raised, it
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is alwdys a relative term. And in this artificial environment
of a clinical trial, we look at the placebo recipients as a
comparBson, but they really aren't going to be the comparison
group #n the real world in the sense that folks are not going
to be bollowed so carefully. So, in fact, there will be in
reality, I would suspect, cases in which EM occurs but it is
not redognized, and so arthritis and neurologic effects occur.
And thB8s is what in the real world we have to balance against
when wé® talk about the safety of the vaccine. It is the
relati®e safety. And that is difficult for us to do because
we dodlt have or at least I don't have the numbers from what
happed® in the real world of people who are not monitored in
the cdBdtext of a clinical trial.

14 CHAIRPERSON FERRIERI: Dr. Poland, did you have
your HA&nd up?

16 DR. POLAND: I was just going to say in regard
to thd7DR question, that is a Phase V study. It is just not
goinglBo be done, I don't think, pre-licensure. On the other
hand, 1¥here probably is an animal study you could do where you
couldZfiyperimmunize human transgenic mice that carry the human
DR4 allele, and that strain exists. And furthermore, they

have 22-- you can induce a syndrome very similar to rheumatoid
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arthrifiis and Lyme disease in them. So that may bear worth
looking into.

3 CHAIRPERSON FERRIERI: Good idea. Dr. Fleming?

4 DR. FLEMING: When I look at the safety issue,
I am ildclined to break it out as to short term and long term.
And I #hink the study conducted as it was in a high quality
fashiof has I think informed us quite a lot about short term.
And wh&t is apparent in short term as I see it is some level
of saféty, but relatively small. We see under solicited
symptdfls a 5 percent increase in rash and arthralgias, for
exampld, which aren't irrelevant but they are generally of
tolerdRBle levels. Dixie raised the issue about whether or not
-- and3I think a very important issue about whether or not the
contrdl here really is a real world control. I will come back
to thdb a little bit more when we talk about efficacy, because
it magbbe that we are missing some of the efficacy because we
are ddlivering a placebo that is really more than a real world
interdéntion, as you point out, because of the careful follow-
up thd® we have and antibiotic use. On the safety, of course,
that B8y mean that we are covering some of the safety
diffefdnces because we are intervening more in the placebo arm

than ®& would in the real world.
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1 In terms of my more substantive concerns here,
they afe relative to the longer term issues. It is somewhat
reassuBing to hear the discussion that we heard just before
the brdak that if there are safety issues or safety concerns
that abe, for example, manifest in terms of chronic arthritis,
that wé should be able to detect those. I remain, though,
somewhdt concerned that if we had been in the position where
we couBd have had a longer term follow-up in larger numbers,
which B am not necessarily advocating because there is a limit
to howOmuch we can request pre-marketing. But I am left with
uncerfidinties about whether there really are, and maybe these
two cdes of paresthesia that we are seeing are in fact a
signal3of something that we would have seen if we had been
able 4d follow longer. So I am left with uncertainties on
that #égard.

16 And then the other issue that has been raised
is will there need to be booster doses. And if we just look
at thd8second year experience from the first year experience,
therel®ertainly is a clue that the higher GMT levels that we
have 20 that second year, which range from 10,000 to 1,000 as
opposed to 1,000 to 100, i.e., the GMT levels are ten-fold

highe22in the second year and protection is 80 percent rather
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than 5Q percent. So there certainly are some clues that there
may well need to be consideration of maintaining proper GMT
levels3and there could well need to be additional boosts. And
obvioudly that would then require subsequent follow-up for
safetybissues that haven't been answered here but presumably
would lbe answered in subsequent trials or post-marketing
surveillance.

8 CHAIRPERSON FERRIERI: Thanks, Tom. Other
discus®ion? Dr. Edwards?

10 DR. EDWARDS: I think we have been talking a
littlélbit over here in this corner about issues related to
the pdfipheral nerve or joint findings on one side,
unilafi@&ral. Is there any possibility that these are related
to thd4injection, like a brachial neuritis or something else?
Becaudé it seemed like at least in one of the cases that all

of thd6symptoms were occurring on the same side as the

injecfifon. I guess -- is there any more information --
18 CHAIRPERSON FERRIERI: Is there any more
inform&tion on this issue? Does anyone -- Dr. Steere, you

might 20e the best to respond to that.

21 DR. STEERE: Well, Vijay, you may want to
commeR®? on this more. But the patient's EMG was normal. So,
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in othér words, in terms of explaining it as a brachial
neurit®s, I don't think it was a brachial neuritis.

3 DR. EDWARDS: But the patient had an injection
in thedleft arm and then all of the symptoms were in the left

upper éxtremity?

6 DR. STEERE: Yes, following the second
injection. Do you want to comment?
8 DR. SIKAND: I can just echo and reinforce.

IndeedP she had the injection IM in the left deltoid, but her
symptdfls were in large joints of the left upper extremity.
And thé& paresthesia were indeed in the left upper extremity,
but sA& had nerve conduction studies which were completely
normal3

14 DR. EDWARDS: And the other patient that
receitéd vaccine and had the paresthesias, was it very much
the sdme in the same arm?

17 DR. SIKAND: That was not my patient.

18 DR. STEERE: No, that was not. That patient
had syfptoms in all four extremities.

20 CHAIRPERSON FERRIERI: Thank you. Further
discu2dion on safety in this age group? Dr. Hall?

22 DR. HALL: I guess there are two parts of this.
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I think at this point we have little evidence that the vaccine
itself2causes any long-term or more serious adverse effects.

I mean3 I have not seen the data in terms of the adverse
effectd except less than 30 days and over 30 days. But I
would Pmagine that most of these occurred in the first couple
of day$. And if it didn't or if there were differences
according to the adverse effect from the first few days to the
latter8days, that may give you some clues. But at this
momentd it doesn't seem that we have much evidence for any
long-i®rm effect. And the second question then that come up
is hypérimmunization as has been raised and the safety of
this, 1&nd that with the additional doses that are so far
obtaiddd or has been given, there is no more and in fact less
in tefMs of the adverse events. So the question really is in
terms 16f booster doses is not one to me at this point so much
of safiéty as of protection and that whether that decline is
goinglfio be as rapid as it may look after the second year and
requi#d a vaccine later. But if you redefine this question as
are dd®a sufficient to support the conclusion that it is safe
for imflunization of individuals 15 to 70 years of age over a
perio@lof two years -- if you time limited it, then that may

be an2@asier question at this point to answer.
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1 CHAIRPERSON FERRIERI: It is my understanding
that tRat is the question that we are addressing. Or not, Dr.
Elkins3 Can you respond to that briefly?

4 DR. ELKINS: Yes, that is the question. Our
expectdtion is that since the indication for this vaccine
would e a 0, 1, 12-month schedule, that we are interested in
commenfs on safety data assuming that schedule use or any
variatBon thereof. That is, some patients may receive only

one do®e and some only two and so forth.

10 CHAIRPERSON FERRIERI: Thank you. Dr.
Dattwiler?
12 DR. DATTWYLER: Can I ask a quick question

then?13Does that mean that the sponsor will have to come back
for ap@groval for additional booster studies and give
additidnal data to get approval -- say a 24-month booster or a
36-moA®th booster or something like that?

17 DR. ELKINS: Yes. The current indication would
be a d48ands and any variation on that would need a supplement
to thd9license application.

20 DR. DATTWYLER: Because one of the points I was
going2fio make later on for question 5 is I think additional

studi&® are absolutely mandatory to look at the effects of
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booste#ts and additional immunization schedules.

2 CHAIRPERSON FERRIERI: Thank you, Dr.
DattwyBer. We will pursue that when we get to question 5.
Any bri#ef points here? Bob? Dr. Daum?

5 DR. DAUM: I am not -- Bob is fine. I am not
sure tlat I heard very much about lot to lot variation in
terms Jf safety considerations. And I don't know if that is
going Bo turn out to be an issue or if the data are there and
presen®ed and I missed them or if the data really aren't there
yet. 1But there are certainly other instances where there are
diffefdnt safety profiles and different lots of other vaccines
that m&ny in this room are well aware of. So that is one
issuelBhat I would -- I was going to save that for
immunddgenicity issues, but it comes up under safety also.

15 CHAIRPERSON FERRIERI: Yes. Dr. Finkelstein?

16 DR. FINKELSTEIN: Just one other point. It
seems1like this is a broad range of ages, and I am not sure
that filBere is very much data in the low age range or the very
high 4&e range. So it would seem that it would be valuable to
get m@Pe of that. Not necessarily prior to marketing, but
eventdlly it would be useful to have that information.

22 CHAIRPERSON FERRIERI: Thank you. Dr.
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Greenbérg?

2 DR. GREENBERG: I just want to bring up that
safety3is twofold. One is the possibility that people will
receivd many more doses of this vaccine, and so we really
haven'® seen what multiple dosing is like. On the other side,
peopleéwill be vaccinated with an initial vaccine regimen and
then gd perhaps for a number of years and not be vaccinated
and thén become susceptible if the decline. And the question
is in ®hat case where you might have T cells that are
sensififzed and not be protected, will there be an altered
respoide. For sure that doesn't happen within the context of
this 2Q@-month experiment, and I don't see any way to get
around3that. But given the immunologic nature of this
diseadd, that is a worry long-term, and it is more of a worry
than édny other types of infectious disease.

16 CHAIRPERSON FERRIERI: Are there additional
preclifical issues that you would want addressed regarding
this d8estion? Is there any more preclinical data that you
wouldlWwant? Dr. Karzon?

20 DR. KARZON: The safety issue here seems to me
to be2tery complicated compared to any vaccine I know that has

been R2Zcensed. And we have unearthed the -- those who did the
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trial Have unearthed some very interesting sinister
possib®lities that may or may not be real. One is that we
have elcluded people with arthritis. I don't know what
percenttage of arthritics have been excluded, but that is a
group bBhat has been a part of the trial. And we can make the
judgmet that the arthritis is not a threat and we don't have
to explore it any further, or we can say since this hasn't
been déne, we can make this a clinical trial.

9 One of the problems I had or questions we can
ask thHé manufacturers is whether they can initiate in any way
a tridl to answer further questions. And the possibility
existd2since the original exclusion has not been satisfied --
we stiBl don't know theoretically whether arthritis patients
will ddt into more trouble if they are vaccinated or not. So
we codbd divide those into two groups and therefore have a
validlplacebo study. I don't know the reality of that
suggedffion itself, but it exists as a possibility.

18 We have said that we have excluded them. We
have A® data on it. And we can now say that to include them
againgOthey need to be studied. How much or how long or in
what ®dy, I think we probably know those pathways.

22 There is a couple of other safety things that
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we donlt know all the answers, and one is problems in AV
functidn. As people get older, and we are going to have more
people3in this age group who will take this wvaccine, AV
dissoc#ations are going to become more common. We don't know
what impact the vaccination has on that system. We have some
data. 6Maybe we need more data. And then something that has
nothing to do with safety, but in a way it does, and that is
how ma®y further doses we need. We know that the half-life of
antibod@y is short after one dose. The half-life from the
curve léhown may be a little flatter and maybe a little longer
afterlthe second dose, which would fit as a physiological
antigd® administration. But we really don't know when and how
many d8ses should be given and whether they offer any safety
issued4dto be, if you will, hyperimmunized.

15 Another safety issue that is there but
unresdbved is the very interesting studies that Dr. Steere did
to shdw what seems to be an autoantibody response. That, I
thinkl8has been very nicely pursued, but we don't know the
finall&swer to that. We don't know the significance of DR4
in a 20atistical sense.

21 I see a lot of reasons why we have a lot of

unsprifg threats. I don't know myself how to best follow
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those 1- what sort of follow-up we need for safety. And as I
said e&rlier, rare events will become common when a million
people3are vaccinated. Furthermore, I can see all kinds of
accusa®ions or allegations of injury that aren't real in this

sort ob setting, and we have to clarify what is real and what

isn't feal. If somebody develops arthritis, well blame it on
the vadcine. That is easy. But the big question I have in my
mind i8 we need follow-up. How to do it is very difficult. I

would Bike to hear others opinions about how this could be
done dfid that is realistic for the manufacturer. I am sure
they dfte just as interested as anybody else to make sure their
produd® is safe and sound and know all the contraindications

and tHABngs that should be watched for.

14 CHAIRPERSON FERRIERI: Thank you, David. Those
are vadby sobering thoughts and analyses. I don't see that we
have Bétter answers that have emerged from the table. There

is a dfsire to try to balance a very reasonable response and
analy28 the data very rationally, but we heard emerging from
severd® people at the table their concerns. No one has yet
sugge&fed that we have extension of the follow-up on the
studi€d that have already been executed or that are in trials.

Is thé@Pe anyone who wants to add to what David has said? I
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might 4dd for the agency that several of us spoke in the
corner2a few minutes ago and thought that it would be
reasondble to propose a sub-trial, if you will, in patients
with cHronic arthritis or joint disease, where you would know
up frodt their DR status and that you would have vaccinees and
placeb®é controls who would be followed for a very long period
of timé&, much beyond the time follow-up in the current 008
study. 8 So that is something very specific that we can offer
up to Pou, Dr. Elkins and other members of CBER.

10 But regarding Dr. Karzon's question to us
commififee members, should we require longer follow-up before
we cafdl2really endorse the safety in this age group, or do you
feel m8re sanguine? There may be quite a bit of dissention
among ldhe table. How do you feel, Dr. Dattwyler?

15 DR. DATTWYLER: Well, unfortunately I think it
is 1liké buying a computer. You know that there is always
goinglfio be something better next month, and the question is
when #8 jump in. I am not sure. I think that they have done
a vert9nice study that has shown that in this 20-month period
in th29 population that there is a reasonable degree of
safet®l But the long-term effects of repeated immunizations

and wR2t is going to happen in subpopulations I think is
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something that needs to be studied. Can that be reasonably
done a2 a post-licensing study or does that withhold
licensBng? That is a tough question and I am not sure I know
the andwer to that. My overall probably answer to the
questidn is, yes, there is enough there based on the data they
suppliéd and then it becomes the agency's problem as far as
what appropriate things to do are. So I am not -- I am
hedging, obviously.

9 CHAIRPERSON FERRIERI: Well, the agency can
come Béck to us, and we will be pursuing this in question 2.
If welAave more boosters, then we are going to need longer

follow2up of that group certainly. I think we need to cut

looselBere. One last comment, and then we are going to vote
on théd4precise question. Dr. Clements-Mann?
15 DR. CLEMENTS-MANN: I guess in the ideal world,

it wodbd be nice to follow vaccinated and placebo people for a
very 1ldng time, but I don't think that that would altogether
be etABcal. TIf you indeed are withholding a vaccine that
wouldl®revent the possibility of Lyme disease and would then
avert28ome of these chronic conditions. So that I think it
might 2he unreasonable to have a fixed placebo group for a long

perio@20f time. And that what would be nice is to follow this
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group 4- as many of the people in this trial for breakthrough
cases 2n the future. Because they are going to get varying
numbers of immunization boosters and so forth. To begin to
unders#and what level of antibody makes them or decline makes
them s®sceptible, and then what kind of disease occurs. It
may be6that there is more modified disease in the vaccinated

or it Way be enhanced, and that would be important

inform&tion.

9 CHAIRPERSON FERRIERI: Thank you. We will
start1@oting then -- yes or no or abstain. Starting with Dr.
Dattwiler.

12 DR. DATTWYLER: Yes.

13 CHAIRPERSON FERRIERI: Dr. Coyle?

14 DR. COYLE: Well, I vote yes with the proviso
that ibis is for a single cycle of three vaccinations. I can

make Aé comment on the people that were excluded and I have a
questildn mark about the elderly.

18 CHAIRPERSON FERRIERI: Fine. Dr. Luft?

19 DR. LUFT: I vote yes with a similar proviso as

well 28 the group in regard to rheumatological conditions.

21 CHAIRPERSON FERRIERI: Thank you. Dr. Broome?
22 DR. BROOME: Yes with the same provisos. And I
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guess 1 think it is important to note that it is not going to
be trivial to figure out what do you do about the ones that
were eRcluded. I think that the endpoint we are talking about
is common enough and poorly defined enough in terms of chronic
arthritis that use of the vaccine in populations that were
excludéd from the trial is going to be difficult to assess.

7 CHAIRPERSON FERRIERI: Dr. Breiman-?

8 DR. BREIMAN: Yes. And I guess we should just
agree 8n the proviso, so we don't all have to say the same
thingl0 But the one thing I would add to that, though, is that
-- andl1lI think Mary Lou may have mentioned this, but one thing
that A&sn't been talked about in great detail is the
impliddtions of vaccinating a patient that is currently
infecidd or just has been infected within the last few weeks,
whichlkould have been another excluded criterion. But given
the adoimmune issues and the possibility that there may be
sort 4F antibody bug relationship there that could contribute,

that 18 a concern too. And again, I am not sure how one would

studyl®hat.
20 CHAIRPERSON FERRIERI: Dr. Eickhoff?
21 DR. EICKHOFF: The same provisional yes. I

think 2y provisional relates to people with chronic arthritis
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and pedple with other serious underlying diseases who are
clearly less likely to be exposed in the first place, and
people3who are beginning to approach that upper limit of age
70. TIdam not sure I have a good feel for the efficacy data by
the timhe we get to the 65 to 70 age range.

6 CHAIRPERSON FERRIERI: So to summarize up to
this pdint, these provisos that we are imposing and leading to
provisBonal affirmative voting includes such issues of age,
the da®a at the two ends of the spectrum, patients with
arthrifis, the suggestions earlier of special studies zeroing
in onlfthis age group as well as the other exclusions that have
been méntioned regarding the recent infection. Dr. Fleming?

13 DR. FLEMING: Essentially similar provisos.
Yes, dHort-term safety is established in those who met
eligiliblity. So obviously additional information is needed in
the cHAfonic joint disease cohort and others who were excluded.
We will talk about that in question 5. I would also say that
this ¥8s is also conditional on the duration of follow-up. So
I remdPn with non-trivial concerns about whether the vaccine
could2fe eliciting or inducing chronic infection over an
intervdl of time that would not have been detected with 12 to

20 mofhs of follow-up. And again in question 5 we will come
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back td additional studies.
2 CHAIRPERSON FERRIERI: Did you mean chronic

infectBon or chronic sequelae?

4 DR. FLEMING: Chronic sequelae —-- excuse me,
chronid® arthritis or chronic sequelae. I am sorry I misspoke.

6 CHAIRPERSON FERRIERI: Fine.

7 DR. FLEMING: And obviously as well if there

are diBferent booster schedules, et cetera, that would have to

be assé&ssed for safety subsequently.

10 CHAIRPERSON FERRIERTI: Steve Kohl?

11 DR. KOHL: Yes with all those provisos.

12 CHAIRPERSON FERRIERI: Dr. Karzon?

13 DR. KARZON: Yes. I can't imagine doing much

bette#4than these individuals that presented this today have
done wbth a very difficult problem. So we have learned an
extradpdinary amount and I like it. But if we ever needed an
intendive follow-up, call it Phase IV if you will, which has
been wérked over carefully and prescribed, that should be
append®d to that approval.

20 CHAIRPERSON FERRIERI: Absolutely. Mrs. Cole?

21 MS. COLE: My vote is yes also, but as

everyB@dy else has stated just limited to the groups that were
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testedlin the trials that as far as I am concerned the safety

is pro¥en in. I would want to see a lot more work done on

this. 3
4 CHAIRPERSON FERRIERI: Dr. Daum?
5 DR. DAUM: At the risk of being a little bit

repetitive, yes, with the proviso that has gone all the way
around?7 But I would also like to point out that it is my
sense Brom hearing the discussion that almost certainly this
vaccin® is going to require additional dosing than the
scheddiDle that was used in the study. And thus I would like to
put adladditional proviso on that I think it should be
evalud®ed, whether 4, 5, or 6 or who knows how many doses is

equally safe or generates similar kind of data to what we have

heardl#oday.

15 CHAIRPERSON FERRIERI: Dr. Finkelstein?

16 DR. FINKELSTEIN: Just a couple of other
providds. One is that I would sort of -- I would like to have

the ad® range actually shrunk in terms of something of the
naturé%9f 20 to 60, because there is not that much in the
other2éxtremes, and there is possibly -- especially in the
elder2y, it is possible there are side effects. And also just

to po22t out that this is not that large a trial. So that
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some off the more rare side effects or complications wouldn't

show ug in this. So there is that aspect of it.

3 CHAIRPERSON FERRIERI: Dr. Clements-Mann?

4 DR. CLEMENTS-MANN: I agree with all of the
provisds, except I don't agree with the lower age range. I

see nob6difference between a 15-year-old and an 18-year-old,
and thdre have been over 300 people enrolled between 15 and
18. 1I8do have the concerns about the older age group as have
been mé&ntioned.

10 CHAIRPERSON FERRIERI: Dr. Greenberg?

11 DR. GREENBERG: I vote yes, and I am not sure
this gfoviso has been thrown out. But this vaccine has the
potentiBal to be like the inactivated measles vaccine, and that
is toldause a late unanticipated event in people who were
vacciddted with a different disease. So there needs to be
very d&reful monitoring, even if there is no boosting of
peopléiover time -- over 5 and 10 years to make sure that they
don'tlB8espond to a secondary infection in a different way.

19 CHAIRPERSON FERRIERI: Dr. Hall?

20 DR. HALL: I would also vote yes and the
provigds seem reasonable. But I think also we should be

realig&®ic that in the real world these provisos are probably
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not going to be very well adhered to. And particularly -- I
can't £ind the entire list that I saw earlier of all the
variou8 exclusion criteria, but I think that would include a
great Many people in our population, and I am not sure that
that would be warranted even.

6 CHAIRPERSON FERRIERI: Dr. Snider?

7 DR. SNIDER: Well, like others I am not
compleBely sure about the absolute long-term safety. But I
will v&te yes based on relative safety compared to the risk of
peopléOin endemic areas going unvaccinated. So I think the
benefifis are on the side of vaccination, at least in the short
term. 12And as mentioned, we don't know in the long-term. And
againlB would emphasize, as others have, that although it is
diffiddlt, this seems to me to be one vaccine where we are
goinglbo have to find a way to do long-term follow-up.

Becaudé it appears that not only are we going to have to be
conceftled about chronic sequelae, but the potential need for
more fiBan one booster dose. One aspect of the exclusions that
peopléShaven't mentioned that is troubling to me has to do
with 20 I understand why I think certain groups were excluded,
but iflcreates for me not only a practical problem but an

ethic22 problem. And particularly with regard to children who
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are atlhigh risk of disease. So I have to wonder what we are
-- I m&an, I know fortunately a trial is underway. But what
is the3ethics of making a vaccine available to certain select
parts df the population and not other deserving parts of the
population who are at risk. So for me it is a lesson of when

thinki®g about designing trials to think about those aspects

as well.

8 CHAIRPERSON FERRIERI: Thank you, Dixie. Dr.
Huang? 9

10 DR. HUANG: I certainly vote yes, and I also

suppo#fi the extension of the vaccine to people 15 years of

age. 12
13 CHAIRPERSON FERRIERI: Dr. Edwards?
14 DR. EDWARDS: I support this. However, I do

have 4&me concerns. I think that we need to very carefully
follou6these individuals. We need to extend at both ends and
both 4de spectrum additional studies and we need to pursue the
long-&rm follow-up very carefully.

19 CHAIRPERSON FERRIERI: Dr. Poland?

20 DR. POLAND: Yes, subject to the provisos that
will @dme up in question 5.

22 CHAIRPERSON FERRIERI: My vote is yes with
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great dmbivalence and also in support of the provisos that
have b@en mentioned with emphasis on the need for long-term
follow3up and additional studies. I might comment that this
is faidly rare for a vaccine to be voted on with so much
ambivabence by everyone with a stack of provisos. Dr.
Hardegtee would be able to confirm whether or not this is
relatively unprecedented. So that is all for the formal vote.
I woul® like to throw out to the committee before we move on
to quedtion 2 the issue of use of Lyme disease vaccine in
thoselWith a previous history of Lyme disease and would like
some dff you to reflect back on the comments made earlier from
the spénsor regarding the risk of second infections and the
suscepBibility

-- thédalleged susceptibility of people who have had one
attackb5of Lyme disease and their susceptibility to second
infeciftons. That is not universally accepted and there are
clinid¥ans in the audience who consider that a relatively
infred8ent event. So what is the committee's reaction to this
and th® use of it in patients with a previous history? Do
they 28ed so much more protection by undergoing a vaccination
serie2? Who would like to lead off on that? Dr. Dattwyler?

22 DR. DATTWYLER: I think that is an issue that
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has tolbe studied very rigorously. If one looks at the
questi@n of autoimmunity and arthritis, it may be that the
demure 3o0f having the bacterium in the joint is necessary for
the dedelopment of significant chronic arthritis. And if you
have that and you prime the T cells with this vaccine, you
might @&ause some difficulty. So I think that that would be --
and I was going to address that in question 5. But that, I
think, 8needs to be studied quite rigorously.

9 CHAIRPERSON FERRIERI: Thank you. Other
commitfifee responses to this? Is there some consensus? A
noddidd of heads or hands on the further studies on this?
Pleasé2don't fall apart now. We are only about a fourth of
the wdy there. Whatever it takes. We will stay as long as we
need #d. If we could push ahead. Dr. Hall and then Dr. Luft.

15 DR. HALL: I am a little confused about the
data filbat was presented that there seemed to be more
unsolidited musculoskeletal events in those who had a history

of Lymi& disease, but that was not so in those who had

confifBed serologic previous disease. Is that correct?
20 CHAIRPERSON FERRIERT: Sponsor? Is that
corre@i?
22 DR. PARENTI: Yes.
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1 DR. HALL: And for those events, what are those
musculd@dskeletal events that were in the unsolicited only in

those Bhat had a history but not confirmed?

4 CHAIRPERSON FERRIERI: Dr. Parenti?
5 DR. PARENTI: Those are the same events that we
saw inothe vaccine. In other words, vaccinees had the

arthralgias in the first couple of days that were transient
and miBd, and that was seen in the people who had previous
Lyme dPBsease population. We saw the same effect in the people
who hdd Western blot positive. Again, vaccinees had the same
shortilived arthralgias. So that accounts for the early
eventd2of arthralgia that I believe were the only differences

betweédd the groups.

14 CHAIRPERSON FERRIERI: But were they greater?
15 DR. PARENTI: 1In the people who were Western
blot pésitive -- if you compare the Western blot positive

peoplé7to the Western blot negative people who were vaccinees,
no thég were not greater. There was no difference in that
populd®ion. If you compare the people with a previous history
of LyiR€ disease to other vaccinees who did not have a previous
histo2¢ of Lyme disease, they were greater. However, if you

also 2&ok at the previous history of Lyme disease people who
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were placebo recipients and compare them to previous Lyme
diseas@ -- oh, I am sorry, to their counterparts, people who
did noB have a previous history of Lyme disease and got
placebd, you also had a higher incidence of events. So the
peopleSwho had previous Lyme disease by their history, whether
they réceived vaccine or placebo, had a higher rate of events.
And th&t includes not only musculoskeletal. They had GI.
They h&d psychiatric complaints as well.

9 CHAIRPERSON FERRIERI: What does that tell you?

10 DR. HALL: How can you explain that. But if
they Hdd confirmed, that does not follow. I mean what is the
dichot@my?

13 DR. PARENTI: I don't know if I want to throw
out alHypothesis on that except that that is what the data
were. 15

16 CHAIRPERSON FERRIERI: Okay. Thank you. Any
other 1fhoughts on this issue very briefly?

18 DR. LUFT: I think I would like to go back to a
remark S9that Dr. Poland made and that is actually the power of
being2&ble to make any assertions in regard to these various
subgr@ips. It is only about 2 percent of the patients who

were va&ccinated that had Western blot confirmed prior
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diseasd, and that is about 100 patients in total. And if you
look a® that group of those patients that possibly could be
DR4 po8itive, you are now talking about 10 to 20. It is a
very small number. And I just have to recall what Allen
Steerebproposed as part of the pathogenetic mechanism. I
don't ®hink we have the numbers to say that there is real
safety7within that group. It is just too small of a group. I
don't Bhink we have the

-- so P have some real reservations about using this wvaccine
in pedpPle who have had prior Lyme disease.

11 CHAIRPERSON FERRIERI: Thank you, Dr. Luft. I
also dRare those concerns very much. Other responses from the
tableldn this issue -- this subtext. Dr. Coyle?

14 DR. COYLE: I'll just mention that it is also
goinglbo make potentially diagnosis of vaccine failures more
diffidelt.

17 CHAIRPERSON FERRIERI: Other reactions from the
commifiBee? Dr. Steere, did you want to add a point of
inform&tion on this issue?

20 DR. STEERE: Well, the only thing that I was
going2fio say is that self-reported Lyme disease may not be

Borrel?a burgdorferi infection.
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1 CHAIRPERSON FERRIERI: That is hard to dispute.
Dr. KoRl, did you have a point here? Otherwise, I think we
should3move on if we are going to accomplish the rest of the
agenda4 We have on the screen as well as in front of you the
secondbquestion. Are the data sufficient to support the
conclu$ion that the vaccine is effective? So we are dealing
now witth efficacy against definite Lyme disease in individuals
15 to B0 years of age when given on this three injection
scheduPe of 0, 1, and 12 months. So we can open up discussion

here dM overall efficacy in this age group with this schedule,

and tHédn we have one other major point to discuss. Dr.
Finkel&tein?
13 DR. FINKELSTEIN: We might be able to avoid

some &# the provisos we have in question 1 if we could start
by saybng limited to the study population, in other words all
the egélusions that were involved in this particular study.

At leddt this time the question does have a schedule, but it

also d@esn't say excluding the following populations.

19 CHAIRPERSON FERRIERI: Discussion first.
Every@fle is speechless. Dr. Greenberg?
21 DR. GREENBERG: I think this answer will be

prettg2clear, but maybe I am misjudging the rest of the board.
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1 CHAIRPERSON FERRIERI: Yes. I think I see a
lot of2heads shaking affirmatively. Does anyone want to add
anythiBfg here or feel confused about the question? Yes, Steve
Kohl? 4

5 DR. KOHL: For all of my negative comments, I
think we need to congratulate the group that did this study.
It is d fairly impressive and extremely well carried out
study. 8 And not only has it taught us about the vaccine, but

it has%taught us a lot about Lyme disease.

10 CHAIRPERSON FERRIERT: Indeed, yes. Dr.
Breimdni?
12 DR. BREIMAN: I guess I was just wondering

about 13- getting a little pickyunish here and focusing on that
actualdage range of 15 to 70. Do we have enough information
about 1the upper end there to say that it is efficacious in the
olderlto 65 or even the 60 to 70 age group?

17 CHAIRPERSON FERRIERI: Well, that is a concern
of setdral people at the table and that has been voiced on
more flan one occasion. Dr. Daum?

20 DR. DAUM: I guess the question is posed in an
approgitiately narrow way that allows at least me to answer

with @Pobably yes. On the other hand, I wasn't very
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overwhdlmed by the data that showed the two-dose efficacy,
hereby2presented as the first year efficacy. So it sounds
like I3guess the first point I would like to make is that it
really4looks like that third dose seemed very important. It
also séems like it is really dependent almost exclusively on
one modality. The response to the vaccine, which is the
amount 7o0f circulating antibody you have. I mean, I really had
the fedling that you've got to have antibody or you just
become 9susceptible again. And you also have the feeling based
on thdlOresponse to wild type infection in terms of anti-OspA
antibddies and also in terms of the very rapid decline of
antibd@y with what almost seems like no goosing in the middle
that fiBere is not going to be a lot of I guess stimulus by
antigdds circulating in the community to existing immunity.

So itlbs a vaccine that is really -- it is immunity that is
predid&ted on having sufficient antibody. And it sounds like,
at leddt based on what I have heard today, that it is pretty
likel¢8that that has got to be provided by the vaccine itself.
I donl1® think we are going to get a population phenomenon with
this ¥d8ccine because I don't think it is ever going to have
the k2Ad of coverage -- I may be wrong -- that you might think

would2@roduce that. And also because there are such huge
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animal lreservoirs, and I don't think that we are the major
source20f organisms or the major target of infected ticks. So
that I3don't think the organism is going to be eradicated and
it is #deally going to depend on -- the continued effectiveness
of thebvaccine is going to depend on the continued personal
maintemwance of antibody. I am trying to think of other
situations where that is absolutely true with the organism
circuld&ting at very high levels like I guess this one would.

I am h®&®rd pressed to think of one quickly where that is true.

10 CHAIRPERSON FERRIERI: Varicella at times. And
that 14 an unresolved issue in terms of long, long-term
immuni®y. Dr. Edwards?

13 DR. EDWARDS: I think we -- I haven't seen and
been dHMle to study carefully any breakdowns of the various
decadés. We saw an overhead that was shown that went over
that, but frankly it was a little hard for me to se. So I
feel 471ittle bit hindered in my ability to look at the
immund@enicity of each decade because I don't think we have
had tiMe to study that. Maybe that would be something that
the FDA with that data could very carefully focus on. If a
prote@fiive level is determined, then see how many people in

each 28e group fall into that and help in that way. But I
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think w#e haven't been able to study the data to address it
perhap2 as well as we should.

3 CHAIRPERSON FERRIERI: Excellent suggestion.
Dr. ElKins, do you have anything to add to the pool of
inform&tion on this to allay the concerns that have been
indica®ted about the age limits here?

7 DR. ELKINS: No, except that it bears
mentio®ing that the efficacy analysis was prospectively
defined® as 15 to 70 year olds. So post hoc analyses by

decadédp for instance, are just that, post hoc.

11 CHAIRPERSON FERRIERI: Is there -- yes, Dr.
Luft?12
13 DR. LUFT: Well, I think one of the other

issuedd4is that there really has been a failure of being able
to idantify the protective antibody. I mean the issue
regardbng the elderly was that actually they had the same GMT
or thdf it was not statistically significantly different than
the yd8nger age groups, yet there is a feeling amongst us that
perhap® they are more susceptible toward disease. And I think
that €at is a major hole, both currently as well as in regard
to boditer mechanisms. When people will be boosted and

wheth@? they will be boosting neutralizing antibody or non-
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neutralizing antibody. And I think that is something of
concern.

3 CHAIRPERSON FERRIERI: Would you be suggesting
that pdst-licensure, if it were licensed, that people in this
age grdup would be followed for a longer period of time? That
those who are already enrolled in one of these studies would

have orflgoing?

8 DR. LUFT: Maybe that would be wise.
9 CHAIRPERSON FERRIERI: Dr. Broome?
10 DR. BROOME: I actually think -- I am not as

pessimistic as Dr. Luft about the possibility of defining an
approdéh to a protective live. I think if you look at the
reverd8 cumulative distribution curves, you can clearly see
diffefdnces in attack rate by difference in post-immune
antibddy level. So that I think whether you use 500 or 1,000,
you cd at least make an approximation of what may be
protedfiive, and I think that will help in looking at the age
groupd8 I am sure there is not enough cases to look at
proted®ion by age, but I think you can get a better cut at
immun&genicity by age.

21 CHAIRPERSON FERRIERI: Someone else along here

have 22hand up? Dr. Fleming and then Dr. Finkelstein and
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Sniderl

2 DR. FLEMING: Well, I think the study has
certaiBly shown efficacy relative to the defined endpoint of
defini#e cases. Looking at what this means or looking at
where the signal is coming from, it is clear that there is a
reductbon of erythema migrans, interestingly at a level that
does sfem to relate to overall antibody level at least
confoulded by year with 50 percent and then the second year 80
percen®®. There is also a reduction in asymptomatic, although
I havé0a harder time understanding what clinically that will
mean fidr the patient.

12 Where I struggle here is related to Dixie's
earlidsB observation about the nature of the control. When I
think1ldf the disease here, my understanding is our intention
is tollave a vaccine whose effect is more than preventing a
rash 4% preventing EM. It is to prevent the overall sequelae
of Lymd infection and those sequelae include the early
dissemBnated disease and the late Lyme disease. And we have
looked%at, for example, a myriad of information on the joint
sympt@fs within a month. There were 107 of those in year one
and 3Q4 of those in year two. And we were looking at those

from &2safety perspective and seeing no difference. But if
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you aldo look at it as is there any evidence from an efficacy
perspe@tive of reducing disseminated infection manifest
througBB these phenomenon, we see no difference. And so I am
left wiath the observation that there is a clear message that I
am redbdcing EM and asymptomatic disease but with no direct
tangibbe evidence of a number of these other sequelae that are
admitt&dly not common, but I would think those that could be
very sBgnificantly of greatest interest. And we are left then
with a9point that Dixie was making. It may be that either
thoselfequelae occur later in time or maybe they would occur
withidlthe 12 to 20-month period, but the control here wasn't
really2real world. The control here was more intensive
follow3up and antibiotic management that maybe itself carried
benefi#d to eliminate some of those other. So we didn't see an
excesdbin the placebo arm.

16 CHAIRPERSON FERRIERI: Right. Exactly.

17 DR. FLEMING: We are left with speculation.
Was ifi8in fact that we did prevent more than EM but the
placeB® did as well because it wasn't real world or are we
preve2fiing EM without any certainty that we are doing more,
that 28 least many of us would think would be of real clinical

imporgance?
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1 CHAIRPERSON FERRIERI: Dr. Finkelstein?

2 DR. FINKELSTEIN: Just one comment, which is
when y8u are dealing with something that has an efficacy of
say ardund 50 percent, like you do for the first year, I have
some cdncern about people changing behavior if they feel that

they ave protected by a vaccine.

7 CHAIRPERSON FERRIERI: Please use the
microp®one.
9 DR. FINKELSTEIN: I have concern about people

feelidd® that they are protected by a vaccine and therefore
changiidg their behavior and being less careful, and prevention
is imp&rtant with this disease. So just making the point that
in thé&3first year the 50 percent efficacy would draw some
conceftd with respect to that.

15 CHAIRPERSON FERRIERI: Dr. Snider?

16 DR. SNIDER: Well, Tom has already made a

coupléd7of my points.

18 CHAIRPERSON FERRIERI: Fine. Then we won't
repeafl 9them.

20 DR. SNIDER: But in getting at some of the
parti@dlar issues for discussion -- what is the appropriate

descr?gtion of overall efficacy results and particularly the
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demonsfiration of protection against asymptomatic infection
given fhe data concerning protection against possible Lyme
diseasd8. I think these are important issues. Again, I agree
with Tdm that the clearest message has to do with protection
agains® definite Lyme disease as measured by EM, of course
with l&boratory confirmation. I am still a little bit
perpleXed about why in the second year the number of such
cases Bncreased in the placebo group but the possible category
in the%asymptomatic sero conversions remained the same. That
stillldefies explanation as far as I can tell.

11 But in terms of wanting to use those data, and
partiddlarly it would be tempting to want to use the
asympfidmatic sero conversion data to talk about efficacy, I
have d4dme concern about using category 2 or 3 in the context
of thil$ study because of the uncertainty about specificity in
categdsby 2. And even, I suppose -- I am not sure what
categdfly 3 means in the context of staying the same from
seasoid8to season while definite cases go up by 50 percent. So
I thidk the safest thing to do would be to go with the
defin®fe cases. I think that is where I would have the
highegft level of confidence in the data. The numbers are

obviok2ly smaller too in category 3.
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1 CHAIRPERSON FERRIERI: Well, that is the
questi@n, the effectiveness against definite Lyme disease.
And I wonder if we could have some assent to moving ahead and
having4a formal vote now. This time we will start on my

right-lhand side with Dr. Poland. Yes, no, or abstain.

6 DR. POLAND: Yes.
7 CHAIRPERSON FERRIERI: Dr. Edwards?
8 DR. EDWARDS: Yes.
9 CHAIRPERSON FERRIERI: Dr. Huang?
10 DR. HUANG: Yes.
11 CHAIRPERSON FERRIERI: Dr. Snider?
12 DR. SNIDER: Yes.
13 CHAIRPERSON FERRIERI: Dr. Hall?
14 DR. HALL: Yes.
15 CHAIRPERSON FERRIERI: Dr. Greenberg?
16 DR. GREENBERG: Yes.
17 CHAIRPERSON FERRIERI: Dr. Clements-Mann?
18 DR. CLEMENTS-MANN: Yes.
19 CHAIRPERSON FERRIERI: Dr. Finkelstein?
20 DR. FINKELSTEIN: Yes.
21 CHAIRPERSON FERRIERI: Dr. Daum?
22 DR. DAUM: Yes, for the duration of the study
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periodlobservation.

2 CHAIRPERSON FERRIERTI: Thank you, Bob. Mrs.
Cole? 3

4 MS. COLE: Yes.

5 CHAIRPERSON FERRIERTI: Dr. Karzon?

6 DR. KARZON: Yes.

7 CHAIRPERSON FERRIERTI: Steve Kohl?

8 DR. KOHL: Yes.

9 CHAIRPERSON FERRIERTI: Dr. Fleming?
10 DR. FLEMING: Yes, for EM. But the study

desigdlwith the placebo as it was I think did not allow us to
assesd2whether there was efficacy relative to the other key
aspectid that are sequelae of Lyme disease.

14 CHAIRPERSON FERRIERI: Good point. Dr. Breiman

or DrlbEickhoff, sorry.

16 DR. EICKHOFF: Yes.

17 CHAIRPERSON FERRIERI: Dr. Breiman?

18 DR. BREIMAN: Yes. But the dosing interval may
not bé&%ptimal. Of course, you are not asking that question.

20 CHAIRPERSON FERRIERI: We are not asking that,

but w&lwill get to that point. Dr. Broome?

22 DR. BROOME: It still means yes for after 3

NEAL R. GROSS 279
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



doses? 1

2 CHAIRPERSON FERRIERI: Yes, that is correct.
Dr. LuBt-?

4 DR. LUFT: Yes, I concur with Dr. Kohl.

5 CHAIRPERSON FERRIERTI: Dr. Coyle?

6 DR. COYLE: Yes, as definite Lyme was defined

for thd time period.

8 CHAIRPERSON FERRIERI: And Dr. Dattwyler?

9 DR. DATTWYLER: Yes, with the suggestion that
therellfe a warning in the first year that it is only 50
percedfl efficacy.

12 CHAIRPERSON FERRIERI: Okay. And for the
recordld my vote is yes as well. There is a subtext to this
questildn that we can maybe deal with briefly because so many
of yodbhave made comments on it. And this is the protection
againd® asymptomatic infection, 2.1 and 2.2. 2.1, as you
might 1femember, was EM without any laboratory confirmation of
Lyme dBsease. And 2.2 was a flu-like illness with Western
blot 4&ro conversion. Any further remarks against this? I
think2We have heard concerns about the interpretation of this
categ@ity and confounding this interpretation is the meaning of

the W&2tern blot data and whether they are -- are they false
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positivtes or not? The issues of possibly other tick-borne

diseas&s. Dr. Daum, did you want to comment on this?
3 DR. DAUM: I think I would rather listen first.
4 CHAIRPERSON FERRIERI: There wasn't anything of
substamce said, perhaps. But for those of you who were

listen®ng, would you like to say anything?

7 DR. DATTWYLER: Just one comment. I think that
2.1 pr@bably does contain some people with real Borrelia
burgdofferi infection. I think the sponsors data would
suppo#® that even in culture-proven cases that not everybody
sero ddnverts. So that the serologic data cannot be used as a
gold 4fandard. And the fact that someone has erythema migrans
and dd8sn't sero convert doesn't mean that that is not a
Borrel#la burgdorferi infection.

15 CHAIRPERSON FERRIERI: Exactly. And then the
issuel&s raised earlier of early treatment which modifies
serolddic response. Any other comments on this? Is that
suffidBent, Dr. Elkins?

19 DR. ELKINS: Yes, thank you.

20 CHAIRPERSON FERRIERI: We will move on then to
the g@dstion on the screen. We will not be voting on this

quest®@n. This is amusing in a sense. Please comment on the
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use of lLyme disease vaccine in persons over 70 years of age.
We havé@ heard the concerns here about whether the efficacy is
as gredt as one would like in someone hovering in that 7th
decade4 But we have not seen data. Dr. Greenberg, on the
greatedbd than 70 years?

6 DR. GREENBERG: Do we know —-- I don't know
anythiflg about the natural history of Lyme disease in the 70
and 808year-old population. I mean, is this a big problem
with mP colleagues? I mean, I know there are elderly in the
northéddst, my mom being one of them. But she hasn't gotten
Lyme disease recently.

12 CHAIRPERSON FERRIERI: Not yet. Who would like
-- any8ne on the panel who would like to speak first and then
we cafddcall upon anyone else.

15 DR. DATTWYLER: As a clinician in an endemic
area, lthe elderly rarely come to us with Lyme disease. It
happedd rarely. The most common age groups are young.

18 CHAIRPERSON FERRIERI: Well, that is
interé&8ting. The activity and out of door activity of many
peopl@0Owho are in their 8th decades is great in many parts of
the c&intry. So do you have any factual data on sero

conve?ion in that age group in your endemic area?
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1 DR. DATTWYLER: No, we have never studied that
populaRion. So unless they are just getting taken care of by
other Beople. We don't see that many people in that age

group. 4 We have no data.

5 CHAIRPERSON FERRIERI: Thank you. Yes, from
our spénsors. Dr. Sikand?
7 DR. SIKAND: Vijay Sikand. I respectfully

disagr&e with the comment from Dr. Dattwyler. As a primary
care pRysician, I see numerous patients in the elderly age
group lwho develop Lyme disease. They get it paradomestically
or thdy get it playing golf or they get it through whatever
they d&@. And indeed a slide presented by Dr. Schoen earlier
on thd3age incidence of Lyme disease I believe it was in
Conned#icut shows a significant number of patients during
everyldecade right up to the age of 90 develop this infection
on anl&nnual basis.

17 CHAIRPERSON FERRIERI: And their presentations
are ndB atypical.

19 DR. SIKAND: 1Indeed, they are more or less the

same 29 much as can be said about Lyme disease, yes.

21 CHAIRPERSON FERRIERI: Thank you, Dr. Sikand.
22 DR. DATTWYLER: Guys like that are seeing them
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and thdt is why we are not.
2 DR. DAUM: Why did you decide to exclude those

people3from the trial?

4 CHAIRPERSON FERRIERI: You didn't want people
who might --
6 DR. SIKAND: I was an investigator and I

followdd the protocol which included individuals up to age 70.
8 CHAIRPERSON FERRIERI: I would imagine the
concer®s about natural death and cardiovascular complications
and sd0on. The sponsors are nodding their heads at that, Bob.
They wdnted to stay away from anything that confound analyses
of oufiCome.
13 DR. SIKAND: Clearly one was looking for a

health¢ population.

15 CHAIRPERSON FERRIERI: Yes, thank you.
16 DR. FLEMING: Just a —-- Bob asked exactly the
questildn that I would have asked as well. If we are

suffidBently concerned about inclusiveness in our eligibility
criteftPa and that is justified, then we ought to be equally
conce?fled about extrapolating results from the trial when it
is doné. Either because in the beginning we didn't think it

was af2plausible that they would benefit or we thought they

NEAL R. GROSS 284
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



might hBe at higher risk. So I am always troubled by the
disconect between having exclusiveness in my eligibility
criterBa and inclusivity in my labeling indication. What, in
fact, #s the substantive reason we didn't include them in the
clinicdl trial that now shouldn't be as much a concern when we
think &f labeling?

7 CHAIRPERSON FERRIERI: Who would like to
respon® to that? Dr. Clements-Mann to this question?

9 DR. CLEMENTS-MANN: Well, I think that if one
were ldoking at a population and the ability, as I think we
are bddinning to see, of being able to follow them long term,
and al2o to select a population that would have the highest
incidéBce of disease, then one might rationally conclude that
that wduld be in the age range selected. I think that to get
around5this question, just as we do with other vaccine
studiés$, one could do a bridging study to see how well people
in thé&é70lder age group respond. And within that age group,
you a#td going to find that those people respond differently.
ProbalhBy there will be the active elderly and then those who
are fPégile or institutionalized who may not need the wvaccine
at al2l So that it may need to be further stratified to see

how tR@y respond. But just in terms of finding an age through
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that 14 active and that is out there exposed to ticks,

probab®y the younger age group would be more likely to be

exposed.
4 CHAIRPERSON FERRIERI: Tom? Dr. Fleming?
5 DR. FLEMING: Mary Lou, would that bridging

study e one based on immunogenicity or would it actually be
efficady? There are some preliminary data, not the age above
70, bu® there are some preliminary data that we would be able
to put 9forward that suggest that there is a trend toward lower
GMTs 49 age increases. We notice that. I think Claire was
noticidg that in particular for the 61 to 70 age range. So if
you ddZ2an immunogenicity study and that trend continues, how
low dd3we tolerate the GMTs and say it is still protective?

14 CHAIRPERSON FERRIERI: Would you please
respoidd, Mary Lou?

16 DR. CLEMENTS-MANN: I think there are a variety
of way}§. With other vaccines, it may take more doses, for
instan®e, to achieve the same GMT. And there is also an
interé&8ting phenomenon that sometimes occurs at that upper age
range 28nd that those are perhaps more fit older people than
the acfiual younger age range. So I think we Jjust have to do

the s2@dy to see how they do respond. Because it may be that
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they rdspond equally as well as the 60 to 70-year-olds or they
may ne&d 4 doses instead of 3 doses.

3 CHAIRPERSON FERRIERTI: If they were very
activeA it may imply they are in good health and their
nutritbon is good which may influence their immunologic
respon$e and so on. So all of these points are intimately
related. Steve? Dr. Kohl?

8 DR. KOHL: And this dovetails with the
necessdty to define a protective level of antibody, which is
one ofi0the critical issues that has, I think, arisen from all
of thdde discussions.

12 CHAIRPERSON FERRIERI: Yes. I am sure that
CBER H&3s heard us. We are saying it again and again. They
and tHd sponsors absolutely need to be working hard on this
issuelb5 Dr. Breiman, did you have your hand up? Anyone else?
Dr. HAd¥bl, and then we are going to move on to question 4.

17 DR. HALL: Is there any evidence that in the
olderlBatients that have Lyme disease that these are
reinfé®tions? Aside from just the GMT, that even early on
that ey have frequency greater of having antibodies previous
to infédction? There are no data?

22 CHAIRPERSON FERRIERI: The patients already
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enrolldad, Caroline, in 008, for example? Do we have any data
to answer Dr. Hall's question? Pardon me? Yes, please.
CaroliBe, could you repeat the question?

4 DR. HALL: I was wondering if the infection in
the older age group, having lived through an endemic say area
for 606years, if those people who then you have mentioned that
have clinical Lyme disease, if those are reinfections or any
eviden®e that they have had previous infections? And if so
and 1t 9is no different, then that gives us some data on some
of thdfe other concerns about reimmunizing and reinfecting.

11 DR. STEERE: I think that it has not been an
endemi@ area for 60 years, or at least the endemic area has
incred8ed. The risk has increased. And consequently someone
who hdd lived there for 10 years or 20 years may have as much
risk 4% someone who has lived there for 60 years or about as
much #Htsk. I do not happen to know the age breakdown of the
sero pdsitive group at study entry.

18 CHAIRPERSON FERRIERI: Thank you. Dr.
Finkel®tein? Just one second. Dr. Parenti?

20 DR. PARENTI: Again, there were only about six
posit®ite people at baseline at study entry. I honestly don't

recall2?their ages. Their titers were extremely low and again
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they didn't boost on getting vaccine.

2 DR. HALL: Or outside of the vaccine study,
just i3 those that are seen older -- older individuals who
have Lyme disease, do we know what their antibody is early on
or i1f Bhey have had reinfection?

6 DR. PARENTI: I don't think that we have that
kind off data that really break it down by age. On the other
hand, what I think is that if you have had erythema migrans
and aré® treated with antibiotic therapy, that sort of person
can g8 infected again. Though I also think that if they do,
therelis usually what seems like an amnestic response and that
the difease is milder. On the other hand, if Lyme disease has
progrés8sed so that you are months into the disease, that sort
of peftdon I believe from my experience has a protective immune
respoid$e and they don't get infected again.

16 CHAIRPERSON FERRIERI: We will move on now.
The nédXt slide, please, question 4. 1In the efficacy trial,
vaccid&tions were given just before the Borrelia burgdorferi
transmPssion season at 0 to 1 month between January 15 and
April2D05. Then 12 months later between approximately February
15 and@1lApril 30. Should a similar seasonal vaccination

sched@le be recommended in the package insert? We will be
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votinglon this issue, but would appreciate anyone who would
like t& open discussion on this. Anyone who disputes that
this vadccination schedule would not be recommended in the
packagd insert based on the data we have, of course? Dr.
Edward$?

6 DR. EDWARDS: I think we are being very careful
about what we agree to based on the study that has been done.
So I t®ink in the same general way that we have been
approa®hing the other issues, that we really need to go with
how thAd study was designed in order to license the vaccine.

11 CHAIRPERSON FERRIERI: Other comments? Yes,

Dr. Eickhoff?

13 DR. EICKHOFF: Well, ordinarily I would think
the addwer to that ought to be no. But Bob Daum has commented
severdb times on the unusual repetivity with which the
antibddy levels decay, and I agree. It seems incredibly fast.
So git&dn the dynamics of the antibody response that we have
seen, 1B don't see how we can do anything other but to

recomt®dnd a seasonally based vaccination schedule.

20 CHAIRPERSON FERRIERI: Dr. Hall?
21 DR. HALL: I think that again in practicality
it is2& good idea to recommend it. The real companion
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questidn is should it be implied if not recommended not to
give i® at other times. Because just like the influenza
vaccind, we can say that it is best to give it at such and
such a4dtime, but if you don't give it then, give it when you
can. Should that be the alternative here?

6 CHAIRPERSON FERRIERI: Any comments on this?
Dr. Daum and then Dr. Kohl.

8 DR. DAUM: First, apologies to Dr. Eickhoff for
being Bepetitive, but I did think it was an important point.
So I Adeded to say it several times, I thought. But it comes
up wifth this issue that two doses produced a relatively low
GMT tHA&t had I think fairly minimal efficacy in the first
seasoid3after the two dose regimen was completed. At least it
wouldd 4t be enough for me as a patient to get excited about
takindgbmy chances with ticks or changing my behavior after
receitbng a two-dose regimen. I don't know whether the
seasoddlity has anything to do with it or not. The point is
that 48meone is going to start their immunization schedule
priorl1®o tick season number one, get the two-dose regimen, but
reallygOnot have that good high efficacy until the third dose
comeszprior to tick season number two. And so I think that

there2®s going to have to be a lot of patient education here
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that tHe two-dose regimen you have just received prior to the
warm w&€ather doesn't allow you to go play in the woods willy
nilly 3nd expect efficacy against this disease. And it is not
going #o be until next year when you get that third dose under
this séhedule that the real high or the relatively high
efficadéy kicks in. And I think that is going to turn out to
be an iImportant issue in the uptake and how people think about
this v&ccine. So I am not sure it is the seasonal vaccination
scheduBe, but it sure looks like that third dose looked pretty
imporfidnt to me.

11 CHAIRPERSON FERRIERI: Well, it is important
and thA& issue of compliance and memory of coming back for your
injecfiBon. So if you are privileged and you are on the
Interddt, then your healthcare system may send out messages
when f&ur next shot is due. But you almost need to be within

a cardo6system that is sending out reminders, memos, post-

cardsl7or e-mail to you. Dr. Fleming?
18 DR. FLEMING: I read the question as should a
simildP® seasonal vaccination schedule be recommended. If it

is in®é&nded to say recommended and not mandated, I can't think
that w4 could say anything -- I could say anything but yes to

recom@&nding it. When we look at the pattern of GMT levels
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and welsee a tenfold higher GMT level in the second year and
we seeZmuch higher efficacy, it certainly is suggestive that
these Bigher GMT levels are potentially predictive of level of
protectdion. And we see that with the schedule as it was
given, Swhen you get it at 1,000 and it is roughly the seasonal
exposupe of when you are still about 600 or 700 and it gets
down td 100, it would suggest to me very strongly that I would
recomménd -- I would exactly agree with Bob. That first year,
you ar® still at risk. But it certainly seems to be
recomi®nded that you get it at a time frame that you are going
to hatéd the higher level during that first year. So I would -
- if fiRe word is recommended rather than mandated, I would
strondBy agree.

14 CHAIRPERSON FERRIERI: Again, we keep hearing
the idSue of levels of antibody. Dr. Coyle?

16 DR. COYLE: Well, I might almost argue that you
have #d give it this way. That you might be in trouble or be
misled®ing if you didn't give it this way. And the difficulty
is thé&9%peculiar seasonality of the infection, the risk of
getti2® infected, and then that the antibody levels seem to be
so cr®fiical. You might be in trouble if you didn't follow

this &8rt of schedule.
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1 CHAIRPERSON FERRIERI: Other comments?
EveryoRe wants to contribute. We will go over to this side of
the talBBle and then I will come back. Harry and then a few
others4

5 DR. GREENBERG: I would just simply say that as
best I6know, there is no other vaccine that takes a year to
develop real efficacy, and I would recommend to the
manufa®&turers that this is not at all optimal. You are asking
somebody to buy into vaccination for a whole year before they
get bédfefit, which is not ideal. I know you are doing trials
to fiddire out a better way of doing it.

12 CHAIRPERSON FERRIERI: Sponsors, you can
respoidd. Please give your name again.

14 DR. KRAUSSE: David Krausse, SmithKline
Beechdh. There are other vaccines which take 7 months to
develdp gold standard immunity. We fully agree with your

statemé&nt that other schedules are to be desired.

18 CHAIRPERSON FERRIERI: Thank you. Dr.
Finkel$tein?
20 DR. FINKELSTEIN: I just wanted to ask the

spons@#t, was it essential to wait that year for the third

boost 28f vaccine? Why does it have to be 0, 1, and then not
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until 12? Is that essential?

2 CHAIRPERSON FERRIERI: Dr. Parenti?

3 DR. PARENTI: The original study design was
thinkidg that we had the two-dose vaccine and the third dose
would Be a booster dose. So that might be it.

6 DR. FINKELSTEIN: So there was no reason why
you coUldn't probably give that third dose after two months or
somethBng? And maybe if you got the efficacy immediately, you
could Protect that first year as well, is that right?

10 DR. PARENTI: Yes. If I could, I will show
some (MTs after three doses.

12 CHAIRPERSON FERRIERTI: I don't think we have
the nd8d for it nor the time right now. Dr. Karzon?

14 DR. KARZON: I think this schedule is astute.
It isldood immunologically. It is good ecologically and it is
soundl6 It gives 50 percent effectiveness the first year and
80 thé&7next year and hits the peak at the right time. I don't

see aiP downside except it is a little unusual, but so is the

diseadsd.

20 CHATIRPERSON FERRIERT: Retort here? Dr.
Finkelitein?

22 DR. FINKELSTEIN: I would just follow up that
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it might be -- I mean, while this is the only trial on which
one corld make recommendations because nothing else has been
presenBed to us, it might be useful for the sponsor to attempt

to do 4 different schedule and improve on this.

5 CHAIRPERSON FERRIERI: They are. They are
working on it. They have other projects ongoing, Dianna. Dr.
Kohl? 7

8 DR. KOHL: What I would like to ask the Lyme
expert® is in other parts of the country -- not the

hyperédfdemic areas but other parts of the country which don't
have 44 clearcut seasonality as the northeast, for instance,
is thé&Pe a slightly different or very different maybe
epidemBology in terms of seasonality of Lyme as there is for
enterdv¥irus, for instance, or other viral diseases?

15 DR. STEERE: Yes. My understanding is that the
disead® is less seasonal in California.

17 CHAIRPERSON FERRIERT: If I could just bring to
your dBtention the alternate schedules that are being
examid®d. 0, 1, and 6 months versus 0, 1, and 12. Other
alterkdétives -- this is the one I particularly like and I hope
the d&fia support my affinity for it -- 0, 1, 2, and 12 months

versug20, 1, and 12 months. So we have a lot to look forward
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to. D#. Coyle?

2 DR. COYLE: Don't you think it is an important
point Bhat if this winds up being approved by the FDA that it
be cledr that people be actively discouraged to use
experimental protocols until you have something documented? I
mean, b don't know if you can say mandated, but you might
really7be in trouble if you switched the schedule. And
grante®, it is far from optimal. That one year of not being
protec®ed 50 percent is poor frankly. But how could you have
peoplélexperimenting with well let me do it once a month for
three litonths. We can't extrapolate. CHAIRPERSON
FERRIERI: Agree. Dr. Snider?

13 DR. SNIDER: Well, let me say that I understand
why bdded on the data we have in front of us we might agree
with fibe recommendation in the package insert should be
exactly the way the study was done. However, when you put the
realififes in front of another committee, such as the advisory
commifiBee on immunization practices with which I have some
famili&rity, or even you put the realities in front of the
clini@fan, the patient who presents for the first time on
April2le for the first dose, or the patient in California who

presefs any time of year outside the range given there, then
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I think some individual judgments are going to have to be
made. 20utside the northern endemic areas -- what about the
southeBn United States? What about the further south you get?
What aMout the seasonality there? It seems to me that a re
commendation based on the way this particular study 008 was
designéd is reasonable to put in the package insert. But I
would Pe very reticent to put in much stronger language to
keep p&ople from using the vaccine in other circumstances
which ®n their clinical judgment may offer great benefits to
the pdfients and offer little risk. I realize there is not a
largeldata base, but often we have to extrapolate.

12 CHAIRPERSON FERRIERI: The word recommended
seems 180 get lots of nods of affirmation at the table. Dr.
Broomé4and then Dr. Luft.

15 DR. BROOME: I think this is a great example of
the p#éblems between efficacy studies and effectiveness
studiég§. I think the schedule was clearly designed to
optimifBe the chances of showing efficacy, not to help a
clinid@Pan have a reasonable schedule option. I think the
impli&&tions for us and for the ACIP is that us, FDA and
advis@ity committee, need to see a really thoughtful analysis

of wha®2 can be learned from the efficacy study about
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surrogdtes. Because I would assume that is how we are going
to move from where we are to where we would like to be. And
so far3 I think there is a lot more that could be mined from
the efflicacy study, although I think it is going to be limited
by thebSway it was designed.

6 CHAIRPERSON FERRIERI: Thank you. Dr. Luft?

7 DR. LUFT: I just -- I don't know whether I
misund®&rstood it, but I think the regimen of 0, 1, and 12 was
really9-- it sounded like it was decided upon post hoc. You
know filat the 12-month immunization was added on. So to kind
of thidk that that is an optimal immunization regimen, perhaps
they 42w that the titers were dropping or whatever. I don't
know. 13But it would be apparent that this is not the optimal
way td4dimmunize. But on the other hand, I think that as Dr.
Daum A®s mentioned over and over, the kinetics or the
dissipg®&tion of this antibody response is really quite
remarkdble as well as the Dboosting effect. And we really
don't1lBave -- or I haven't seen much data as to what the
kinetid®s are that are necessary in order to be able to
optim®Pfe antibody production. So for all I know, maybe you
need 2112-month period of time when you need that boost in

order22o be able to get an optimal antibody response, and I
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think fthat this is really the subject of further studies and
we shodld make that as a recommendation perhaps in number 5 --
questidn 5, I think.

4 CHAIRPERSON FERRIERI: We have already made
that récommendation in number one, I think. Sponsors, please?

6 DR. KRAUSSE: Yes, David Krausse. The study

was prdspectively designed to be a two-year study with a 0, 1,
12 sché&dule. So we should put to bed the idea that this was
retrospPective. That is why we had 95 percent of the subjects
come Béck for the month 12 visit. If we knew that the
efficddy were to be 50 percent after two doses in the first
year, 1@bviously that would not have been the schedule that we
had cA8sen. But we tried to balance convenience to the
vaccidde with the optimal efficacy based on Phase II data and
on anihal data.

16 CHAIRPERSON FERRIERI: Thank you, Dr. Krausse.
I thidK we are ready to cut bait here. We will start voting.
Dr. DdBtwyler, the voting if we can with the precise wording
that 19 on the screen.

20 DR. DATTWYLER: I agree with that with the idea
that firther studies need to be done, which we will discuss, I

guess22Z2next.
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1 CHAIRPERSON FERRIERI: Thank you. Dr. Coyle?
2 DR. COYLE: Yes, I agree. And I might almost
add thdt at least in seasonal areas that they be discouraged

from uding a different formula until there is better data.

5 CHAIRPERSON FERRIERTI: Thank you. Dr. Luft?
6 DR. LUFT: Yes, I concur.

7 CHAIRPERSON FERRIERTI: Dr. Broome?

8 DR. BROOME: Yes. I think, though, that we

have t® be clear that at least for the first season it is a
strondOrecommendation because of the concern that efficacy
wouldlhbe substantially less if you don't follow it.

12 DR. BREIMAN: Yes.

13 CHAIRPERSON FERRIERI: Do I understand you
correddly then, Claire, that you are recommending strongly

that idBjections 1 and 2 be given as stated?

16 DR. BROOME: Until we have further data.

17 CHAIRPERSON FERRIERI: Dr. Eickhoff?

18 DR. EICKHOFF: Yes.

19 DR. DAUM: Dr. Fleming-?

20 DR. FLEMING: Yes.

21 CHAIRPERSON FERRIERI: Dr. Kohl?

22 DR. KOHL: Yes. But I am still concerned about
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geographic specific recommendations.

2 CHAIRPERSON FERRIERI: Thank you. That will be
noted. 3 Dr. Karzon?

4 DR. KARZON: Yes. But obviously the ecology
has tobbe followed. And if the facts are that the epidemicity
is different in Florida than it is in northern Minnesota,
which T wouldn't doubt, that should be discerned and put in
here. 8I think this has to be accompanied by the fact that
this tPial was conducted under these circumstances and that
the gddfl is to maximize the level of antibody at the time of
the cAdllenge. And that regional decisions will have to be
made & modify this. I want to add one other thing. There is
a lot1l8f experience with childhood non-replicating vaccines
that d4priming dose of 0 and one month or 0 and 2 months is a
commod Spattern and then a longer interval for a booster. If
you l1ldsék at the efficacy of boosters prior to say 3 months,
you gédff a poor response. You get an additive effect and not a
boostéB response. But if you wait a minimum of about six
monthd® with a variety of non-replicating antigens you get a
good BdOost. The 12 months is simply a prolongation of the six
monthg&,l so it works fine. But this has to be verified

experP@entally. I think some intermediate experiments are
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going filo have to be done in children or where the epidemicity

is suck that it is perennial to see what minimal time has to

pass b8&fore you can give a third booster dose.

CHAIRPERSON FERRIERI: Thank you. Mrs. Cole?
MS. COLE: Yes.
CHAIRPERSON FERRIERI: Dr. Daum?

DR. DAUM: Yes. I like very much the point of

Dr. Kaszon that pointed out that the reason for the

recomméndation was that the study that documented the efficacy

was péfformed in this way and would even go a step further and

say tHdt other regimens at this moment have not been evaluated

and tA&t that is the reason for the recommendation.

13

14

15

16

CHAIRPERSON FERRIERI: Dr. Finkelstein?
DR. FINKELSTEIN: Yes.
CHAIRPERSON FERRIERI: Dr. Clements-Mann?

DR. CLEMENTS-MANN: Yes, and hopefully this

recomé&ndation will actually spurn the company to identify the

levell8f antibody and do the bridging studies so that we can

get al®¥accine that will achieve the 80 percent effective level

in th&0first year.

21

22

(202) 234-4433

CHAIRPERSON FERRIERI: Dr. Greenberg?

DR. GREENBERG: Yes.
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1 CHAIRPERSON FERRIERI: Dr. Hall?

2 DR. HALL: Yes, and I am still concerned about
the woBding and how this will be set in that there will be no
-— or #here will be a lack of guidelines for those instances
which may be the majority of instances in which the patient
does nét present at exactly the right time or where there is
geographic variation of risk.

8 CHAIRPERSON FERRIERI: Do you consider that

clinic®l judgment could be inserted here in terms of best

Jjudgméft?

11 DR. HALL: Well, there will be some guidelines
needed?

13 CHAIRPERSON FERRIERI: Thank you.

14 DR. HALL: This would be optimal given the

situafibon of this particular study. But what do we have to
offer 1the rest of the world?
17 CHAIRPERSON FERRIERI: Thank you. Dr. Snider?
18 DR. SNIDER: I would say yes. I would agree
with d49lot of the comments that David Karzon made. And I
guess2the caveat I would also have in addition to the clinical
judgm@&it is that this would apply where Lyme disease 1is

seasoal. If it is not seasonal, I think you would adhere to
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the inflervals because that is what we know. But I don't see
any poZnt in adhering to a seasonal vaccination schedule if

Lyme dBsease is not seasonal in that particular area.

4 CHAIRPERSON FERRIERI: Okay. Dr. Huang?
5 DR. HUANG: I concur with all the previous
comments .

7 CHAIRPERSON FERRIERI: Dr. Edwards?

8 DR. EDWARDS: Yes.

9 CHAIRPERSON FERRIERI: Dr. Poland?
10 DR. POLAND: Yes.
11 CHAIRPERSON FERRIERI: And for the record, my

vote 12 yes as well. We will move on to the next slide and
the 148t question.

14 DR. ELKINS: Dr. Ferrieri?

15 CHAIRPERSON FERRIERI: Yes.

16 DR. ELKINS: If I could offer a point of
clarification. I sense frustration on the part of the
commifiBee and we share that. I know the sponsor does
concet®ing studies on the serologic correlate. We happen to
have Bfre an unusual situation in which the efficacy data
becam@lavailable well in advance of the complete analysis of

the s@fological correlate. And given the nature of the
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efficady data, we thought we would be remiss to not bring it
forwar@ as it stands. But I assure you that those data will
be forBhcoming and you will have them to look forward to in
the fu#ure I believe.

5 CHAIRPERSON FERRIERI: Thank you, Dr. Elkins.
The quéstion is are there any additional studies that should
be perflormed by the sponsor. We have already proposed a
couple8of them. One of them that dealt with chronic joint
diseas® patients and patients with other arthritides and gave
more détails of our requirements than you might ever want to
hear. 11And we have also proposed the long-term duration
studié® for booster patients who are enrolled in some of these
otherl18tudies as well as new studies that might be proposed
for bddsters. And then thirdly what we have just heard that
becaud® of the ephemeral nature of antibody responses in many
patiedts that we are eager to see this type of antibody data
and cdfirelation as well and long-term follow-up on this in
terms 18f immune protection. So I will open this up for
respoides to the other issues that Dr. Elkins mentioned to us,
and tRDs included the rare adverse events studies and secondly
studi€d in children. I would like the committee to respond in

parti@@lar to how their interpretation of the data they have
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heard floday in general would impact any guidelines that we
would Zecommend for the conduct of these studies in children
under Bhe age of 15. So I would like to get some responses
from ydu. I know you may be tired and the hour is late, but
we arebalmost at the finish point. Dr. Finkelstein?

6 DR. FINKELSTEIN: I think in your list that I
don't Think I heard the elderly age group.

8 CHAIRPERSON FERRIERI: Yes. That was among the
ones tWat we have proposed.

10 DR. FINKELSTEIN: And also other schedules.

11 CHAIRPERSON FERRIERI: Correct. Any other
respoifes to the issues we haven't discussed yet? We have
discud8ed quite a bit on the other. Yes, Dr. Clements-Mann?

14 DR. CLEMENTS-MANN: Just out of curiosity, what
schedibe were the placebo recipients given the vaccine?

16 CHAIRPERSON FERRIERI: Dr. Parenti?

17 DR. PARENTI: I am sorry, I answered too fast.
The pl&cebo subjects were subsequently transferred into
severdD other studies. Some looked at four doses of 0, 1, 2
versug0l, 12. Some got 0, 1, 12.

21 CHAIRPERSON FERRIERI: Let us tackle maybe the

issue28@f rare adverse events and how you would like to proceed
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to gather more data. Dr. Edwards?

2 DR. EDWARDS: Is there any data regarding the
antibody levels to these proteins in children that have
arthri#dis? Are the patterns that are seen in pediatric cases
differént than those in adults?

6 DR. STEERE: You mean in the natural history of
the difease?

8 DR. EDWARDS: Correct.

9 DR. STEERE: Arthritis may be milder in very
youngl€éhildren of 2, 3, or 4. But once you get past that
pointllit seems quite similar to what you see in adults, both
clinid®lly and serologically.

13 CHAIRPERSON FERRIERI: Yes, Dr. Breiman?

14 DR. BREIMAN: I think we need something on the
order 16f what we had with the large link data base to follow
theselpatients. The problem with at least my understanding of
the cifrent formulation of the vaccine safety data link or the
largelBink data base is that it is mostly on the West Coast,
or I iRink it is entirely on the West Coast. But it seems to
me tha having some kind of registry that keeps records of
immun®iation status and then both adverse short-term as well

as loRg-term events is something that we need. We need that
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not only for this vaccine actually, but this is one situation
where 2t would be very helpful. How to bring that about and
who wo3ld be responsible for implementing such a registry is
anothed question, I guess. But it seems to me that we are not
going Ho get these questions answered in a pre-licensure
situatbon and it is going to fall now on the next phase.

7 CHAIRPERSON FERRIERI: True. Dr. Luft?

8 DR. LUFT: Well one I think very large issue,
and I &m not sure it is within the purview of this group, is
that file sero diagnosis for Lyme disease in the wvaccinated
patiedfl population has become extremely difficult and very
expend®ve as a result of this vaccine. What is happening is
that 4Bl current ELISA's will no longer be useful and that we
will Adve to use Western blot, which is a very costly
diagndstic test for the primary diagnosis of patients. And I
think1lhat there has to be some work done for the development
of new7diagnostic testing as well as new diagnostic criteria
for tAB8s particular patient population. It is going to become
a verit9cumbersome and expensive venture.

20 CHAIRPERSON FERRIERI: We need a little
micro@Aip and the ability to do PCR by automation. And that

is nof2an idle dream. Dr. Broome? That will come.
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1 DR. BROOME: Just a couple more comments on the
safety2issue vis—-a-vis chronic arthritis or the chronic
arthriBis population. I think it would be very useful to do
some rdalistic sample size estimates either looking at what is
our comfort level with data from the efficacy study in terms
of probected frequencies of DR susceptibles, projected
frequeficies of annual progression to severe disease, and
whetheB or not you would detect an increased frequency of that
within9the sample size studied. I think those calculations
couldldlso be helpful in saying whether or not it is feasible
to dold prospective study within the groups excluded from the
triall2 I just have no idea whether that is -- you know, what
order 18f magnitude are we talking about for sample size and
how fédsible such a study would be given that you were dealing
-- iflgou were dealing with a licensed product. If it is not
eitheft6logistically or ethically feasible to do it in a
prospédtive controlled fashion, then I think rather than what
Rob i48calling a registry, I think what we really mean is a
defind@® data base which identifies both vaccine history and
disea2dé outcome history in a substantial population. I think
what W& are saying is that passive surveillance is not going

to an@wer this question in terms of the complexity of deciding
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whethe# or not vaccination is or is not associated with
chroni@ arthritic.

3 CHAIRPERSON FERRIERI: Thank you, Claire.

There dre six of us on the committee who are pediatricians, so
I would like to really squeeze you on your ideas on the
vaccin&tion studies in children, whether they are already
initiafled, the direction they will go, what types of
guidelBnes would you impose on these studies. Dr. Kohl?

9 DR. KOHL: Maybe I am missing the boat, but I
thinklfnce we get reasonable antibody correlates, we need to
defindlin children what optimal schedules are that will give
us hidR and sustained levels of those antibodies as best as
possibhBe. The company is starting to do that, and I would
urge fidem to continue to do that.

15 CHAIRPERSON FERRIERI: And regarding safety
issued® Anyone? Dr. Edwards?

17 DR. EDWARDS: Well, I think it would have been
nice #8 have looked at the data much more completely than it
was sifiply presented. So I think that that might be something
that wé could do. If we could see the data and go over it
more @drefully and get some idea what the reaction rates were,

wheth@? arthralgia was seen and also some of the issues
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regarding other safety parameters and the numbers of patients.
I thinR it would be helpful to be able to look at that data
much m3re completely.

4 CHAIRPERSON FERRIERI: Thank you. Other points
on thi$ specific issue? Dr. Daum?

6 DR. DAUM: If this going to be used for
childr&n who are receiving this vaccine at a time when they
are re@eiving other routinely recommended diseases, there may
be som® vaccine antigen interference issues that need to be
addredfed as well and that needs to be thought through
carefilly.

12 CHAIRPERSON FERRIERI: Very excellent point.
Beford3I call on Dr. Huang, do any of the other pediatricians

want fid comment on this theme?

15 DR. HALL: Yes.
16 CHAIRPERSON FERRIERI: Yes, Dr. Hall?
17 DR. HALL: Just mentioning the same thing. Not

only il8e combination of vaccines being given with other
vaccidds. But in the schedules that are to be looked at to
consi@®r what the current vaccination schedule is and whether
that @dn fit in in any way with it. That is important in

compl®@nce.
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1 CHAIRPERSON FERRIERI: Agreed. Any comments on
this i2sue? Dr. Karzon, the pediatric trials, safety, et
ceteral

4 DR. KARZON: Well, we have big experience in
putting new vaccines into children. We usually do it in
adults6and gain some appreciation of the correlates of
immuniffly so that you have some endpoints. And then you start
in chiBdren 5 and above and then you get down to the younger
ages. 9%0n several grounds, little children are going to be
diffe#édnt in their reactivity and their immunogenicity, so you
work ddéwnwards in terms of safety and discovering an optimal
scheddile. But as I said, it is classical to end up with two
doses 1land then an interval and then another dose. Then the
last fiHing you have to do, as has been mentioned, is correlate
it wifilh other immunogens given in the children's period.

16 CHAIRPERSON FERRIERI: Dr. Kohl?

17 DR. KOHL: This one may be a little bit
diffe#ént because the epidemiology may be different. And I
guessl®gain I will ask Allen and others in the audience. We
probalBly don't see much Lyme disease under the age of a year,
probakly not even under the age of a year-and-a-half. And

this B2y not be a vaccine that we want to start in the infant.
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This mdy be a vaccine we want to start in a one or two-year-
old, wRich would be quite a departure from our routine
immunizdation schedules.

4 CHAIRPERSON FERRIERI: Thank you. Dr. Huang
and thén Dr. Snider.

6 DR. HUANG: Well, I am certainly not talking
from tHe perspective of a pediatrician, but in listening to
the comlments here, I wanted to say that this has been an
extraofdinarily difficult decision for many of us, and I think
the cdfiments have been very carefully thought out. But if we
step Bdck and really look at this particular vaccine, it 1is
sometA®ng that has an unusual three-shot deal for one season
of prdBection, and it may end up having some long-term
sequelde that we now have no ideas about. But because of both
humordb and T cell involvement, there is something to worry
aboutl6 So in looking at this and for what we are getting out
of thig, I would say that for those who are in the process of
develdBing this vaccine and getting it licensed, not to sell
it immiédiately tomorrow and push it as hard as you can for all
the m@fley you can get. But that it may be worthwhile getting
a lit®le bit more data and getting better timing and

sched@2ing of the dosages and the amounts and just waiting a
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littlelbit longer may not hurt. I know that we all voted yes
on many of these issues and I know that I did it because I
know tBat there is tremendous public interest and pressure on
this. And that, yes, we do have a vaccine that I am

comfortable with, but it is not something that I would push

tomorréw.
7 CHAIRPERSON FERRIERI: Dr. Snider?
8 DR. SNIDER: I was going to make the same

commen® that Dr. Kohl made about perhaps we don't need to do
this 16 young children. Often we are concerned about the
issueldf dealing with premature infants, and I don't think in
this pg&rticular case that there would be an issue there. But
it ocdBrs to me that there is another group and that is the
pregnddt women that I hadn't heard whether they were included
in thé&btrial or not and whether we had any information. I
didn'fi6see a specific exclusion on the list I saw, but maybe I
was odlly looking at the short list and not the long list.

18 CHAIRPERSON FERRIERI: There were cautions.
Dr. K#&usse, could you respond to that?

20 DR. KRAUSSE: Pregnant women were excluded from
the t2lal. And also in response to Dr. Huang, I think that we

agree2with you that safety studies are necessary to do in
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childrédn. I think we have proceeded very cautiously. On the
other Rand, I will say that many of the subjects in the trial,
and prd8bably Dr. Sikand can speak to it better than I, were
very, ¥ery anxious for their children to participate in

trials5 So we have a long list of children who are waiting to

partichpate.
7 CHAIRPERSON FERRIERI: Thank you. Dr. Daum?
8 DR. DAUM: I guess to return to something I
mentio®ed before. I would like to see some OspA gene

monitdfing as this program goes forward. And particularly I
guess lithe points to consider would be twofold. One would be
from p&ople who are vaccine failures, whether the OspA gene in
that 48rain has mutated. 1If they are failure isolates, it
might lde interesting to look at them. And then secondly -- so
I guedd I would make an extra effort to get failure isolates.
I gued$ that is the first thing I am saying. And then the
second7thing is that it might be worthwhile maybe on an annual
basisl1lBo take a subset of strains and just have a look and
make d489re that those regions which strike me as very, very
conse?Ped remain that way under antibody pressure.

21 CHAIRPERSON FERRIERI: Thank you. The sponsors

would2Pike to respond to that. Dr. Lobet?
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1 DR. LOBET: Yes, we have already sequenced the
OspA géne from 80 different strains that were collected during
the efBicacy trial. 20 of these strains were coming from the
vaccindes or the breakthrough cases. So those are basically
all thé strains that are available. And we see basically no
differénce between those strains and any of the other known
straing that were known previously -- those that I mentioned,
N4297 &nd so on. You have basically variations in three
positidns. For each of these three positions in most cases
thereldre just two possible amino acids. You have actually
five different categories and those correspond to different
combid®tions of those variations.

13 DR. DAUM: That is wonderfully reassuring. And
now thAdt you have proposed to give the vaccine to millions of
peoplép you may see something different. So all I am asking
for id6that it be monitored and thought about.

17 CHAIRPERSON FERRIERI: Dr. Clements-Mann-?

18 DR. CLEMENTS-MANN: I realize this is probably
obviod®, but it would seem that perhaps a better adjuvant
might 2lelp make the vaccine more immunogenic and reduce the
numbe?Zlof doses.

22 CHAIRPERSON FERRIERI: Would sponsors like to
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respond to that? Well, it is an item that requires further
examin@tion surely. We are straying into highly secret
territd8ries perhaps. There are many other people who had
their Hands up. Those of you who haven't had a chance to say
much téday, any of you here yet?

6 DR. SNIDER: I wanted to follow up on the
pregnaft women issue because it comes back then to who this is
going Bo be recommended for. Because if women of childbearing
age or9women who are pregnant or planning to become pregnant
or whdOmay become pregnant are also on the exclusion category,
that d&duld be a fairly large number of people from whom the
vaccid@ will be held. So it is not a trivial issue. I am
sorrylB didn't get it in earlier.

14 CHAIRPERSON FERRIERI: That is all right. In
the p#dposed package insert, I thought this issue was
addred$ed. Would sponsors like to clarify that point? I
don't lfemember it verbatim. But there were several lines
writté® in to cover all possibilities, although as they have
said 1® the trials they were excluded. Dr. Krausse?

20 DR. KRAUSSE: Well, I am not aware of too many
vaccié studies that the first go around that pregnant women

are va@cinated. Of course, it is a recombinant protein and
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not anlattenuated bacterial or particle. The FDA has already
asked @s to perform one additional preclinical study, which we
have adreed to do. That is it.

4 CHAIRPERSON FERRIERTI: In the -- if I might
read fbom this, I don't know whether it is still valid or will
be next®t week. But it indicates some caution on teratogenic
effectd in pregnancy category C. It is not known whether
LYMEri® can cause fetal harm when administered to pregnant
women &r can affect reproduction capacity. It should be given
to a pfegnant woman only if clearly needed. Comments on
nursiidd mothers and caution when administered to a nursing
womenl?2 So the package insert does not exclude its use and
indicdBes if clearly needed. So it becomes a judgment call.
Does EHEA wish to comment further on this and how the agency
wouldl5- what the party line would be from the agency on this
givenl®ll that we know about this wvaccine?

17 DR. SNIDER: I was just concerned because we
had, 18think, gone on record as being very conservative in
terms 18f how we were recommending this in the context of how
it wa20used in the trial.

21 CHAIRPERSON FERRIERI: Right. Dr. Elkins or

one of2you from the agency wish to respond?
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1 DR. KRAUSSE: Well, actually I think I will let
Dr. Ha?Zdegree.

3 DR. HARDEGREE: I think that it is important to
recognize that the package enclosure document that you have in
front &f you is one that has been proposed. We are taking all
considération of comments that people are making here and any
additidnal data we have. But we do share your concerns about
this ré&cognizing that it is likely to be used and there is no
data. 9I think we have to state when we don't have
inform&tion.

11 CHAIRPERSON FERRIERI: Further comments on this

very iMportant issue? Dr. Greenberg?

13 DR. GREENBERG: My comment is not related to
pregnddcy.
15 CHAIRPERSON FERRIERI: Any further issues on

pregndmwcy? Dr. Luft? And then we will come back to you.

17 DR. LUFT: I think it is important to realize
that iBis vaccine has a built in adjuvant in it. I mean, it
is a l1Ppoprotein and I am not sure how many vaccines are out
there2fhat are lipoprotein that has a variety of immunogenic
activPiy in itself and how that might affect either the fetus

or th&2reproductive status of the individual is really
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unknowd. So I would be very -- I would approach that whole
issue &s to vaccinating someone with a lipoprotein with real
cautiold. Just because we don't have any data in that regard.

4 CHAIRPERSON FERRIERI: I would just reemphasize
what DbH. Krausse says that this was not some intentional --
well, ygou don't have to include pregnant women and children in
all vadcine trials obviously. Dr. Greenberg?

8 DR. GREENBERG: I just want to reemphasize what
Dr. Br&ome said. I have enough concern about the safety here
that 40mply passive surveillance will not be adequate and that
I really want some form of active system built in that is
reasodably enduring that can follow vaccinees over a period of
time d48d look for associations with arthritic complications.

14 CHAIRPERSON FERRIERI: Other important points?
Dr. Fléming?

16 DR. FLEMING: I am delighted to hear that. I
wanted7to basically reiterate the same. Both Rob and Claire
some fiBme ago had raised this issue that the long-term follow-
up he#d® beyond this 12 to 20-month framework for both efficacy
and szflety is really key and what is being suggested here is
more PHan a passive surveillance approach. Rob, I think, used

the c@Rcepts of large link data bases or registries, and
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Clairelhad said it certainly should be active. And I think
what sBe was saying, or at least in my own words, in addition
to an &ctive surveillance of these individuals who are
vaccindted, it will really be important to try to gather some
referedce information or other sources of data that would
allow ®s to get better clues about levels of risk of
significant disease-related events as well as vaccine-related
events8 We need the disease-related events -- we need to know
natura® history basically to be able to put into proper
contez what we are going to be seeing with this active
survelllance so that we can see whether or not we are
incred®ing beyond natural levels of risk, or better yet
decreds8ing, which is additional evidence of efficacy beyond
just pdeventing EM. So I would endorse what I now have heard
threeldther folks saying, that this level of follow-up should
be acfitve and it should make an attempt to include additional
sourcéd of information to put into context what should have
been d4€en in natural history in the absence of the vaccine.

19 CHAIRPERSON FERRIERI: Any other final points
befor&0I summarize? Dr. Poland?

21 DR. POLAND: Again, I will raise the point that

I thifR one could prospectively and efficiently enroll people
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known flo be DR4 and hyperimmunize them in an attempt to try to
rapidly get at the idea of whether with repeated doses they
might Suffer some rheumatic effect. This could also be done
in tradsgenic mice with human DR4. And the other point that I
would make is that I think vaccine failures should be HLA
typed. 6 There may be some valuable information there. And
lastly,] there are more than just DR associations with
rheumaBoid arthritis. There are also DQ associations and we
haven'® heard anything about DQ. And it might be important
and idferesting to look not only at DR but DOQ.

11 CHAIRPERSON FERRIERI: Thank you. On behalf of
the cdfmittee members, I want to thank the sponsors for the
presedBations. I think that there is a consensus of the
commitfidee that these are very carefully carried out studies.
This wd&s obviously a very controversial subject and we have
exhaudted many, many aspects of it. A great deal of caution
was iftdrated by most of us and the endorsement regarding
safety¥8was with considerable ambivalence, but in general there
was cd®¥sensus.

20 The major issues that confront us and that I
think2@ill be followed through by CBER as well in

collalB@ration with the sponsor include the critical issues

NEAL R. GROSS 323
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433



indicafied on active surveillance, the adequacy of long-term
and th& need for long-term follow-up, the optimization of
duratidn of protection, a better understanding of what the
best sdhedules would be to lead to the most immunologic
protection, and very importantly certainly a better
understanding of what the immunity to this organism is. We
have mdde suggestions on examining older age groups, pursuing
the st8dies in children by optimizing schedules and a better
unders®anding of antibody data as it would apply to them. A
great l@oncern about safety issues as it applies to the
pediafiftic studies, and the possibility of these rare events,
at led2t acknowledged as rare in the moment in patients who
may hd®e a particular susceptibility or have a genetic profile
such 44 their DR allelic status, and a better understanding of
vaccidé combinations and any conflicts that would proceed from
additidén of this to a very complex and burdensome immunization
schedile already in children. There are other issues that I
won'tlBursue that you have heard us present. We look forward
to did®@ussing this issue with you again hopefully at a later
date. 20Thank you all.

21 (Whereupon, at 6:15 p.m., the meeting was

concli@ed.)
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