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1.0  Introduction and Overview

1.1 Executive Summary

The purpose of this document is to provide an overview of the developmental and
regulatory history of LYMErix® [Lyme Disease Vaccine (Recombinant OspA)] from
initial IND (Investigational New Drug Application) to the present, with particular
emphasis on its safety profile.

Section 1 provides background information on Lyme disease (LD) itself, the vaccine, and
the regulatory history, which includes interactions between SmithKline Beecham
Biologicals (SBBio), its advisors, and The Agency.

Section 2 provides a summary of the data, specific issues of interest, and overall safety
assessment for LYMErix that supported licensure and launch.

Section 3 addresses the post licensure commitments and the activities that were instituted
in order to continue and expand safety assessment, together with the current view of the
safety profile of LYMErix.  Several of the commitments, especially those which were to
be accomplished in the short-term post approval, are completed; others, which were to
take longer to accomplish have been implemented and are ongoing.  Efforts are underway
to enhance the enrollment of subjects in a post marketing safety assessment cohort study
being conducted out of Harvard Pilgrim Health Care (HPHC).

As a result of post marketing experience, two changes to the safety section of labeling are
being proposed:  one describes the reporting of concomitantly occurring symptoms,
already individually described in the product label; the other describes the occurrence of
hypersensitivity reactions not previously observed in clinical trials.  The proposed
labeling changes have been shared with The Agency and are being prepared for
submission; they are also described in this document (see Sections 3.6.1 and 3.6.2).

As compared to the safety profile of LYMErix at approval, data from post marketing
surveillance (PMS) and Phase IV studies do not indicate any additional safety concerns.

To date, available results do not indicate any increased incidence of an inflammatory
arthropathy or chronic neurologic events, nor do they provide support for theoretical
concerns.

Finally, additional clinical trials being conducted since licensure have not brought to light
any novel safety concerns to date.

LYMErix January 31 VRBPAC Meeting Briefing Document 000006



Note:  A full copy of the current Product Information (PI) for LYMErix, together with
associated references, is provided in Attachment 1.

1.2 Background

1.2.1 Lyme Disease

Lyme disease is a multisystem disease caused by infection with the bacterial spirochete,
Borrelia  burgdorferi (B. b.), which is transmitted by Ixodes ticks.  Since its recognition
in 1975, LD has become the most commonly diagnosed vector-borne disease in the
United States, with over 99,000 cases reported to the Centers for Disease Control and
Prevention (CDC) from 1982 to 1996.  Although most cases have been reported in the
Northeast, upper Midwest and Pacific coastal areas of the United States, infections have
been reported in almost all states (see map below).

The early stage of LD is usually characterized by a rash (erythema migrans) and may be
accompanied by fever, fatigue, myalgias and/or arthralgias. Early disseminated
manifestations include secondary skin lesions, neurologic involvement, cardiac
involvement, and musculoskeletal symptoms usually consisting of migratory pain in
joints and the surrounding soft tissue structures.   Late stage disease occurs months to
years after initial infection and may be manifested as chronic arthritis, chronic neurologic
abnormalities or acrodermatitis chronica atrophicans. Not all patients with LD have this
characteristic progression of symptoms. Late stage disease usually requires more
intensive therapy and may result in permanent sequelae.

Currently, there are no clinically proven methods to control enzootic B. b. infection or to
prevent its spread.  Personal protection measures to avoid tick bites are cumbersome,
inconvenient and infrequently implemented, and are thus largely ineffective in
eliminating the risk of LD in endemic regions.  Moreover, late stage disease may result
from early disease that is either unrecognized or fails to respond to treatment, or from
asymptomatic infection.  As a result of these factors, the introduction of a preventive
vaccine was considered to be a critical approach to the primary prevention of LD in the
United States.

LYMErix January 31 VRBPAC Meeting Briefing Document 000007



For additional information on LD and its epidemiology, please refer to the PI provided as
Attachment 1.

1.2.2 Description of the Vaccine

LYMErix is a noninfectious recombinant vaccine developed and manufactured by SBBio.
The vaccine contains lipoprotein OspA (Lipo-OspA), an outer surface protein of B. b.
sensu stricto ZS7, as expressed by Escherichia coli.

Each 0.5 mL dose of vaccine consists of 30 mcg of Lipo-OspA adsorbed onto 0.5 mg
aluminum (as aluminum hydroxide).  Each dose of the vaccine preparation contains 10
mM phosphate buffered saline and 2.5 mg of 2-phenoxyethanol, a bacteriostatic agent.

Primary immunization against LD consists of a 30 mcg/0.5 mL dose of LYMErix given
by the intramuscular (i.m.) route at 0, 1 and 12 months.  The vaccine is currently
indicated for active immunization against LD in individuals 15 to 70 years of age.

1.2.2.1 Mechanism of Action

LYMErix stimulates specific antibodies directed against B. b. The organism contains
several outer surface proteins.  Administration of Lipo-OspA to mice results in the
formation of specific IgG anti-OspA antibodies. These antibodies have demonstrated
bactericidal activity.

Borrelia burgdorferi express OspA while residing in the midgut of the infected tick, but
OspA is downregulated after tick attachment and is usually undetectable or absent when
B. b. is inoculated into the human host. Thus, a novel hypothesis has been proposed to
explain the effectiveness of Lipo-OspA vaccination: when infected ticks bite humans
who have been vaccinated with LYMErix, the vaccine-induced antibodies are taken up by
the tick and interact with the B. b. in the midgut of the tick, thereby preventing
transmission of the organism to the host. This mechanism has been suggested by a pre-
clinical study in which B. b. were detected by immunofluorescence assay in none of the
ticks that fed on OspA-immunized mice, compared with 72% of ticks that fed on control-
immunized mice.

1.3 Regulatory History of LYMErix

An outline of the regulatory history of LYMErix (pre-IND to present) is provided in
Figure 1.
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1.3.1 Pre-Licensure Activities

Following extensive preclinical testing and preliminary clinical testing in Europe, which
lead to the selection of the Lipo-OspA candidate for further development, SBBio and the
Food and Drug Administration (FDA) convened a pre-IND meeting in October, 1993, in
order to agree upon initial US development plans.  The IND application was submitted in
February, 1994, in order to initiate Phase II clinical studies.

Subsequent to IND filing, five seminal regulatory meetings were held during the pre-
licensure period:

� In June, 1994, FDA's Vaccines and Related Biological Products Advisory Committee
(VRBPAC) convened to discuss and advise on the conduct of a pivotal efficacy and
safety study for Lyme vaccine.  At this time, the Advisory Committee made
recommendations on the following:

- case definition.

- 1º and 2º study endpoints.

- two-year follow-up for safety and efficacy.

- inclusion of patients with previous history of LD.

� In December, 1994, SBBio held an End of Phase II meeting with the Center for
Biologics Evaluation and Research (CBER) in order to discuss and agree upon the
final design of the extensive Phase III efficacy and safety trial, Lyme-008, based on
available data and the recommendations of the June, 1994 VRBPAC meeting.  The
pivotal efficacy trial was initiated in January, 1995.

� While the efficacy trial was in progress, another VRBPAC hearing was convened in
April, 1996, to discuss the basis for proceeding to a pediatric indication for Lyme
vaccine. In addition, the following theoretical questions were raised for the vaccine:

- the potential for exacerbation of B. b. pathology in individuals with a previous
history of LD (see Section 2.2.4.1).

- the possibility that the vaccine might alter or mask the presentation of LD in
vaccine failures, with the result that no treatment is administered (see Section
1.3.2).

- possible induction of autoimmune arthritis due to production of anti-OspA
antibodies (see Section 2.2.4.2).
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� Based on demonstration of efficacy in Lyme-008, a pre-PLA (Product License
Application) meeting was held with CBER in January, 1997. This resulted in the
submission of the PLA and ELA (Product and Establishment License Application) in
September of that year.

� The last VRBPAC was convened to discuss the basis for approval of LYMErix, in
May, 1998.  In the clinical trials which were completed at the time of licensure, a
total of 6,478 individuals received more than 18,000 doses of the ultimately licensed
formulation and strength of LYMErix (30 mcg OspA adsorbed onto aluminum), on a
0, 1, 12-month schedule.  The vaccine was deemed safe and efficacious.

1.3.2 Licensure of LYMErix

A summary of the data, specific issues of interest and overall safety assessment for
LYMErix that supported licensure is outlined in Section 2 of this briefing document.

In brief, a large body of data was accrued prior to licensure which, in toto, provided
evidence that LYMErix had an acceptable safety profile. The retention rate of volunteers
in the clinical studies was very high (approximately 95% in the phase III pivotal trial),
underscoring the tolerability of the vaccine in such individuals.  The body of safety
information is summarized in Section 2; however, the following is worth highlighting:

� Serious adverse events (AEs) did not occur more frequently in the vaccine group than
in the placebo.

� An evaluation of the safety of the vaccine in subjects with a previous history of LD
did not point to any evidence of exacerbation of B. b. pathology.

� No evidence of induction of an autoimmune arthritis as a result of vaccination was
seen (see Sections 2.2.4.2 and 3.6.3).  Additionally, no cases of hypersensitivity
reactions to vaccination were reported in clinical trials.

� With regard to the potential impact of vaccination on the course of LD and its
diagnosis (as raised at the 1996 VRBPAC), it was concluded that there was no impact
of vaccination on the clinical presentation of disease.  However since vaccination
may result in positive IgG ELISA in the absence of infection, Western Blot (WB),
should be used to confirm LD (see labeling in Attachment 1, Laboratory Test
Interactions).

Based on the above safety data and in conjunction with the demonstrated efficacy of
LYMErix in preventing LD (78% efficacy against definite LD and 100% efficacy against
asymptomatic infection after 3 doses), the product was approved in December, 1998.  At
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approval, commitments were made to continue evaluation of the safety profile of
LYMErix post approval; these activities are outlined below (Section 1.3.3), and progress
on the commitments is detailed in Section 3 of this document.

1.3.3 Post Licensure Commitments

LYMErix was launched in January, 1999, and has thus been in the US marketplace for
exactly two years.  The vaccine continues in development for evaluation of potential new
indications and for completing the ongoing commitments.  A status report on these
activities is provided in Section 3; below is provided a brief summary of the status of the
commitments.

1.3.3.1 Post Marketing Safety Assessment Cohort Study

� To address the theoretical concern that immunization with a vaccine containing OspA
might induce an autoimmune arthritis, a post marketing safety assessment cohort
study based on automated record linkage methodology, was initiated at HPHC. The
primary objective of the study is to evaluate whether exposure to LYMErix is a risk
factor for new onset inflammatory arthropathy, and also to evaluate whether exposure
to LYMErix is a risk factor for LD, treatment resistant LD, rheumatoid arthritis,
certain neurologic diseases, allergic events, hospitalizations and death.

� Twenty five thousand HPHC members who are expected to receive LYMErix vaccine
are being matched to a group of non-vaccinated (unexposed) HPHC members with a
1:3 ratio for age, gender and primary care practice.  The follow-up period is four
years.  The planned exposure will provide more than 80% power to rule out an
incident rate ratio of 2 for an adverse event which occurs at a  rate of 3 per 10,000 in
the control group.

� Following submission of the draft protocol to CBER in May, 1999, discussions were
held which resulted in submission of an agreed protocol in May, 2000.  Database
queries were initiated at that time, going back to entries beginning with January,
1999.  To date, three quarterly interim reports have been submitted for review by The
Agency (June 15, 2000, September 15, 2000 and December 15, 2000).

� For the most recent report, HPHC automated record systems identified 3,677
individuals with codes indicating LYMErix immunization through November 15,
2000.  Matched data were available for 2,568 vaccines and 7,497 controls
encompassing the initial six months since LYMErix licensure.

� At this preliminary stage, the available results of this study do not suggest that
rheumatologic, neurologic, or allergic outcomes of interest, identified a priori in the
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study protocol as being of particular interest, were more frequent among LYMErix
recipients than among unexposed subjects.

� Having recognized that enrollment of vaccinees into the database is at a slower rate
than anticipated in the protocol, in order to augment accrual, HPHC has identified
two additional Health Maintenance Organizations (HMOs) in LD endemic areas
(Health Partners of Minnesota and Tufts Health Plan) as collaborators on the study.
These institutions will begin contributing data in the very near future.

1.3.3.2 Study on Cell Mediated Immunity

Additional analyses of data on cell mediated immunity (CMI) and HLA typing from the
pivotal Lyme-008 study were completed after licensure and a study report submitted to
CBER in December, 1999.

The results of HLA typing, CMI responses, and evaluation of specific adverse reactions
in these subsets did not provide support for an association between vaccination with
LYMErix and an increased incidence of an inflammatory arthropathy.

1.3.3.3 Reproductive Toxicity Study and Pregnancy Registry

At the time of licensure, the following Guidance documents pertaining to products for use
in adolescents and adults were in draft at The Agency:

(a) "Considerations for Reproductive Toxicity Studies for Preventive Vaccines for
Infectious Disease Indications" (subsequently published in draft form for comment in
August, 2000 and,

(b) " Establishing Pregnancy Registries" published for comment in June, 1999.

Based on alerts to these Guidances at the time of approval in 1998, SBBio made
commitments to conduct a preclinical reproductive toxicity study with LYMErix and to
establish a pregnancy registry (with design agreed by The Agency) as a condition of
licensure.

The reproductive toxicity study has been completed; a report was submitted to The
Agency in January, 2000.  There were no pertinent adverse findings.  The registry of
pregnancies has been established and is in operation; its review to date has indicated no
pattern of abnormal pregnancy events.
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1.3.4 Post Marketing Surveillance

Post marketing surveillance (PMS) has been in effect since launch of the vaccine in
January, 1999, and seven quarterly reports have been submitted to The Agency.
Approximately 1.4 million doses have been distributed. An overview of the current safety
profile for LYMErix is provided in Section 3.

Correspondence describing all activities related to capture of AE reports between SBBio
and CBER during the past six months has resulted in the following additional steps to
quality assure the complete and timely capture of AEs from clinical trials and the PMS
process, as follows:

- expedition of reporting on musculoskeletal and neurological events.

Submission of musculoskeletal and neurological events, regardless of seriousness,
was expedited (submitted to The Agency within 15 days of receipt by SBBio).  This
practice was instituted at CBER's request in a letter to SBBio of June 28, 2000, to
ensure the earliest accrual of this information.

- Letter to Investigators.

In order to further assure that investigators remain receptive to reports of AEs from
subjects who completed participation in clinical trials, so that such reports could be
recorded in our database and provided to The Agency, SBBio wrote a letter to
investigators on  November 29, 2000, requesting their attention to this matter.  The
letter noted that it had been brought to our attention that some subjects who
participated in past clinical trials have met with some resistance when reporting AEs
to their original trial sites.  The letter reiterated the procedures and responsibilities in
reviewing and reporting AEs; additionally, it encouraged investigators to report any
AE to SBBio regardless of attribution, if a subject/parent/guardian seemed
particularly concerned about an event.

The current safety profile of LYMErix is as follows:

� The profile is generally similar to that observed at licensure.  For other reported AEs,
causal relationships with Lyme vaccine have not been established.

� The following findings, however, have led to a proposed labeling change, a
preliminary draft of which was shared with CBER by facsimile on January 3, 2001:

- Reporting of concomitantly occurring symptoms already described individually in
the product label (arthralgia, fatigue, fever, influenza-like symptoms, chills/rigors,
headache, achiness, myalgia and nausea), with an early onset (see Section 3.6.1)
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- Hypersensitivity reactions not previously observed in clinical trials (see Section
3.6.2).

� Based on the data available, no pattern, except that described above as a proposed
labeling change, was identified and there is no evidence that arthritic conditions
reported were related to an autoimmune process.  Furthermore, there were no
unexpected patterns in age, gender, time to onset, vaccine dose, or number of reports
of rheumatoid arthritis and facial paralysis. The musculoskeletal data will be
evaluated by an independent panel of rheumatology experts.

1.3.5 Clinical Trials Completed and Ongoing Since Licensure

In addition to the data accrued in the PMS system, additional clinical data have been
forthcoming from controlled clinical trials reported or initiated after the licensure of
LYMErix.  These trials involve alternate vaccination schedules and pediatric subjects,
(n = 3 900), and booster studies (n = 1 800).  The data available from these investigations
do not bring to light any new safety concerns.

1.4 Conclusions

Based on the review of the efficacy and safety of LYMErix by FDA and the VRBPAC,
licensure was granted on December 21, 1998.  It has thus been marketed in the US for
two years.

All regulatory activities and commitments to expand our knowledge of the safety of
LYMErix are completed or in place and ongoing, including efforts to ensure timeliness
and completeness in the accrual of post marketing trial and surveillance data.

To date, there are two changes proposed to the approved labeling: one describes the
reporting of concomitantly occurring symptoms, already individually described in the
product label; the other describes the occurrence of hypersensitivity reactions not
previously observed in clinical trials.

LYMErix January 31 VRBPAC Meeting Briefing Document 000014



Oct 28, 1993 Pre-IND Meeting

Feb 2, 1994 IND Submitted

Jun 7, 1994 VRBPAC Meeting on Lyme Disease & Vaccine Pivotal Development

Dec 6, 1994 End of Phase II Meeting and Lyme–008 discussion

Apr 10, 1996 VRBPAC Meeting on Theoretical Safety Concerns and Plan for Pediatric
Development

Jan 28, 1997 Pre- PLA Meeting

Sep 15, 1997 PLA/ELA Submitted

May 26, 1998 VRBPAC Meeting to Evaluate Safety and Efficacy for Approval

Dec 21, 1998 LYMErix Approved

Jan 08, 1999 LYMErix Launched

May 10, 1999 Post Marketing Cohort Study Protocol Submitted (Commitment )

Dec 22, 1999 Final Report of CMI Study Submitted (Commitment)

Jan 20, 2000 Reproductive Toxicity Study Report Submitted (Commitment)

Jun 15, 2000 Post Marketing Cohort Study First Interim Report Submitted (Commitment)

June 28, 2000
       and
July 24, 2000

Letter from FDA and Response from SB, respectively, on questions of safety
reporting

Sep 15, 2000 Post Marketing Cohort Study Second Interim Report Submitted
(Commitment)

Dec 15, 2000 Post Marketing Cohort Study Third Interim Report Submitted (Commitment)

Dec 19, 2000 Copy of Letter to Investigators (distributed Nov 29, 2000) Submitted

Jan 3, 2001 Proposed label change sent to The Agency

Figure 1: Regulatory History of LYMErix
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2.0  Safety Assessment of LYMErix for Licensure/Approval

2.1 Overall Summary of Studies

In support of licensure of the vaccine, SBBio conducted a total of 16 clinical trials
(including ongoing trials) by the time of submission of the PLA (see Table 1).

In Phase I clinical trials in Europe (Lyme-001 to Lyme-004), several candidate LD
vaccines containing NS1-OspA or Lipo-OspA antigen were evaluated. The Lyme vaccine
candidate, Lipo-OspA adsorbed on aluminum hydroxide, was found to be highly
immunogenic with an acceptable safety profile and therefore was selected for Phase II.

Two Phase II trials (Lyme-005 and Lyme-007) were performed in the U.S.  Lyme-005
was a double-blind placebo controlled dose range study, conducted at three highly
endemic sites, with approximately 90 subjects per group. Subjects were vaccinated with
3, 10, or 30 mcg of the candidate vaccine or placebo. The data demonstrated that the
vaccine was immunogenic in a dose dependent fashion for anti-OspA antibodies. In
regard to safety, there was no increase in the incidence of local or general symptoms
following each successive dose. This study also provided valuable experience with regard
to methodologies for surveillance of LD, documentation of disease, and case definitions,
which supported the very thorough and robust design of the pivotal efficacy trial.

Lyme-007 was initiated to address the issue of the safety of the vaccine in subjects with
previous, well-documented LD.  In the Lyme-007 trial, subjects previously infected with
B. b. did not demonstrate vaccine-induced serious adverse effects when vaccinated with
Lipo-OspA. Specifically, the vaccine did not induce any Lyme-like pathology. Based on
the immunogenicity and safety data from Lyme-005 and -007, clinical development of
the 30 mcg Lipo-OspA/0.5 mg aluminum vaccine proceeded to the Phase III pivotal
efficacy trial.

Vaccine efficacy was demonstrated in a prospective, multi-center, randomized, double-
blind, placebo controlled trial (Lyme-008).  This study was conducted over two tick
transmission seasons, utilizing investigators located at 31 sites highly endemic for LD,
most of which were in the northeastern United States. Beginning in January, 1995, a total
of 10,936 healthy adolescents and adults (15-70 years) at risk of LD were randomized to
received vaccine or placebo. Doses were administered at baseline, 1 and 12 months (0, 1,
12 months). Subjects were followed for a total of 20 months in Lyme-008 and then for an
additional 4 months in an open label fashion in a follow-up study, Lyme-013. Therefore,
24 months of safety data were available for the original Lyme-008 cohort at the time of
licensure. As such, the majority of the safety data which was the basis for licensure of
LYMErix was gathered in the context of this pivotal efficacy trial.
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The Lyme-008 study accrued more than 17,000 person-years of observation and provided
a large body of evidence that the candidate Lyme vaccine was efficacious, immunogenic
and safe. The retention rate of volunteers in this study was very high (almost 95%),
underscoring the tolerability of this vaccine.  Vaccine efficacy against definite LD was
78% (95% CI:  59% to 88%) after three doses of  LYMErix (13 cases among 4,765
subjects in the vaccine group; 58 cases among 4,784 subjects in the placebo group).
Vaccine efficacy against asymptomatic infection was 100% (95% CI:  30% to 100%)
after three doses of LYMErix (0 cases among 4,765 subjects in the vaccine group; 13
cases among the 4,784 subjects in the placebo group).

In the clinical trials which were completed at the time of licensure, a total of 6,478
individuals received more than 18,000 doses of the ultimately licensed formulation and
strength of LYMErix (30 mcg OspA adsorbed onto aluminum) on a 0, 1, 12-month
schedule.
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Study Phase Age
(yrs)

Design/Objectives Formulation (N) Schedule
(months)

Duration
(months)

001 I 18-40 O NS1 5 mcg (12)
NS1 20 mcg/AL (12)

0, 1, 2 6

002 I 18-49 O, R NS1 10 mcg/AL (60)
NS1 10 mcg/AL + MPL (60)
L 10 mcg/AL (60)

0, 1, 2 24

003 I 18-49 DB, R NS1 10 mcg/AL + MPL (80)
L 10 mcg/AL (80)
NS1 10 mcg/AL (80)

0, 1, 2 3

004 I 18-47 O, R L 10 mcg/AL (30)
L 30mcg/AL (30)
L 30 mcg (30)

0, 1, 2 3

005 II 18-83 DR, R, DB,
PC, MC

HLA typing

L 10 mcg/AL (89)
placebo/AL (87)
L 3 mcg/AL (88)
L 30 mcg/AL (89)

0, 1, 2 12

007 II 21-79 O, NR
Safety in previous LD

L 3mcg/AL (5)
L 10 mcg/AL (5)
L 30 mcg/AL (20)

0, 1, 2 6

008 III 15-70 DB, R, PC, MC
Pivotal Efficacy

L 30 mcg/AL (5,469)
placebo/AL (5,467)

0, 1, 12 20

009 II 18-49 O, R L 30 mcg/AL (30)
L 30 mcg (60)

0, 1, 2 13

Table 1 Summary of Studies by Study Design and Objectives
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010 II 18-48 O, R
different lots

L 30 mcg/AL (20)
L 30 mcg/AL (20)

0, 1 2

013 III 15-70 O, MC
Extended F/U of 008
Placebo Crossover

L30 mcg/AL 4 months pre-
vaccine then

0, 1, 12
in prior placebo

recipients

17

014 III 14-50 O, R, MC
Alternate Schedule

L 30 mcg/AL 0, 1, 6
or

0, 1, 12

13

015 II 5-15 DB, R
Pediatric Population

L 30 mcg/AL
L 15 mcg/AL

0, 1, 2 3

016 III 15-70 O, R, MC
Alternate Schedule

L 30 mcg/AL 0, 1, 2, 12
or

0, 1 , 12

13

017 III 15-70 O
Booster

L 30 mcg/AL Booster 36

018 II 18-50 O L 30 mcg/AL 0, 7, 28 days 2
019 II 15-50 DB, R L 30 mcg/AL 0, 1 3
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Design  Codes
DB = Double Blind
DR = Dose Ranging
MC = Multicenter
N = Number
NR = Non-randomized
O = Open
PC = Placebo Controlled
R = Randomized

Formulation Codes
AL = Aluminum (as aluminum hydroxide)
L = Lipoprotein OspA
MPL = Monophosphoryl lipid A
NS1 = NS1-OspA (fusion protein)
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2.2 Safety and Reactogenicity of LYMErix in the Pivotal Efficacy Trial
(Lyme-008)

Adverse events were recorded at each study visit.  In addition, all subjects were asked to
describe any AEs which might have occurred between vaccinations or visits via
postcards.

Unsolicited events were recorded at early (≤ 30 days) and late (> 30 days) post
vaccination intervals (through month 24); any cases of suspected but unconfirmed LD
were considered and analyzed as "general unsolicited AEs."

Serious unsolicited events were recorded for all subjects throughout the entire study.

Solicited events (reactogenicity data recorded on diary cards on the day of vaccination
and through three additional days) were solicited from a subset of the total cohort
consisting of all subjects at a single site.

In addition, events/areas of special interest for safety assessment were evaluated (see
Section 2.2.4):

- safety profile in the subset of study participants with previous LD.

- autoimmune arthritis (addressed prospectively).

- rates of neurological and cardiac events in vaccinees and placebo recipients.

A summary of the data obtained is provided below.

2.2.1 Unsolicited Adverse Events

The most frequently reported (≥1%) unsolicited AEs within 30 days of vaccination for all
subjects receiving at least one dose (n = 10,936) in the double-blind, placebo-controlled
efficacy trial (Lyme-008) are shown in Table 2 of the LYMErix Prescribing Information
(PI, see Attachment 1).  More vaccine than placebo recipients reported local and general
unsolicited symptoms within 30 days of each dose.  This difference was more
pronounced for local symptoms than for general symptoms.  Statistically significant
differences were found between the vaccine and placebo groups for fever, influenza-like
symptoms, injection site pain, injection site reactions, myalgia and rigors.

The most frequently reported (≥1%) unsolicited AEs occurring more than 30 days
following vaccination for all subjects (n = 10,936) in Lyme-008 are shown in Table 3 of
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the LYMErix PI (see Attachment 1).  As can be seen, no statistically significant
differences were found between placebo recipients and vaccinees in the comparison of
AEs by body system or the incidence of any frequently reported late AE by preferred
term after any dose or overall.

2.2.2 Solicited Adverse Events

The frequency of solicited local and systemic AEs was evaluated in a subset of the study
population (n = 938) who comprised the total enrollment at one study center in the Lyme-
008 efficacy trial. Of these 938 subjects, 800 completed a 4-day diary card following
each of three doses, and were evaluable according to protocol. Table 4 of the LYMErix PI
(see Attachment 1) shows the percentage of subjects reporting a solicited symptom
following any one of the three doses and overall.

The majority of  subjects (vaccinees, 96.5%; placebo recipients, 82.4%) reported at least
one symptom.  Most solicited events were mild to moderate in severity and limited in
duration.  As with most vaccines, soreness was the most common solicited injection site
reaction, which often lasted for several days.  Redness and swelling at the injection site
were reported to occur less frequently.  Severe soreness was reported to occur following
only approximately 5% of doses administered.  General symptoms were reported at a
lower frequency than local symptoms.  Headache and fatigue were the most commonly
reported systemic AEs following vaccination.  Severe systemic reactions, including fever,
were reported rarely.   For both local and general symptoms, reaction rates did not appear
to increase with successive doses.

As can be seen from Table 4 of the PI (see Attachment 1), statistically significant
differences were found between the vaccine and placebo groups for the overall rates of
each solicited symptom with the exception of headache and fever, and the rates were
higher for vaccinees than for placebo recipients.

2.2.3 Serious Adverse Events Including Deaths

Serious AEs did not occur more frequently overall or for any body system in the vaccine
group as compared to placebo (refer to Adverse Reactions Section of the LYMErix PI in
Attachment 1).  Among the 10,936 subjects enrolled in the efficacy trial and followed for
20 months, a total of 15 deaths occurred (10 vaccine, 5 placebo).  None of these deaths
were judged by investigators to be treatment-related. In the vaccine group, causes of
death included: cancer (5), myocardial infarction (3), sudden death (1), cardiac arrest (1).
In the placebo group, causes of death included: cancer (1), sudden cardiac death (1),
cardiac arrest (1), septic shock (1), homicide (1).
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2.2.4 Areas of Special Interest

2.2.4.1 Subjects with Previous LD

Due to a theoretical concern regarding exacerbation of B. b. pathology, the safety profile
of LYMErix was evaluated in Lyme-008, in subjects with a previous history of LD.
Subjects with previous LD were assessed using two definitions:

� those whose baseline sera were evaluated for Western blot (WB) (n = 250); and

� those who at study entry self-reported a previous history of LD (n = 1,206).

The nature and incidence of AEs (either early or late) did not differ between vaccinees
determined to have been WB-positive at baseline (n = 124) compared to vaccinees
determined to have been WB-negative at baseline (n = 151).

Interestingly, using the more subjective definition, vaccinees with a self-reported history
of LD had a greater incidence of the following symptoms than vaccinees with no prior
history of LD:  musculoskeletal symptoms (early and late), psychiatric disorders (early
and late), central, peripheral and autonomic nervous system disorders (late), and
gastrointestinal disorders (late).  The same pattern was observed in the placebo subjects
for all the above mentioned symptoms, except for musculoskeletal symptoms of early
onset, where no statistical difference was observed in the placebo group self-reporting
LD.  The data indicate that subjects self-reporting a history of LD tend to report more
adverse events in general.

In summary, although an excess of certain adverse events have been reported in subjects
self-reporting LD, as compared to subjects who did not report LD, this has not been
confirmed if prior LD status is determined using the more objective WB positivity
criterion.  The data, therefore, do not provide a basis for the theoretical concern that the
vaccine might exacerbate symptoms in subjects with previous LD.

2.2.4.2 Induction of Autoimmune Arthritis

Introduction

In June 1998, Allen Steere published a paper entitled "Identification of hLFA-1 as a
candidate autoantigen in treatment resistant Lyme arthritis" (Gross DM et al. 1998,
Science 31;281:703-6), presenting the hypothesis that OspA is responsible for treatment
resistant Lyme arthritis (TRLA) because its sequence contains a peptide homologous to
LFA-1, an integrin receptor present on the surface of lymphocytes. This publication had
been preceded by a series of others suggesting that TRLA could be an autoimmune
disease triggered by a B. b. infection.
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The observations presented in this paper suggest an association between a B. b. infection
and the subsequent development of TRLA in a fraction of infected individuals. They also
indicate that OspA contains a peptide that is partly homologous to an LFA-1 peptide, one
that has a high probability to be a DRB1*04 epitope.

Preclinical evaluation

By themselves, these results do not support formally the demonstration of a link between
the presence of an anti-OspA response in the joint and the development of TRLA via an
autoimmune phenomenon, since:

� it has been shown recently that epitope mimicry by itself, or even in vitro T-cell
cross-reactivity are not sufficient to explain a potential auto immune disease (Maier et
al., 2000, Eur J Immunol 30:448-57)

� the presence of arthritic symptoms in one (or only a few) joint(s) in TRLA upon
infection, does not support an autoimmune phenomenon due to a cross-reactivity
between OspA and LFA-1.  Indeed, this molecule is present throughout the body, so
that multiorgan autoimmune phenomena should be expected.  The monojoint nature
of the arthritis rather suggests the undetected presence of Borrelia or Borrelia
antigens in the synovial fluid or in the synovium.

In any case, even if demonstrated true, the development of TRLA resulting from the
molecular mimicry between OspA and hLFA-1 has requirements that are not achieved by
vaccination.  It indeed implies that a B. b. infection has taken place in the affected joint.
This infection is essential to generate a strong Th1 response in the joint, which is not
expected to result from vaccination with OspA.

Since the May, 1998, meeting of the VRBPAC and the publication of the Gross et al.
paper, no data have been published to further demonstrate the hypothesis put forth in that
paper.

The above data have been reviewed by an independent panel of experts in autoimmunity,
who reached the conclusion that the data available do not support the hypothesis of
autoimmune origin of TRLA.

In addition, SBBio has recently initiated a series of experiments in mice to analyze the
impact vaccination with OspA on joints.  C3H mice have been shown to be susceptible to
the development of arthritis upon B.b. infection, and have therefore been selected for
these experiments.
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Mice were either immunized twice in one leg with 1/10 of a LYMErix dose or were
infected with B.b.  The animals were observed for the development of clinically visible
arthritis, and subsequently sacrificed to evaluate histologically the presence of OspA
and/or of an inflammatory process in the proximal, as well as distal joints.

Preliminary results show the following:

� the infected animals developed a clinical arthritis, as judged by joint swelling.

� none of the vaccinated animals showed signs of joint swelling.

� no inflammation was visible in the joints of the vaccinated mice.

� no OspA was seen in the joint of the vaccinated mice.

The results of this experiment indicate that upon vaccination with OspA, none of the
requirements identified for the development of TRLA (presence of OspA in the joint,
inflammatory process) are met.

Clinical Observation

From a clinical point of view, the theoretical concern that high anti-OspA titers from
vaccination may induce an inflammatory arthropathy was addressed prospectively in
Lyme-008 by the sponsor and the Data Safety Monitoring Board (DSMB).  Additionally,
HLA typing was performed in Lyme-005 (Phase II trial), as well as in a subset of Lyme-
008 subjects.  Cell mediated immunity was also evaluated in the same Lyme-008 subset.
A preliminary report of the CMI findings from this subset was reviewed prelicensure; a
final report was submitted following approval in fulfillment of a post approval
commitment (see Section 3.5).

HLA typing in Lyme-005 and Lyme-008

In Lyme-005, a double-blind, placebo controlled dose-ranging study in which subjects
were vaccinated with 3, 10, or 30 mcg of Lipo-OspA/aluminum or with placebo
(approximately 90 subjects per group), most subjects were tested for HLA.  A total of
32% of vaccinees were positive for the DR4 allele and 0.8% for the DR2 allele, a
prevalence which is representative of the population at large.  Within the limited power
of the study, there was no evidence of an increased risk of AEs, specifically arthritis, in
this population.

In Lyme-008, HLA typing was performed at one study site; results are available for 85
samples from 100 consecutive subjects: 41 vaccine or 44 placebo recipients, regardless of
the presence or absence of symptoms.  The HLA profile in vaccinees who reported pain
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or inflammation at the injection site was similar to that in vaccinees and placebo
recipients who did not report such symptoms.  Two vaccine recipients were reported to
have had arthralgias, headache, or malaise for one or two days after vaccination, and one
placebo recipient had a viral syndrome for 16 days that was thought to be possibly related
to vaccination.  All 3 of these subjects did not have the DR4 or DR2 allele.  Additionally,
HLA typing was available in 9 of 15 subjects (4 vaccinees, 5 placebo recipients) from
any site, who had evidence of arthritis or tendinitis on examination, and in whom an
alternative diagnosis for joint symptoms was not found.  In this subset, the DR4 allele
was present in one vaccinee and one placebo recipient, respectively; the DR2 was not
present.

Musculoskeletal Events in Lyme-008

At study initiation, the investigators were asked to report any subject who developed
new onset of arthritis or arthralgia following vaccination.  One hundred and seven (107)
subjects developed joint symptoms within one month of vaccination, which lasted at least
one month. There was no evidence of unequal distribution of symptoms by study group,
nor of the vaccine causing these symptoms.

The safety data from Lyme-008 on the occurrence of arthralgia were collected as part of
the 4-day diary card which solicited reactogenicity data from a subset of subjects. The
incidence of arthralgia was statistically different (p = 0.001) in the vaccine group (25.6%)
compared to placebo (16.3%).  However, most of the cases were mild to moderate in
severity and self-limited, with only four severe cases in the vaccine group and two in the
placebo group.

Separate post hoc analyses were conducted to assess two subsets of musculoskeletal
events, those which occurred early (≤30 days) or late (>30 days) post vaccination in
Lyme-008. There were no significant differences, either early or late, between the
vaccine and placebo recipients with regard to experiencing arthritis, aggravated arthritis,
arthropathy or arthrosis.  However, vaccine recipients were significantly more likely than
placebo recipients to experience early events of arthralgia or myalgia after each dose [for
dose 1: odds ratio (OR), (95% CI) = 1.35 (1.13, 1.61); dose 2: OR = 1.28 (1.05, 1.56);
dose 3: OR = 1.59 (1.18, 2.16)].  With regard to late events of arthralgia or myalgia, there
were no significant differences between vaccine and placebo recipients.

Overall, approximately 18% of subjects enrolled in the study had a prior history of some
musculoskeletal condition (19% vaccinees, 18% placebo recipients).  In a post hoc
subgroup analysis, there was no significant difference between vaccine and placebo
recipients with regard to development of musculoskeletal events (defined as arthritis,
arthropathy, arthrosis, synovitis, tendinitis, polymyalgia rheumatica, bursitis or
rheumatoid arthritis, and lasting more than 30 days) in those with a prior history of
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musculoskeletal conditions.  However, both vaccine and placebo recipients with a prior
history of musculoskeletal conditions were more likely to experience musculoskeletal
events than subjects without such prior history.

Four members of the DSMB reviewed blinded data on 304 subjects who experienced late
onset AEs or SAEs that were categorized as "Arthritis".  A questionnaire was also sent to
each investigator to obtain additional information regarding the type of arthritis
(traumatic, osteoarthritis, inflammatory arthropathy, etc).  The dataset from each DSMB
member was analyzed separately by the DSMB statistician, who found no difference
between the vaccine and placebo groups.

Therefore, Lyme-008 did not detect any difference in the incidence of  rheumatologic
disorders between vaccine and placebo recipients during the 20 months after the initial
dose.

2.2.4.3 Neurological and Cardiac Events

There was no significant difference in the rates of cardiac AEs between vaccine and
placebo recipients. Neurologic AEs, which occurred at a rate <1% in the vaccine group
and were noted to occur with a similar frequency in placebo recipients included: carpal
tunnel syndrome, migraine, paralysis, tremor, coma, dysphonia, ataxia, multiple sclerosis,
myasthenia gravis, meningitis, trigeminal neuralgia, nystagmus, neuritis, neuralgia, nerve
root lesion, neuropathy, hyperesthesia, hyperkinesia, and intracranial hypertension.

2.3 Conclusion

A large body of data was accrued prior to licensure which, in toto, provided evidence that
Lipo-OspA vaccine had an acceptable safety profile in the clinical trials which had been
conducted up until the time of licensure of the product. The retention rate of volunteers in
these studies was very high, underscoring the tolerability of the vaccine.

� With respect to early onset unsolicited AEs, significant differences were found for
fever, influenza-like symptoms, injection site reactions, myalgia, and rigors with rates
which were higher in vaccinees than in placebo recipients.  For late onset unsolicited
AEs, no such significant differences were found.

� Soreness was the most commonly reported solicited local symptom, and headache
and fatigue were the most frequently reported general solicited symptoms.  The
majority of solicited events were mild to moderate in severity and limited in duration.
Interestingly, the reporting rate of adverse events was very high in the placebo group:
82% of subjects reported at least 1 symptom.

LYMErix January 31 VRBPAC Meeting Briefing Document 000027



� Serious AEs did not occur more frequently in the vaccine group than in the placebo
group.

� An evaluation of the safety of the vaccine in subjects with a previous history of LD
did not provide a basis for the theoretical concern that the vaccine might exacerbate
symptoms in subjects with previous LD.  Further, no evidence of induction of an
autoimmune arthritis as a result of vaccination was seen in the pre-licensure setting.

� Additionally, no cases of hypersensitivity reactions to vaccination were reported in
clinical trials up until the time of licensure.

Based on the above safety data, in conjunction with the demonstrated efficacy of
LYMErix in preventing LD (78% effective against definite LD and 100% effective
against asymptomatic infection after 3 doses), the product was approved in December,
1998, and was made commercially available in January, 1999.

Commitments to continue the study of the LYMErix safety profile of were agreed at the
time of product approval.  The status of these commitments is discussed in Section 3 of
this document.
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3.0  Post Licensure Safety Assessment

3.1 Introduction

This section will review the status of the clinical commitments which were agreed at the
time of approval of LYMErix:

� A Post marketing cohort study to assess whether exposure to LYMErix is a risk factor
for new onset of inflammatory arthropaty, LD, treatment resistant LD, rheumatoid
arthritis, certain neurologic diseases, allergic events, hospitalizations and death. Three
quarterly interim reports have been submitted to The Agency by end of 2000. The
status of this study, together with currently available data, is discussed below (Section
3.2).

� A reproductive toxicity study was conducted in rats according to the agreed protocol.
Results have been submitted to The Agency in January, 2000, and are summarized
below (Section 3.3).

� A pregnancy registry has been established and maintained to track the outcome of
pregnancies reported for women vaccinated with LYMErix.  The procedure that has
been established to capture and evaluate reports, as well as the current observations,
is described below (Section 3.4).

� The final report of a study on CMI induced by the vaccine, ongoing at time of
registration, has been submitted to The Agency in December, 1999; it is described
below (Section 3.5).

In addition to the activities on the above-described commitments, the findings of the post
marketing surveillance (PMS) ongoing since launch of the vaccine in January, 1999, and
submitted through the Periodic Quarterly Reports to The Agency, are reviewed (Section
3.6).

Finally, the safety experience from clinical trials completed or still ongoing since
licensure, including longer term safety follow up, alternate dosing regimens and booster
studies, and safety in a pediatric population is discussed (Section 3.7).

3.2 Post Marketing Cohort Study to Assess the Safety of LYMErix

To address the theoretical concern that immunization with a vaccine containing OspA can
induce an autoimmune arthritis and as a commitment at the time of licensure, the sponsor
has undertaken a large prospective Phase IV study to  evaluate the safety of LYMErix.
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This study is ongoing at HPHC, the largest non-profit mixed model HMO in the New
England region; it has a long history of research employing automated record linkage
methods.  All ambulatory encounters, emergency room visits, and hospitalizations of
HPHC members generate claims with up to two primary and secondary diagnosis codes
and one procedure code.  The claims records are computerized, updated at least quarterly
and become available for automated searches approximately six weeks after the end of a
quarter.  Diagnoses are coded according to the International Statistical Classification of
Diseases, Injuries and Causes of Death, ninth revision (ICD-9).  Each HPHC member has
a unique membership number, which can be used to link records from different claims
files.  The HMO maintains a membership file that contains membership number, gender,
date of birth, date of initiation of membership and the date of termination of membership.
In addition to automated records, full text medical records from service providers can be
requested for manual review.

3.2.1 Objective

The primary objective of the study is to evaluate whether exposure to LYMErix is a risk
factor for new onset inflammatory arthropathy.  The secondary objective is to evaluate
whether exposure to LYMErix is a risk factor for LD, treatment resistant LD, rheumatoid
arthritis, certain neurologic diseases, allergic events, hospitalizations and death.

3.2.2 Methods

Twenty five thousand HPHC members who are expected to receive LYMErix vaccine will
be matched with respect to age, gender and primary care practice to a group of non-
vaccinated (unexposed) HPHC members with a 1:3 ratio.  Clinical events of interest after
vaccination will be identified from ambulatory and inpatient claims data and selected
outcomes will be confirmed by blinded review of the full medical record.  Each subject
will be followed for at least four years after being identified as exposed (the first dose of
LYMErix) or unexposed.  The incidence of predefined AEs in the exposed cohort will be
compared to the incidence of AEs in the unexposed cohort.

Assuming 25,000 exposed subjects (immunized with LYMErix), and 75,000 unexposed
subjects, all of whom will be followed for a minimum of 4 years, and taking into account
attrition for disenrollment from HPHC as well as eventual vaccination of some
unexposed subjects, a total of 108,627 person-years of exposure should accrue and
provide more than 80% power to rule out an incident rate ratio of 2 for an adverse events
which occur at a rate of 3 per 10,000 in the control group.
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3.2.3 Results

To date, three quarterly interim reports have been submitted for review by The Agency
(June 15, 2000, September 15, 2000 and December 15, 2000).  The results below
summarize data from the interim report.

A search of the HPHC automated record systems on November 24, 2000, identified 3,677
individuals with codes indicating LYMErix immunization through November 15, 2000.
Automated records showed that 889 had claims for one dose, 1,670 had claims for two
doses, 1,077 had claims for three doses, 40 had claims for four doses, and one had claims
for five doses.

A total of 2,568 of these HPHC members received LYMErix during the first six months of
1999, and 7,497 unexposed HPHC members were matched to them with respect to age,
gender, and affiliation of primary practice.   Data for this matched cohort was confined to
the first six months post-licensure due to the fact that there is a lag time between medical
care, claims submitted by the provider, and claims processed at HPHC.  Therefore,
diagnosis codes that appear beyond this timeframe may not be complete.

3.2.4 Conclusions

The preliminary results of this study do not suggest that rheumatologic, neurologic, or
allergic outcomes of interest identified a priori in the study protocol as being of particular
interest were more frequent among LYMErix recipients than among unexposed
individuals.  However, it is acknowledged that the diagnosis codes are proxies for
diseases, and more reliable estimates of disease incidence will come following the
planned review of medical records to confirm the diagnoses.

As accrual of approximately 10,000 vaccinees was expected at HPHC in the first year of
the study through commercial use of the vaccine, and as this target was not reached, two
other HMOs (Health Partners of Minnesota and Tufts Health Plan) will now be included
in the LYMErix post marketing safety assessment cohort study.  The addition of these two
HMOs, whose databases will be searched retrospectively to January, 1999, is expected to
double the number of exposed individuals to date.  Since the uptake of the vaccine is less
than had been expected at the time of study design, it appears that more time will be
required to attain the goal of 25,000 vaccinees.  Accordingly, the accrual period of the
protocol will be extended.
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3.3 Reproductive Toxicity Study in Rats

3.3.1 Methods

The influence of LYMErix on embryo-fetal, prenatal and post natal development was
assessed in sexually mature female CD rats. One group of 60 animals received 50 microL
of the vaccine (containing 3 mcg of Lipo-OspA on 50 mcg aluminum) by i.m.
administration 30 days before pairing.  A second group was treated with 50 microL of
saline by the same route and on the same occasion.  After mating, 44 females of each
group were selected to continue treatment during gestation, both groups receiving the
vaccine on days 6, 8, 11 and 15 of gestation. A control group received saline on the same
occasions that LYMErix was administered during gestation.  From each group, a total of
22 females were killed on day 20 of gestation for examination of their uterine contents,
and the remaining 22 females in each group were allowed to give birth and rear their
offspring to weaning at day 21 of age.

3.3.2 Results

Intramuscular administration of vaccine to the female rats on days 6, 8, 11 and 15 of
gestation was well-tolerated, even following a pre-mating immunization. Treatment was
without maternal toxicity or any effect upon survival and development in utero of fetuses,
or the birth, survival and development of offspring to day 21 of age.

3.4 Pregnancy

LYMErix is labeled as Pregnancy Category C (animal reproductive studies had not been
conducted prior to licensure and it is not known whether LYMErix could cause fetal harm
when administered to a pregnant woman or if it could affect reproductive capacity).

3.4.1 Experience from Completed and Ongoing Clinical Trials

A total of 63 reports, describing 66 pregnancies, were received from clinical trials (data
lock point December, 2000). Maternal age was provided for 60 (95%) of the reports:  the
median age was 32 years (range 17-48 years).

Forty one outcomes (41/66 = 62%) were described as "normal."  Six reports (6/66 = 9%)
of spontaneous abortions and 4 reports (4/66 = 6%) of elective (therapeutic) abortions
were received (2 ectopic pregnancies described in the same report).  No outcome was
available for 15 reports (15/66 = 23%).
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3.4.2 Post Marketing Experience

The Pregnancy Section of the LYMErix labeling includes language which encourages
healthcare providers to contact SBBio, using a toll-free number, in the event that they
become aware of receipt of the vaccine by a pregnant individual (see PI in Attachment 1).
Although the data are limited, to date there has been no pattern of abnormal pregnancy
events (e.g., pregnancy-induced hypertension) or outcomes (e.g., fetal malformation,
growth retardation, miscarriage/intrauterine fetal demise/stillbirth) in the post marketing
setting.  A total of 30 reports of pregnancy were received (data lock point December,
2000).  Maternal age was available for 21 of the 30 reports, with a median age of 32 years
(range 23-42 years).  Information regarding outcome was available for 13 of the 30
reports, as follows: 9 deliveries of normal infants, 2 therapeutic abortions (1 ectopic
pregnancy and 1 blighted ovum), and 2 spontaneous abortions.

3.4.3 Conclusion

No trends or patterns are apparent from reviewing the pregnancy reports from all sources,
i.e., clinical trials and spontaneous reports, in the post marketing setting.

3.5 Study on Cell Mediated Immunity following LD Vaccine
Administration during the Lyme-008 Trial

CMI analyses were performed by Dr. Allan Steere on two subsets of subjects
participating in the Lyme-008 trial.

� The first subset consisted of 100 consecutive subjects at a single site (site 27) of
whom 47 are from the vaccine group and 53 from the placebo group.  Evaluation of
the CMI response was possible on samples from 85 of these volunteers (41 vaccinees,
44 placebo recipients). The CMI response was measured by T-cell proliferation, IL-4
and IFN-γ production, upon stimulation with unlipidated OspA or overlapping
peptides covering the whole sequence of the protein.

The results of HLA typing, CMI responses and possible adverse reactions were
compared and an attempt was made to identify statistically significant correlations
between these parameters.

� The second subset was comprised of 15 volunteers from any site (presumably any
subject of the study) who developed joint or tendon pain with abnormalities on
examination during the study and in whom an alternative diagnosis of joint symptoms
was not found.  Samples from 12 individuals were available for CMI evaluation, and
from 9 individuals for HLA typing.
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In the data obtained in these two subsets of volunteers, there is no suggestion that the
vaccine induced an unexpected adverse event pattern. Similarly, there is no definitive
evidence of an association between adverse events and HLA haplotype or CMI.

In summary, we agree with this statement from the conclusion of the report: "The
prolonged pro-inflammatory conditions needed for the development of autoimmunity in
the joints of patients with Lyme arthritis may never be duplicated in vaccinated
individuals." There are no clinical data to support an association between vaccination and
an increased incidence of an inflammatory arthropathy.

3.6 Passive Post Marketing Surveillance Data

Since launch of LYMErix in January, 1999 and through October 30, 2000, more than
1.386 million doses of vaccines have been distributed. Seven Quarterly Periodic Adverse
Event Reports have been prepared and forwarded to The Agency.

SmithKline Beecham has received a total of 984 adverse event reports to November 30,
2000.  Review of these 984 reports showed that the general profile, as reported following
the clinical development and as described in the LYMErix PI has not changed, except as
described below (see Sections 3.7.1 and 3.7.2)

3.6.1 Concomitantly Occurring Adverse Events

During the medical review of AEs received by the pharmacovigilance department of
SBBio, it appeared that some of the symptoms described in the product information
circular for LYMErix as occurring individually might occur concomitantly, with a rapid
onset after vaccination.

At the time of the database query, 833 AEs had been reported since launch, with 161
cases presenting at least three of the following AEs: arthralgia, fatigue, fever, influenza-
like symptoms, chills/rigors, headache, achiness, myalgia and nausea.

Having reviewed the data, SBBio considered that, although all these symptoms are
individually listed in the PI as part of the clinical experience, the PMS experience should
be added to the labeling. 
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This proposed labeling change has been shared with CBER on January 3, 2001 and is
being prepared for submission.

3.6.2 Hypersensitivity

Hypersensitivity reactions had not been reported during clinical trials with LYMErix in
the prelicensure period; accordingly, none were included in the PI (see Attachment 1).
The spontaneous reports database was queried to determine whether sufficient evidence
of acute hypersensitivity had been reported to propose a labeling change.

Based on a review of the spontaneous reports consistent with hypersensitivity (n = 43),
the following labeling change is proposed for LYMErix:

3.6.3 Risk of Inducing Autoimmune Arthritis

In view of the discussions regarding LD-induced arthritis, special attention has been
given to the spontaneously reported arthritis cases. From launch in January 1999, 70
cases of arthritis have been reported.

No evidence has been found that the incidence of these arthritic conditions was higher
than that reported for the general population or that they were associated with an
autoimmune process.  Nonetheless, SBBio is undertaking to have the cases of arthritis
evaluated by an independent panel of rheumatologists.

3.7 Additional Experience from Clinical Trials

Several studies which were ongoing at the time of licensure were completed and a
number of studies were initiated following the licensure of LYMErix.

3.7.1 Lyme-008 Follow Up

Following unblinding of the pivotal Lyme-008 efficacy trial, subjects were offered
participation in a follow-up study, Lyme-013. This study provided an opportunity to
collect safety data for an additional period of observation (a little over one year beyond
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the 20-month follow up period in Lyme-008) in those who had received active vaccine.
Those who had received placebo in Lyme-008 were offered the opportunity to receive
active vaccine and were followed during the 3-dose primary course given on a 0, 1, 12-
month schedule, up to and including one month after the third dose.  In both of the above
cohorts, safety data were  collected using postcards which queried the subjects as to the
occurrence of any new medical conditions evaluated by a specialist, hospitalizations, and
new onset of certain symptoms of interest (rash, flu-like illness, arthritis/arthralgia, facial
paralysis, numbness/tingling/weakness/tingling of an extremity, faintness or loss of
consciousness, and memory difficulty).  These data are currently under evaluation.

3.7.2 Alternate Schedules

Two open, randomized, multicenter studies were undertaken in order to evaluate
accelerated vaccination schedules. Lyme-014 evaluated approximately 400 subjects who
received the vaccine on a 0, 1, 6-month schedule and  400 subjects who received the
vaccine according to the licensed 0, 1, 12-month schedule. Lyme-016 evaluated
approximately 500 subjects who received the vaccine on a 0, 1, 2-month schedule with a
booster at month 12, and 500 subjects who received the vaccine on the licensed 0, 1, 12-
month schedule.

3.7.3 Booster

In order to address the need for and safety of booster doses, three studies involving
approximately 1800 adults were undertaken in subjects who had participated in previous
trials, which evaluated a 3-dose primary series.  In these booster studies, subjects have
received multiple booster doses (up to a 6th dose including the 3-dose primary series);
safety has been followed for 48-60 months after receiving the first dose of the vaccine.
In these studies, there was no unexpected pattern of AEs identified.

3.7.4 Pediatric Population

To address the need for data in a pediatric population, a large double-blind, randomized,
placebo controlled safety and immunogenicity trial (Lyme-022; N =  4000) was initiated
in children and adolescents 4-18 years of age, at multiple centers in LD endemic areas
within the US.  In this study, approximately 3000 subjects received LYMErix and 1000
subjects received placebo, according to the licensed 0, 1, 12-month regimen. Note that a
booster study in the pediatric population involving approximately 3000 subjects is
currently ongoing.
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3.7.5 Conclusion

In the alternate dose and adult booster studies (data in approximately 3,600 vaccinees) as
well as the large pediatric study (N = 3000 vaccinees), the nature and frequency of AEs
were similar to those seen at the time of LYMErix licensure (i.e. for the primary series on
a 0, 1, 12-month schedule in adults 15-70 years of age).  Additionally, no unexpected
pattern of AEs was observed in these trials.

3.8 Conclusion of Post Marketing Safety Assessment

Since licensure of LYMErix, SBBio has initiated the agreed commitments and completed
those that were to be accomplished within the short-term post licensure period.  The
status of the PMS activities can be summarized as follows:

� a reproductive toxicity study in rats has been conducted, completed, and the report
submitted.

�  a CMI study report has been completed and submitted.

�  the pregnancy registry has been established and is ongoing.

� The post marketing cohort study to assess the safety of LYMErix has been initiated.
Data on 3,677 vaccinees have been reported so far.  No unexpected observations have
been made. Although the accrual is below expectations due to the low vaccination
rate of the searched population, activities have been undertaken to increase the
number of vaccinated subjects.  Interim reports will continue to be submitted to The
Agency on the agreed schedule.

� The post marketing surveillance, as well as the analysis of safety data from clinical
trials ongoing or reported since licensure of LYMErix show that the general profile, as
reported following the clinical development, is maintained although some of the
symptoms reported in the labeling as appearing individually seem to occur
concomitantly in the immediate post vaccination period; and hypersensitivity, not
observed during clinical development, has been reported since the launch of the
vaccine.  These observations prompted a labeling change proposal, which has been
shared with CBER and is being prepared for submission.

� Review of the literature and in-house animal experimentation have not confirmed the
theoretical concerns discussed at the time of licensure of LYMErix.

SmithKline Beecham will continue its post marketing surveillance and work on the
continuing commitments, and keep The Agency informed of any further data, including
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the report of the independent expert panel of rheumatologists who will review all arthritis
cases.
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