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Backgr ound

Strept ococcus pneunopniae is an inportant cause of norbidity
and nortality for infants and adults worldwide. In children |ess
than 2 years of age, S. pneunpniae is a | eading cause of
meningitis and bacterem a. The annual incidence rates for
pneunococcal bacteremia in the U S. exceed 150 cases/ 100, 000
popul ation for children | ess than 2 years of age (Klein, 1995,
M crob. Drug Resistance, 1:49-58; Butler, 1997, Mcrob. Drug
Resi st ance, 3:125-129; Butler et al, 1995, J. Inf. Dis.,
171: 885-9).

S. pneunoniae is also an inportant cause of acute otitis
nmedi a i n young children, accounting for 20% - 48% of cases
(Bl uestone et al, 1992, Ped. Inf. Ds. J.;11, S7-1; G ebink GS,
1989, Ped. Inf. Dis. J.; 8. S18-20). The peak incidence of AOM
occurs between 6-18 nonths of age (Teele et al, 1989, J. Inf.
Dis. 160: 83-94). |In developing countries S. pneunobni ae acute
respiratory infection is the |eading contributor to the four to
five mllion annual deaths in children under five years and S.
pneunoni ae is an inportant cause of death in children under two
years (Kl ein, 1995 Mcrob. Drug Resistance, 1:49-58). The
i nci dence of antibiotic resistant pneunococci has been on the
rise since the 1980s. Based on a national sanple of invasive
pneunococcal isolates, resistance to penicillin (m nimum
i nhibitory concentration [MC] 3 2.0 ug/nm) has increased from
1.2%in 1992, to 13.6%in 1997 (Witney et al, 2000, New Engl
J. Med., 343, 1917-1924). The 7 serotypes isol ated nost
frequently fromchildren less than 6 years of age al so account
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for about 80% of isolates not susceptible to penicillin (Butler,
1995, J. Inf. Dis.; 171:885-9).

Vaccines to protect children |l ess than 2 years of age agai nst S.
pneunoni ae di seases

The bacterial capsul ar pol ysaccharide vaccines that are
licensed in the U S. are poorly imunogenic in children |ess
than 2 years of age and, therefore, are not recommended in this
age group. However, coupling of the bacterial polysaccharides
Wth protein carriers is thought to induce a T-cell dependent
i mmune response after primary vaccination, and brisk increases
in serum anti body | evels upon repeated injections in young
children. The devel opnent of S. pneunoni ae pol ysacchari de
conj ugat e vacci nes has followed the successful exanple of H b
pol ysacchari de protein conjugate vaccines.

The Weth Lederle 7-val ent pneunococcal conjugate vacci ne
(Prevnar™ was |icensed by FDA on February 17, 2000. This
vaccine is indicated to protect children | ess than 2 years of
age agai nst invasi ve pneunococcal disease caused by the seven
serotypes included in the vaccine, i.e., 4, 6B, 9V, 14, 18C, 19F
and 23F. Capsul ar pol ysaccharides fromthese serotypes are
coupled to a non-toxic cross-reacting nmutant diphtheria toxin
mol ecul e (CRML97). The prophyl actic efficacy of Prevnar™
agai nst invasive di sease (bacterem a and neningitis) was
denonstrated in a large field efficacy study, conducted at
Northern California Kaiser Permanente (NCKP) health care system
A high level of efficacy in preventing vaccine serotype invasive
pneunococcal di sease was denonstrated in the prinmary anal ysis
[ 100% (95% Cl . 75, 100%]. Simlarly, efficacy in preventing
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i nvasi ve di sease due to all pneunopcoccal serotypes was 90% (95%
Cl 58,99% (Black et al, 2000, Pediatr. Infect. Dis. J.

19: 187-195). Published results of a clinical trial of Prevnar™
in prevention of acute otitis nmedia (AOM conducted in Finland
showed that efficacy was 34% agai nst all pneunpbcoccal AOM and
57% (95% CI 44,67% agai nst vacci ne-serotype AOM (Eskol a et al

2001, N Engl. J. Med., 344, 403-408).

Pneunococcal conjugate vaccines with increased val ency and/ or
conmbi ned with vaccine antigens from ot her bacterial organi sms
currently in clinical devel opnent

In order to increase the protection provided by
pneunococcal conjugate vaccines to other preval ent pneunobccocc
in the U S. and worl dw de, vacci ne nmanufacturers have generated
new pneunococcal conjugate vaccines that contain as nany as 13
pneunococcal serotypes. These vaccines differ with regard to
pol ysacchari de antigen concentration, the protein carrier chosen
for conjugation, and vaccine valency. 1In addition, sone are
conmbi ned with vaccine antigens directed agai nst non-pneunococcal
pat hogens. For sone of these products, Phase 1 and 2 clinical
studi es are ongoi ng or conpl et ed.

CBER has received clinical devel opnent proposals from4
vacci ne manufacturers for new pneunococcal conjugate vaccines
that include alternative approaches for obtaining approval. The
proposal s that the sponsors have submtted to CBER differ
consi derably anmong the manufacturers. Conmercial sponsors wll
have the opportunity to present their nost recent devel opnent
plans in closed session at the March 8, 2001, VRBPAC neeti ng.

In order to provide commttee nenbers with a sense of the

clinical devel opnment strategies that manufactures have proposed
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to CBER prior to the VRBPAC neeting, key elenents of devel opnent

pl ans are sumari zed bel ow

Sponsors have proposed to:

a. Conduct a non-inferiority study based on sel ected i mmune
paranmeters for the 7 serotypes conmon to the new vacci nes
and Prevnar™

b. Conduct efficacy studies for an invasive di sease endpoint,
in a setting outside the U S., where rates of invasive
pneunococcal disease are relatively high;

cC. Conduct or submt data from conpleted controlled efficacy
trials for acute otitis media endpoints

d. Conduct or submt data from conpleted controlled efficacy

trials for pneunonia endpoints.

Al'l of the proposed clinical endpoint studies have been non-
conparative trial designs, using placebo or unrel ated vaccine
antigen controls (e.g., Hep A, Hep B vaccine etc.).

It is inmportant to note that some clinical devel opnent plans
contain a conbination of the various key elenents outlined in
t he above itens a-d. |In sone cases, nore than one vaccine

i ndi cati on may be sought (e.g., invasive di sease, AOV

pneunoni a) .

In addition to providing evidence of efficacy or non-inferiority
for immune paranmeters or correlates, manufacturers wl| assess
the following in clinical trials of pneunpbcoccal conjugates:

safety, lot consistency, and i mune responses when adm ni stered
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si mul t aneously with chil dhood vaccines used in the US. to

support |icensure.

Potential predictors of efficacy for pneunococcal vaccines

I f licensure of pneunpbcoccal conjugate vaccines is to be
based on non-inferiority studies conparing immunol ogic
responses, the paraneters which best correlate with protection
woul d need to be quantitatively defined. |In the case of
Haenophi l us influenzae, protective antibody |evels were
est abl i shed based on concentrations of antibody to
pol yri bosyl ribitol phosphate (PRP) capsul ar antigen observed in
i ndi vi dual s not devel oping clinical disease (Robbins et al,
1973, Pediatr. Res. 7:103-110; Kahty et al, 1983, J. Inf. Ds.,
147:1100). Subsequently, quantitation of capsule specific
anti body by ELI SA has been used to assess the adequacy of inmune
responses to Haenophilus influenzae conjugate vaccines for the
pur pose of licensure. However, a correlate of protection
agai nst invasi ve disease could not be derived directly fromthe
efficacy trials for Prevnar ™ Therefore, preparatory to this
advi sory comm ttee neeting, an FDA/ Nl Al D sponsored workshop is
pl anned for February 26, 2001, to discuss various inmmune
paraneters that could be used to assess non-inferiority of
vacci ne responses and serve as a basis for licensure. Wrkshop
di scussions will focus on defining, with regard to pneunobcocca
di sease and pneunobcoccal conjugate vacci ne-i nduced protection,
t he mechani sn(s) of protective immunity and potential correl ates
of protection that could be used in non-inferiority studies. A
synopsi s of the outcone of the workshop will be presented to the
advi sory comm ttee. Some i mrunol ogi c paraneters that are |ikely

to be considered as a basis for a head-to-head conpari son of new
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pneunococcal conjugate vaccines and Prevnar ™Mare revi ewed bel ow.
As noted above, a correlate of protection against invasive
di sease could not be derived directly fromthe efficacy trials
for Prevnar™ due to the paucity of vaccine failures.
Therefore, inmmune paraneters less clearly associated with
vacci ne efficacy need to be consi dered.

At the VRBPAC neeting of 11/5/99, which was dedicated to
t he discussion of Prevnar™ results froma manufacturing
bridgi ng study were presented. Anti-pneunococcal responses
bet ween groups i nmuni zed with vacci nes prepared at ful
manuf acturing scale with those of a group imunized with a
single |l ot prepared at pilot scale were conpared based on the
percent of subjects responding with antibody |evels above
specified threshold anti body concentrations. The chosen
threshol d anti body | evels provided nmaxi mal discrimnation
bet ween nai ve and i mmuni zed individuals at 7 nonths of age by
determ ni ng concentrations where the greatest percentage of
i muni zed i ndividuals were above the threshold, and the | owest
per cent age of naive individuals were above the threshold. For
Prevnar ™ the threshold antibody | evels ranged from0.15 ng/nL
for serotype 4, to 0.38 ng/nlL for serotype 14. As an exanpl e,

t he choice of threshold value 0.25 ng/nL for serotype 6B, based

on maxi mal discrimnation of the i muni zed popul ation is
illustrated bel ow (FDA presentation, VRBPAC 11/9/99).
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Conceptual Iy, the percentage of individuals with
seroresponses above threshold anti body concentrations could be
considered a criteria for establishing non-inferiority based on
a head-to-head conparison of a new pneunpcoccal conjugate
vaccine and Prevnar™ dinical sanples obtained from subjects

i muni zed with either Prevnar™ or new pneunpcoccal conjugate
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vacci ne woul d need to be evaluated site-by-site using a
standardi zed val i dated assay. The statistical criteria for
conparability to Prevnar ™ woul d need to be defined. Typically,
criteria used for determ ning adequacy of bridging are:

a) ratio of the geonetric nmean anti body concentration (GVC)
not less than 0.5 (I ower bound of 90% Cl) for non-
inferiority of the new pneunbcoccal conjugate vacci ne
relative to Prevnar™

b) less than a 10 percentage point difference in
proportions respondi ng above a predefined anti body
concentration or titer (lower bound of the 90% Cl not
| ess than -10% on the difference in proportions
respondi ng [the new pneunpcoccal conjugate vacci ne m nus

Prevnar ™).

Sponsors have al so proposed using a single antibody
concentration cut-off to be used for all vaccine serotypes. |If
one accepts the threshold val ues as defined above to be
meani ngful , one m ght choose an anti body concentration at or
above the highest threshold | evel observed for any one of the
serotypes, such as 0.5 ng/nL, to assure that nore stringent
criteria are nmet for all serotypes.

Est abli shing non-inferiority based on seroresponse rates
and GMCs vis-a-vis the |icensed product, Prevnar™ could be a
difficult standard to neet. Wth 7 serotypes and 2 sets of
endpoint criteria, the statistical analysis is conplicated by
issues of nultiplicity due to 14 conparisons. The probability
of failure to denonstrate non-inferiority for one of the
paraneters increases with each conparison, and could be observed

due to chance al one. Moreover, because Prevnar ™was highly
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efficacious in preventing invasive di sease, the antibody |evels
attained foll owing Prevnar™ may be in excess of |evels required
for protection frominvasive disease. O her vaccine
formul ations mght still be effective, even if the antibody
| evel s achieved are significantly |ower than those achieved
following Prevhar ™ Nevertheless, in the absence of definitive
data confirm ng protection associated with a particular serum
anti body concentration, as determ ned by ELI SA, conparability of
new products to Prevnar '™ provi des the best assurance that the
i mune responses achi eved by the new products are associ at ed
Wi th protection.

O her imunol ogi cal paraneters could be at |east as
i nportant as ELI SA anti body | evels. As opsonophagocytic
anti bodi es are thought to play a central role in protecting
agai nst S. pneunoni ae, determ ning vacci ne-i nduced anti bodi es
wi t h opsono- phagocytic activity may al so be a rel evant study
endpoint. Efforts have been directed towards devel oping a
standardi zed assay to assess the opsonophagocytic activity of
anti - pneunococcal anti bodi es (Ronero-Steiner et al, 1997; din.
Diag. Lab. Imunol. 4:414-422). Recent data suggest that higher
avidity of 1gG for S. pneunoni ae capsul ar pol ysacchari des
correlates with an increased ability of sera to nediate
conpl enent - dependent killing of the organi smby phagocytosis
(Ronmero-Steiner et al, 1999, din. Inf. D's. 29:281-299). Thus,
measurenent of antibody avidity in addition to anti body
concentrations may al so serve as one of several paranmeters to
establish non-inferiority.

It should be noted that the criteria discussed above are
not meant to be all-inclusive in establishing non-inferiority.

Addi tional inmunol ogical paraneters wll likely be discussed at
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t he February 26, 2001 workshop and may need to be consi dered
when designing non-inferiority studies for pneunococcal
conjugate vacci nes. Any inmunol ogi cal paraneter used to
denonstrate non-inferiority will need to be neasured in
val i dat ed, standardi zed assays, capable of processing sufficient
sanpl es such that statistical criteria of non-inferiority can be

met .

Clinical endpoint efficacy studies

Denonstration of preventive efficacy for clinical endpoints
remai ns the gold standard to support |icensure of vaccines.
However, efficacy data based on clinical endpoints are likely to
be difficult to obtain for future pneunbcoccal vaccines. As
di scussed, Prevnar ™ was shown to be highly efficacious in a
large trial for the primary endpoint of invasive disease. As a
result, Prevnar™is currently recomrended for universal
i mruni zation of infants in the U S. Therefore, if efficacy
studies are to be required to obtain licensure for a new
pneunococcal conjugate vaccine in the U S., such studies would
need to be designed as a) equival ence studies, using Prevnar ™in
t he conparator group, or b) controlled studies, using placebo or
an unrel ated control vaccine, in the conparator group, depending

on the availability of Prevnar™

in the host country. |If
clinical efficacy were denponstrated for a new vaccine in either
pl acebo-control | ed or non-pneunococcal vaccine controlled
studies, one mght still question whether the new product were
as effective as Prevnar™ unless the efficacy estimte were very
hi gh.

Sonme woul d argue that all pneunpbcoccal vaccine studies

shoul d be conducted as conparative studies, using Prevnar™ in
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the control group, regardless of the availability of Prevnar ™in
t he host country, based on ethical concerns (“Wrld Mdical
Associ ation Declaration of Helsinki; Ethical Principles for

Medi cal Research Invol ving Human Subjects”, 52nd WVA Gener a
Assenbl y, Edi nburgh, Scotland, Cctober 2000).

In order for efficacy trials conducted in foreign countries
to be used in support of U S. licensure of a new pneunococcal
conj ugat e vacci ne, immunol ogical bridging to the U S. popul ation
may be required. Age specific disease incidence and popul ation
differences in genetics, nutritional status, and background
infections may affect the efficacy as well as the inmmune
response induced by a particular vaccine. Thus, if efficacy is
denonstrated in a non-U. S. popul ati on, immnol ogical bridging to
a U S population may be difficult in the absence of a
correl ate.

Studi es denonstrating equival ent clinical endpoint efficacy
for invasive di sease woul d be substantially |arger than pl acebo-
controlled studies and, therefore, would likely require greater
expenditure of resources. Large, sinple trial designs mght be
able to provide essential efficacy data in an economcally
f easi bl e manner, however, this concept has not been explored in
detail. In order to nore fully evaluate the regulatory options
on which to base |icensure of new pneunococcal vaccines, CBER
bi ostati sticians have estinmated sanpl e sizes for conparative
efficacy trials using equivalence trial designs (non-
inferiority) under various assunptions of vaccine efficacy and
pneunococcal disease rates, both for invasive disease and otitis
medi a.

Fut ure pneunococcal conjugate vaccines will |ikely contain

nmore than 7 serotypes. 1In a conparative trial, it is plausible
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that fewer cases of all pneunococcal disease would be observed
in the group receiving an 11- or 13-val ent vaccine, than in the
Prevnar ™ group, while serotype-specific efficacy mght be
superior in the Prevnar ™Mgroup. Therefore, the nore appropriate
endpoint for conparative efficacy studies mght be disease
caused by any pneunococcal serotype. Thus, in planning
equi val ence studies for invasive disease due to all pneunococcal
serotypes, one m ght make assunptions for | ow and high

preval ence areas to estimate sanpl es sizes as shown in Tables 1
and 2 (see attachnment I1).

Avail abl e efficacy estimates for Prevnar ™

in preventing
otitis nmedia due to serotype-specific pneunococcal disease are
substantially lower than for invasive disease. The |evel of
preventive efficacy supportive of an otitis media indication has
not yet been determ ned by FDA. If the |evel of efficacy
reported in the Finnish trial is deenmed sufficient to support an
otitis media indication, an indication for prevention of otitis
medi a based on equival ency to Prevnar ™ coul d be requested by
manuf acturers w thout prior denonstration of protection against

i nvasi ve di sease.

Ef fi cacy studi es based on otitis nmedia endpoints woul d
likely be conducted in a country |ike Finland, where
t ynpanocentesis as therapy for acute otitis nedia is considered
standard of care. Thus, in planning equivalence trials for the
ef fi cacy endpoint of otitis media due to all pneunpbcocca
serotypes, one m ght nake assunptions based on data fromthe

M

Finnish otitis media trial of Prevnar ™Min calcul ating sanpl e

sizes, as shown in Table 3 (see attachnent I1).
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Reconmendi ng bodi es (ACI P, AAP) may not be conpletely
assured that vaccines |icensed based on prevention of otitis
media will be as effective as Prevnar '™in preventing invasive
di sease. However, neither does denonstration of non-inferiority
of inmmune paraneters provide that assurance, in the absence of a
guantitative inmune correlate for invasive disease. It can be
argued that denonstration of prevention of otitis nmedia is a
nore stringent test of vaccine efficacy than prevention of
i nvasi ve disease; the relative efficacy estimates for Prevnar in
preventing invasive disease and otitis nmedia are consistent with

t hat perspective.



Attachment |
DRAFT questions to the conmittee:

1. Wul d non-inferiority imune response trials conparing a
new pneunpcoccal conjugate vaccine with Prevnar ™ be
sufficient for inferring efficacy against invasive di sease
for the new product? |If so, what inmunol ogica

paraneter(s) should be used?

2. What criteria should be considered to eval uate serotypes

not contained in Prevnar™

3. For a new pneunococcal conjugate vaccine, can data
denonstrating clinical efficacy against AOM (acute otitis
nmedi a) al so be used to infer efficacy agai nst invasive

pneunococcal disease?

4. An invasive disease efficacy study nay be perforned in a non
U. S. population(s) with a new pneunpococcal conjugate

vacci ne:

a. |f efficacy is denonstrated, would data derived
fromsuch a trial support licensure of the vaccine in
the U S ?

b. If so, what are the i munol ogic criteria that should
be used to establish conparability to Prevhar™ in U.S.

bridgi ng studi es?



Tabl e 1: Sanple Size Estimates for
| nvasi ve Di sease Study in Low Preval ence Popul ati on,

Vacci ne X

Assunpti on:
Popul ation is 0.0015 (e.qg.,

At t achnent

| nvasi ve Di sease Case Rate

i n Unvacci nat ed
U.S. Children < 2 years of age)

Non-inferiority Conparative
Prevnar vs.

Acceptable Difference in Efficacy
Bet ween Prevnar ™ and Vaccine X

Vacci ne 10% 15% 20%

Efficacy | Case Rate | Case Rate | N per Case Rate | N per Case Rate | N per
Estimate [ prevnar™ Vax X group Vax X group Vax X group

G oup G oup G oup G oup

0.70 0. 00045 0. 0006 247191 0. 000675 109863 | 0. 00075 61798
0.75 0. 000375 0. 000525 206008 0. 0006 91560 0. 000675 51502
0. 80 0. 0003 0. 00045 164819 0. 000525 73253 0. 0006 41205
0.85 0. 000225 0. 000375 123624 0. 00045 54944 0. 000525 30906
0.90 0. 00015 0. 0003 82422 0. 000375 36632 0. 00045 20606

Tabl e 2: Sanple Size Estimtes for
| nvasi ve Di sease Study in H gh Preval ence Popul ati on,

Non-inferiority Conparative
Prevnar ™

vs. Vaccine X
Assunption: Invasive Di sease Case Rate in Unvaccinated
Popul ation is 0.005 (e.g., Native Anerican Children < 2 years
of age)

Acceptable Difference in Efficacy

Bet ween Prevnar ™ and Vaccine X
Vacci ne 10% 15% 20%
Efficacy [ Case Rate | Case Rate | N per Case Rate | N per | Case Rate | N per
Estimate [ Prevnar™ Vax X group Vax X group Vax X group
G oup G oup G oup G oup

0.70 0. 0015 0. 002 74080 0. 00225 32925 0. 0025 18520
0.75 0. 00125 0. 00175 61749 0. 002 27444 0. 002 15438
0. 80 0. 001 0. 0015 49411 0. 00175 21961 0. 00175 12353
0.85 0. 00075 0. 00125 37068 0. 0015 16475 0. 0015 9267
0.90 0. 0005 0. 001 24718 0. 00125 10986 0. 00125 6180

Sanple size estimates w | |
vacci ne efficacy between Prevnar '

I ncrease as the acceptable margin in
and Vacci ne X decreases,

M

with lower true efficacy of Prevnar ™
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Tabl e 3:

Qitis Media Study,

Assunpti on:
Gitis Media Case Due to Al

Sanpl e Size Estinmates for
Prevnar ™ vs.

Bri ef i ng Docunent

Vaccine Efficacy Estimte for

Non-inferiority Conparative
Vacci ne X

Prevention of Acute
Pneunpcoccal Serotypes is 0.34°

Accept abl e Vaccine Efficacy
AOM Case Rate For Vaccine X
Unvacci nat ed 0. 30 0. 275 0.25
Popul ati on Case Rate Case N per Case N per Case N per
(person yrs)” | Pr evnar ™ Rat e group Rate Vax | group | Rate Vax | group
G oup Vax X X G oup X G oup
G oup
0.40 0. 26 0.28 5948 0.29 2644 0. 30 1487
0.35 0.23 0. 245 9733 0.25 3802 0.263 2011
0. 30 0. 20 0.21 19785 0. 22 6107 0. 225 3166

"Prevnar efficacy estimate and approximate case rates (inferred) from Eskola J, et

NEJM 344: 403- 8.

Sanple size wll

otitis media due to pneunbcocca
acceptable difference in efficacy conpared to Prevnar ™ narrows.

al's, 2001,

i ncrease as the background preval ence of acute

serotypes decreases, and as the



