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STUDY SUMMARIES
I. Brief study summaries

Protocol 025 was initiated prior to licensure of Varivax, and included 10-year followup of
children aged 12 months to 12 years of age, immunized with one or two doses of vaccine.
In protocol 025, the two vaccine doses were administered at a 3 month interval. This was
an open, randomized, multicenter study, including 2216 subjects (1102 in the two-dose
group) with a mean age of 4.0 years. Its initial goal was to assess immunogenicity, so no
provision was initially made to assess efficacy. However, breakthrough varicella
incidence was quantified, allowing comparisons between 1 and 2 dose regimens, as well
as with historical rates of varicella. In addition, breakthrough rates after household
exposures were compared with historical rates of household exposure transmission.

Other endpoints were immunogenicity and safety.

Protocol 007 studied the safety and immunogenicity of providing a second dose of
varicella vaccine, 3-6 years after an initial dose. This was an open, randomized,
multicenter study, initially of just one dose of vaccine. After 3-6 years, a subset of 422
subjects (mean age: 3.7 years at 1st immunization; 417 of whom were 1-12 years of age
at the time of initial vaccination, the remainder were 13-17) received a second dose of
vaccine from the 1991 consistency lots (all >1350 pfu/dose). Immunogenicity and safety
were major endpoints of the study. In addition, breakthrough rates were passively
followed for 10 years. Some of these children (265) received initial doses below 1350
pfu.

Protocol 014 (Proquad) was a double blind, multicenter randomized study that evaluated
a second dose of Varivax given concomitantly with a second dose of MMR-11 at 4-6

years of age (N=195), as a control group for administration of MMRYV at this age. Mean
age at dose 2: 4.3 years. Endpoints were safety (42 day follow-up) and immunogenicity.
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I11. Ages studied

The mean ages at time of the second dose were: Protocol 025: 4 years (1102 subjects);
Protocol 007: about 9 years (417 subjects); Procol 014: 4.3 years (195 subjects). Subject
demographics are summarized in tables 2.7.3.ped2dose: 10, 11 and 12. From these
tables, it may be seen that the studies included 113 children aged 12-15 months, and 208
children aged 16-24 months at the time of vaccination for a total of 321 children in the 1-
2 year age group at time of initial vaccination. This age group is among the most
important, because this age group corresponds with likely first vaccinations for most U.S.
children. An further analysis of children in the 1-2 year age group at the time of second
vaccination is presented under “Benefit” in section 111.C.

Table 2.7.3-ped2dose: 12
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Range 4106
Male 4106
Female 4105
Race
Alrican American 25 (12.8)
Asian/Pacific 3 1T<1
Chucasian li.\ r?x.:n
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IV. Dose intervals studied

Protocol 025: 3 months between doses (1102 subjects)
Protocol 007: 4-6 years between doses (417 subjects)

[Ref. 5.3.5.4; R3]

Protocol 014: ~ 3 years between doses, assuming most initial vaccinations at 12-18

months (195 subjects)
V. Duration of studies

Protocol 025: 10 years
Protocol 007: 10 years

Protocol 014: short term (6 week immunogenicity & safety endpoints)



BENEFIT
I. Public health and individual benefit of better VZV vaccine responses

Overall, better VZV vaccine responses (if achievable) would plausibly be associated with
improved public health, both on the individual and population level. Boosting of VZV
vaccine responses could potentially reduce concerns about duration of vaccine efficacy.
These concerns are important because, if immunity were insufficient in adults, they might
be susceptible to more severe disease, and if immunity were insufficient in women who
subsequently become pregnant, their children might be more susceptible to congenital
varicella syndrome. In addition, studies of outbreaks suggest that individuals with weak
anti-VZV responses may be at greater risk of further transmitting the virus. Reduction in
transmissibility or incidence of breakthrough disease would reduce exposure likelihood
for the unvaccinated, including those in whom vaccine is contraindicated.

I1. Evidence of improved efficacy
A. Efficacy endpoint

A laboratory-confirmed case of varicella was diagnosed if a varicella-like illness was
reported and a antibody titer was consistent with a case (either 4-fold increase between
acute and convalescent with one titer >=200 U/ml or both acute and convalescent titers
>= 200 U/ml) observed, at least 42 days after vaccination. Laboratory findings were
considered suggestive if there was a 4-fold rise and at least one titer was 50-199 U/ml.
Cases in which serum was missing or insufficient are included as cases in the summary of
subjects with breakthrough varicella. Cases meeting none of these three criteria (i.e.,
laboratory confirmed not to be varicella) were considered not to be varicella-- otherwise,
all cases were counted (Vol 5 of 9, p. 15).

Based on the originally submitted material, these criteria could theoretically have led to a
slightly increased chance of failure to identify varicella in the 2-dose group. Because the
2-dose group is likely to have higher antibody titers, there might be individuals in this
group who have high acute titers (but less than 200), but because their titer is high, a
reduced chance of experiencing a 4-fold titer increase in response to a true breakthrough
event. Examination of the data from the study suggested that this may have occurred, as
there were no cases serologically confirmed not to be varicella in the one-dose group
(Table 3, Vol. 5, p. 24), but there were 7 such cases in the two-dose group (Table 4, Vol.
5, p. 25). To address this issue, a supplementary analysis was performed and submitted
on 3/3/2005, confirming that even if these cases of varicella that were excluded on
serological grounds are included in the analysis, the results of the studies do not change.

B. Efficacy & Control groups

Efficacy was examined by comparing breakthrough rates with expected wild-type
infection rates in unvaccinated individuals, based on historical data. Use of this



technique to arrive at a clear efficacy estimate is difficult, because wild-type exposure
rates may depend on a variety of factors, including age, day care and school exposure,
relative vaccination rate of exposure cohort, etc.

For the long-term
breakthrough Table 2.7.3-ped2dose: 3
studies, background

Estimated Vaccine Efficacy for Children Who Received 1 or

exposure rates were 2 Doses (Given 3 Months Apart) of Varicella Vaccine (Active Follow-Up)
assumed to be : (VARIVAX™ Protocol 025)
[ ™ TR

14.1%lyear, based AT T
on aQE'matChed N SN=TE) p-Value
data fl‘om the Number of subjects at start of long-term follow-up e e
Kentucky StUdy Of Toral person-years over 10 years of follow-up | 8025.81 749954
Finger, etal.. For

Observed average annual incidence rate of varicella
hOUSGhOld postvaccination (95% CI) 0.8% (0.6%, 1.0%) L

exposures, they
were assumed to be B e e e
87%l/exposure,
based on the study f::[;-:::ibzf:cl!?:l;if;c:t: L 94.3% (92.8%, 95.6%) | 98.3% (97.3%.99.0%) | <0.001
of Ross. Based on T

these assumptions,

the aggregate efficacy of vaccine in protocol 025 is shown in table 2.7.3-ped2dose:3.
Estimated efficacy for the single dose regimen was 94.3%, and for the two-dose regimen
was 98.3%. While it is possible that the assumed exposure rates overestimated actual
exposures, and that vaccine efficacy was not actually this high, the 2-dose regimen
clearly provided a statistically significant advantage in efficacy as compared with the
single dose regimen.

14.2% 13.9%

C. Duration of efficacy

Duration of vaccine efficacy was evaluated both by examining breakthrough rates over
time, both in general and in response to household exposures



Tables 2.7.3-
ped2dose:1
and 2 show
breakthrough
rates over the
ten year
follow-up
period, both
with one and
with two
doses.
Cumulative
breakthrough
rates were
dramatically

lower over time

in the 2-dose
than in the
single-dose

group. Of note,

in the 2-dose

group, No cases
of varicella were

observed
between years

7-10 (although 2

were re-

vaccinated). In

contrast, there

were 14 cases in
the single-dose

group in this

time frame (also

with 2

revaccinations).

Thus, the
significantly
improved
protection
afforded by 2

doses appears to
last at least 7-10

years based on
these
breakthrough
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Tahle 2.7.3-ped2dose: 4

Annual Report of Household Exposure to Varicella Following a 1-Dose Regimen of Varicella Vaceine
(Active Follow-Up)
Number Vaccinated = 1114
{(VARIVAX™ Protocol 025)
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data, Table 2.7.3-ped2dose: 3
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time, either in
the single or the two-dose groups, and certainly was no higher in the two-dose group.

Efficacy also was estimated after household exposures. While household exposures are
rarer than community exposures, the high rate of transmission after a household exposure
(around 90% in most series, and estimated at 87% by Ross) affords another opportunity
to estimate vaccine efficacy under more stringent conditions.

Household exposure results are shown in tables 2.7.3-ped2dose:4 and 5. The total number
of household exposures was comparable between the 1 and 2-dose groups. Although the
number of cases was small, there appeared to be better efficacy in the 2-dose than the
single dose group. Based on the historical transmission rate of 87%, this translates to a
vaccine efficacy after household exposure of 90.3% [81.7-95.7%)] for the single dose, and
96.4% [89.8-99.3%] for the two-dose regimen. Again, it appears that the two-dose
regimen is more efficacious than the single-dose regimen. There were not a sufficient
number of household exposures to determine whether this efficacy declined over time or
to show a statistically significant difference, however.

In protocol 007, a total of 2 cases of breakthrough varicella were reported over the 10-
year follow-up period (Vol. 1 of 1, p. 14). Because this follow-up was passive, there may
have been additional cases, especially considering that all of these individuals were in
their teens or even twenties by the end of the study. However, this low number of reports
IS consistent with vaccine efficacy over this observation period.



I11. Evidence of improved immunogenicity
A. GMTs and proportion with titer above 5 U/ml
If 2 doses of vaccine are truly better than one, one would expect to see improved immune

responses. For varicella vaccines, a gpELISA titer above 5 is considered to correlate with
statistically significant protection. Thus, the proportion of individuals with titers above 5

is of substantial interest. In addition, the geometric mean titers, as a measure of general
vaccine immunogenicity, are of interest. Of less interest is the seroconversion rate, as
previous analyses have not shown clinical correlations simply with seroconversion (and
in fact, low level seroconversion wasn't necessarily better than non-conversion in
preventing breakthrough disease).

Protocol 025 007 014
# enrolled in 2-dose | 1102 417 195
arm

# with serology 769 356 171

available after dose
2

% with serology 70%

available

85% 88%

Interpretation of the
serological data should
also consider the fact that
serology wasn't available
on some of the subjects.
The reasons for missing
data were independent of
titer level, so this missing
data does not
significantly interfere
with interpretation of the
study results.

Table 2.7.3-
ped2dose:13
summarizes the
6-week
immunogenicity

Table 2.7.3-ped2dose: 13

Comparison of Immunogenicity Results per Dose Across
VARIVAX™ Protocols 025 and 007, and ProQuad™ Protocol 014

Dose | Dose 2

6 Weeks Postdose | Predose 2 6 Weeks Postdose 2 3 Months Postdose 2

Percentage ° Percentage Percentage Percentage

of Subjects of Subjects of Subjects of Subjects
Varicella Vaccine | with Titer | GMT | WithTiter | GMT | WithTiter | GMT | WithTiter | GMTs
Timing of Doses | >5 gpELISA =5 gpELISA =5 epELISA =5 gpELISA

(Clinical Study) Units/mL Units/mL Units/mL Units/mL
0 & 3 months
87.3% 99.5%
(VARIVAXT™™ (743/851) 12.8 N/A N/A (7657769) 141.5 N/A N/A
Protocol 025)
0 & 410 6 years i ,
= 86.5% = 84.7% 100% onaiat 99.7% 5
;Y(ﬁ':;’&ﬁ:" Guamy | 1% | @osaeny | 268 wwent | 23 [ assnssy [ 1264
4 10 6 years of age s 7
(ProQuad™ N/A N/A i os 24.6° 248 2093 N/A N/A
3 (152/171) (170/171)
Protocol 0147)
7 Not per-protocol planned visils.
* The second dose was administered concomitantly with M-M-R™II during the study in children 4 to 6 years of age. after a
primary dose of VARIVAX™ and M-M-R™II previously administered in routine clinical practice.

¥ Predose 2 time point is presented instead of 6 weeks Postdose 1, for which data were generally not available.
gpELISA = Glycoprotein enzyme-linked immunosorbent assay.
GMT = Geometric mean titer.
N/A = Not applicable.

[Ref. 5.3.5.4; R2]. [Ref. 5.3.5.4; R3], [Ref. 5.3.5.1; PO14]
Table 2.7.3-ped2dose: 7

Summary of VZV Antibody Respenses at 6 Weeks Postdose | and 6 Weeks Postdese 2
in Initially VZV-Seronegative Children
(Per-Protocol Analysis)
VARIVAX™ Protocol 025
(Two Doses Given 3 Months Apart)

results across
the studies. In
these three
studies,
regardless of
interval between

Enddpain

VARIV AN
2-Lwosc Regitien
N=1102)

: 0
T o8 gpELISA uniimiL. | 892
5 s




doses or age of vaccinee, the two dose regimen led to GMTs between 141.5 and 212.3,
substantially higher than that after a single dose or prior to the second dose in the same
individuals. At 6 weeks post dose 2, >99% of vaccinees had titers above 5 U/ml. At 3
months post-dose 2, titers may have begun to wane (in protocol 007), but >99% were still
above 5 U/ml and the 6 week sample was smaller, possibly biasing the result.

Table 2.7.3-ped2dose:7 shows the result from protocol 025 in more detail, also including
the single dose group. The result in the single dose group was comparable to that after
the first dose in the two-dose group.

Table 2.7.3-

ed2dose:8 SEIE T N L L L deldite B LS )
ouws the o Tt 2ot Mot ot 3 e i 0 o P
result from L RTnl e R Tl T Vit Ao oy sy
protocol 007 |
inmore detail. | ...
Examination o o T
of the
confidence
intervals
makes the
significance of
the differences

between the

Table 2.7.3-ped2dose: 8

one and two Table 2.7.3-ped2dose: 9
dose regimens . :
| 9 summary of Antibody Responses to VZV at Prevaccination and Postvaccination in
Clearer. Subjects Who Had Previously Received M-M-R™II and VARIVAX™
(ProQuad™ Protocol 014)
Table 2.7.3- M-M-R'™II + VARIVAX ™
. (N=195)

pedZdoseg Observed Response

ShOWS the Time Point Parameier n (95% CI)
Prevaccination GMT (gpELISA units/mL) 171 24.6 (19.1, 31.8)

result from % =5 epELISA units/mL 171 88.9% (832%. 932%)

MMRV | 6 weeks postvaccination GMT (gpELISA units/mL) 171 2093 (171.2,.255.9)

% >5 gpELISA units/mL 171 99.4%  (96.8%. 100%)

‘Percentages were calculated as the number of subjects who met the criterion divided by the number of subjects
ontributing to the per-protocol analysis. :
Number of subjects in vaccinated in study group 3.

protocol 014
in more detail.

- Number of subjects contributing to the per-protocol analysis.
Agal n, the PELISA = Glycoprotein enzyme-linked immunosorbent assay.
1 'GMT = Geomelric mean titer.
?Onfldence L Cl= Confidence interval.
intervals show [ iRer5.35.1; Poi4]
significant

improvements in immunogenicity with two doses as compared with one.

The effect on immunogenicity of a second dose also may be seen graphically by
examining the reverse cumulative distributions of antibody titers. In each study (see



figures 2.7.3-ped2dose:1, 2, and 3) the second dose caused a significant shift in antibody
titer distribution.

Figure 2.7.3-ped2dose: |

Reverse Cumulative Distribution of VZV Antibody Titers
at 6 Weeks Postdose 1 and 6 Weeks Postdose 2 by Vaccination Regimen of
Varicella Vaccine in Initially Seronegative Subjects
* (VARIVAX™ Protocol 025)
Two Doses Given 3 Months Apart

Figure 2.7.3-ped2dose: 2

‘Reverse Cumulative Distribution of VZV Antibody Titers at 6 Weeks

daose |, Immediately Predose 2, and at 7 1o 10 Days, 6 Weeks, and 3 Months

se 2 in Initially VZV gative Subj Subjects 12 Months 1o 12 Years of
(a1 Dose 1) Who Received 2 Doses of Varicella Vaccine 4 w0 6 Years Apart

(Amendment 07 of VARIVAX™ Protocol 007)
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LPELISA Titer (Log,, Scale)
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2 A

EPELISA = Glycog engyme| assay. 1891 Preduction Lots (VARIVAX™ by the 0.6-6-6 Process),
GMT = Geometric mean titer (in gpELISA wnits/mL). - &= Number of subjecss who contributed o the summary and the corresponding GMT-
P} = Postdose. FPELISA = Glycop yme-linked assay
Refl. 5.3.5.4: R2| GMT = Geometric mean titer (in gpELISA uniss'ml)
P = Posadose.

VEV = Varicella-zoster vins,
| [Ref. 5,354 R3]

Figure 2.7.3-ped2dose: 3

1 Reverse Cumulative Distribution of VZV Antibody Titers
[ Prevaccination and Postvaccination in Subjects Who Received Concomitant
Administration of VARIVAX™ and M-M-R™I]
and Had Previously Received M-M-R™ ][ and VARIVAX™
(Per-Protacol Population)

. ProQuad™ Protocol 014
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10 o

1 5 10 100
epELISA Titer (Logy Scale)
n = Number of subjects who contributed to the summary and the comesponding GMT.
£pELISA = Glycoprotein enzyme-linked immunosorbent assay.

GMT = Geometric mean titer (in gpELISA units/mlL).
[Rel. 5.3.5.1; PO14]

B. Duration of immunogenicity

The duration of immunogenicity was examined both in study 025 and 007. Antibody
responses were measured on an annual basis after immunization for about 10 years.
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In protocol 025, see Table 7 (Vol. 6, pp. 38-39) subjects who received a single dose
gradually experienced a rise in antibody titers from a GMT of 12.5 U/ml 6 weeks after
immunization, to 50.3 5 years after immunization. Until year 10, antibody titers stayed at
approximately this level (range: 49.4-58.0). Subjects who received two doses (at a 3
month interval) started with titers (GMT) at 142.6 at 6 weeks after immunization. By
year 2, titers were lower, at 32.0, and by year 3 were 24.6. Thereafter, titers followed a
pattern similar to that of the single dose of vaccine, with titers stabilizing around 50
U/ml. These results are graphed immediately below.

Titer by time
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Thus, in protocol 025, the advantage with respect to antibody response of two doses
appeared to mostly vanish within 2 years of immunization. This may (in part) be due to
(non-inoculation based) boosting of both single and 2-dose populations, which probably
accounted for the increase in titer of GMTSs in both populations after year 2. This
boosting could have been a result either of exogenous VZV exposures, or of internal
boosting due to reactivation of vaccine strain (as previously hypothesized).

In protocol 007 (see table 2.7.3-ped2dose:15), subjects who received a single dose
gradually experienced a rise in antibody titers over 4 years of follow-up, from 16.5 6
weeks after immunization and 12.8 one year after immunization, to a GMT of about 30
U/ml. Subjects who received two doses of vaccine started with higher titers, around 120
U/ml. Within one year, this titer dropped to 59.1, and the titer stayed at approximately
this level (range: 44.7-73.3) over the entire 10 year follow-up period.
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