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1 Signatures

| have read this clinical study report and confthrat to the best of my knowledge it accurately
describes the conduct and results of the clinicalysas outlined in the protocol. The study was
performed according to the Good Clinical Practi@€P) guidelines in operation at the time of
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2  Synopsis
Name of Sponsor: Individual Study Table
Bavarian Nordic A/S Referring to Part
:\Il/?\r/n:Moali\:llgl@s),hed Product: of the Dossier (For National Authority Use

, , only)
Name of Active Ingredient: Volume
Modified Vaccinia Ankara -
Bavarian Nordic (MVA-BN) Page

Title of Study:

An open-label Phase Il study to evaluate immunazgjgrand safety of a single IMVAMUNE
booster vaccination two years after the last IMVANE vaccination in former
POX-MVA-005 vaccinees.

Principal Investigator:

Study center:

Publication (reference):
None at the date of this report

Clinical development phase:
Phase Il

Study period:
18 August 2008 (first subject screened), 05 Juid® Zlast subject completed follow-up visit)

Primary objective:

To evaluate the immune response elicited by a Bowsccination with IMVAMUNE' two
years after the last vaccination with one or tweedoof IMVAMUNE" (i.e. after one- or two-
dose priming).

Secondary objectives:

To provide data on safety of IMVAMUNEfrom subjects previously vaccinated with one or
two doses of IMVAMUNE' and boosted with one IMVAMUNEvaccination two years after
the last IMVAMUNE- vaccination.

To compare study Group 1 (two-dose priming = MMJ &roup 2 (one-dose priming =MP)
with regard to immunogenicity, safety and reactagignfollowing the booster vaccination
with IMVAMUNE ©.

To evaluate long-term persistence of anti-vaccamgbody titers after two years in former
POX-MVA-005 study Groups 1, 2 and 4 (Group 4: vaiiexperienced (vaccinia-primed) and
IMVAMUNE ® boosted = M-).

Study design:

Open-label, single IMVAMUNE booster vaccination two years after the last IMVIBNE"
vaccination in trial protocol POX-MVA-005. All suégts from the POX-MVA-005 study who
previously received one or two doses of IMVAMURIE.e. study Groups 1, 2 and 4) and
completed the POX-MVA-005 study without major pratbviolations were the source
population for this study. Primarily, the study whesigned as a booster study with 75 subjects
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each from Group 1 (MM) and Group 2 (MP) to be dexbl(booster set). Secondary
immunogenicity objective of this study was the eration of antibody persistence after 2 years
including further subjects of these two groups ambjects from Group 4 (M-). These subjects
plus the subjects from the booster set form theipience set.

The source population from the per protocol set of study POX-MVA-005 was as fol lows:

Group 1 (MM, two-dose primed, N = 168):

Previously vaccinia-naive subjects having recetwazlsubcutaneous (s.c.) vaccinations with
0.5 ml IMVAMUNE" (MM) containing 1 x 1&tissue culture infectious dose 50 (TG§Dfour
weeks apart.

Group 2 (MP, one-dose primed, N = 170):

Previously vaccinia-naive subjects having receiustione s.c. vaccination with 0.5 ml
IMVAMUNE " containing 1 x 1®TCIDs, and a second s.c. vaccination with placebo (0.5 m
Tris buffer) four weeks apart.

Group 3 (PP, placebo control group, N=164) - nigfilde for this study
Vaccinia-naive subjects having received two s.cciations with 0.5 ml placebo (Tris buffer).

Group 4 (M-, vaccinia-experienced (vaccinia-prim&dMVAMUNE " boosted, N = 193):
Previously vaccinia-experienced subjects havingived one s.c. booster vaccination with
0.5 ml IMVAMUNE" containing 1 x 19 TCIDs.

The first 75 eligible and consenting subjects peyups 1 and 2 were planned to be tested op
humoral immunogenicity persistence and subsequesthive a booster vaccination with
IMVAMUNE " approximately two years (-2 / +3 months) afteirttast IMVAMUNE"
vaccination. After a screening visit, the firstaligible subjects should receive a booster
vaccination at Visit 1 and should attend furtherrfstudy visits. All additionally available
subjects of Groups 1 and 2, who were not eligibleeteive the booster vaccination and all
available subjects of Group 4 should have onlysttreening visit that included a blood draw
for persistence testing only.

Number of subjects:

Planned number of subjects to be vaccinated: 1bfests total, 75 subjects each in Group 1
(MM) and Group 2 (MP).

Actual number of subjects vaccinated ("booster)s&B2 subjects total, 75 subjects in Groug
(MM) and 77 subjects in Group 2 (MP).
Number of subjects with a blood draw only ("bloadwl only"): 152 subjects total, 17 subjects
from Group 1, 14 subjects from Group 2 and 121extibjfrom Group 4 (M-).
Total number of subjects with persistence datar§lpgence set”): 304

23-Jun-2010

Group Boosterse! Blood draw only | Persistencese!
Group 1 (MM 75 17 92

Group 2 (MP 77 14 91

Group 4 (M) 0 121 121

total 152 152 304
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Main criteria for inclusion:

Groups 1, 2 and 4:

Male and female subjects who participated in sfe@X-MVA-005 and completed the trial
according to protocol.

Test product, dose, route of administration and lonumber:
Single s.c. booster vaccination of 0.5 ml IMVAMUNEontaining 1 x 19TCIDso MVA-BN®
(lot # 0040707).

Duration of treatment:
Subjects received a single vaccination. Study durasix study visits, up to 36 weeks for each
subject.

Reference product:
Not applicable

Criteria for evaluation:
[mmunogenicity:

Primary endpoint - peak booster rate:
The peak booster rate is the individual peak respai either Visit 2, 3 or 4 (i.e. nominal week
1, 2 or 4) given as percentage of subjects witieeian appearance of antibody titersO in a
vaccinia-specific enzyme-linked immunosorbent aggaySA) for initially seronegative
subjects or an increase of the antibody titer comsgbto baseline for subjects with a pre-
existing antibody titer.

Secondary endpoints:

The booster rate is the percentage of subjectsamitappearance of antibody titer§0 for
initially seronegative subjects as determined by&A., or an increase of the antibody titer
compared to baseline for subjects with a pre-exgstintibody titer for each post-baseline study
visit/time point.
Kinetics and magnitude of the humoral immune respassessed by ELISA geometric mean
titers (GMTS).
Peak booster rate and booster rates for each pestite visit given as percentage of subjects
with appearance of antibody titers in a vaccinia-specific plaque reduction neutetlon test
(PRNT) for initially seronegative subjects or anrgmse of the antibody titer compared to
baseline for subjects with a pre-existing antibttéy.

Kinetics and magnitude of the humoral immune respassessed by PRNT GMTs.
Correlation between antibody titers measured bySALAnd PRNT.

Comparison of antibody persistence 2 years afteeeone-dose (Group 2; MP) or two-dose
(Group 1; MM) priming or after a single booster @iaation in originally vaccinia-experienced
(vaccinia-primed) subjects (Group 4; M-).

Safety:

Occurrence of any serious adverse events (SAEs)lppsprobably or definitely related to the
study vaccine until the last study visit (Follow-ugit).

Occurrence of unsolicited non-serious adverse swugithin 28 days after the booster
vaccination: Intensity, duration and relationskapéccination.

Occurrence of any Grade 3 or 4 adverse events (B&ssibly, probably or definitely related to

A} %4

Bavarian Nordic Restricted Business Proprietary gePaof 78



Clinical Study Report Doc. No. 93000022 23-Jun-2010
Final Version 1.0 POX-MVA-023

the study vaccine within 28 days after the boosdecination.

Occurrence of solicited local adverse reactiontiwibne week (Days 0-7) after the booster
vaccination: Intensity and duration.

Occurrence of solicited general adverse eventamithe week (Days 0-7) after the booster
vaccination: Intensity, duration, and relationstavaccination.

Further safety parameters: Electrocardiogram (E&@)cardiac event assessment, vital signs,
safety laboratory.

Statistical methods:

Demographic data:
Tests for comparison for the main baseline chariaties were performed for the booster set
and the persistence set.

Analysis of safety:
The analysis was based on the safety set. The mwhbdverse events and number of subjects
with at least one adverse event, any related G3amtel adverse reaction to the study vaccing
within 28 days after the vaccination and the nundfeubjects with at least one SAE was to |be
compared between treatment Groups 1 (MM) and 2 (REs and adverse events of special
interest (SIAES) i.e. cardiac AEs were listed safey.

Analysis of immunogenicity:
The primary immunogenicity analysis was based erAlil Analysis Set (FAS). For further
descriptive purposes, the same statistical proesduere applied to the Per Protocol Set (PPS).

The primary immunogenicity endpoint was the peatshber rate based on the ELISA. The
primary hypothesis was that the peak humoral imnmasponse could be re-activated in
subjects within each group by a single booster d6$e!VAMUNE © to an observed level of at
least 95%. Fisher's exact test was applied to tlatgcsignificant differences between Group 1
(MM) and Group 2 (MP).

Additional analyses were performed examining vaeespecific ELISA and PRNT booster
rates using higher stringency definitions for beaste. twofold and fourfold increase in titers
from baseline.

Descriptive statistics and graphical displays weesented as GMT for the ELISA and PRN]
of all groups at all visits. In addition, the difémce between Group 1 (MM) and Group 2 (MF
GMTs was tested for PRNT and ELISA using the norajmeetric Wilcoxon rank test.
Correlations between ELISA and PRNT titers werewaked for each visit.

To assess antibody persistence and the magnitutie bboster reaction a comparison to the
visit with the highest response in POX-MVA-005 vwesformed. The specific data generated
in POX-MVA-005 therefore were added to this regdortreference.

|

\Y)

)

Summary of results:

Demographic results: Subjects in Group 1 (MM) and Group 2 (MP) were camaple in regard
to age, sex, body mass index and ethnic groupsiyriaeing Caucasian. Since these
parameters are also in line with the referring gsoof the source population, the two sub-
samples are representative for the referring spaghylation of POX-MVA-005. For the

Bavarian Nordic Restricted Business Proprietary geFaof 78



Clinical Study Report Doc. No. 93000022 23-Jun-2010

Final Version 1.0 POX-MVA-023

distribution of subjects see table above under ‘memof subjects” (page 4).

Safety results:
AE Group 1 (MM) | Group 2 (MP) | Total
N=75 N=77 N=152
SAE an 2 0 2
SAE relate 0 0 0
Cardiac AE any (SIAE 2 1 3
Cardiac AE relate(SIAE) 0 0 0
Unsolicited related AE> Grade . 1 0 1
Solicited general related /> Grade . 2 1 3
Solicited local AE> Grade . 2 4 6

AEs with a suspected relationship to the study vecmcluded mostly AEs in the system organ
class (SOC) "General disorders and administrattercenditions", with 96.7% of subjects
reporting at least one event within this SOC. Thesthcommon vaccine-related AEs are listed
below.

AE Group 1 (MM) Group 2 (MP) Total

Injection site erythen 80.0% 84.4% 82.2%
Injectior site pail 77.3% 83.1% 80.3%
Injection site induratic 77.3% 75.3% 76.3%
Injection site swellin 68.0% 62.3% 65.1%
Injection site pruritu 40.0% 46.8% 43.4%
Fatigue 24.0% 31.2% 27.6%
Myalgia 22.7% 23.4% 23.0%
Headach 16.0% 24.7% 20.4%
Nause 6.7% 14.3% 10.5%

I mmunogenicity results:

Booster rates. The primary hypothesis to achieve a peak booateraf at least 95% determin
by vaccinia-specific ELISA was achieved. A singtmbter vaccination led to peak booster
rates of 100% in Groups 1 and 2. Using the moregant criteria - twofold or fourfold
increase of titers - the percentages were stilllpdlae same. Vaccinia-specific PRNT peak
booster rates of 98.7% were achieved.

D

Frequencies of booster responses in two-dose (GrotgMM)) vs one-dose (Group 2 (MP)
rimed subjects

Group 1 (MM) Group 2 (MP)

Booster assessment N=75 N=77

Peak booster re 100% 100%
ELISA | twofold increase in tite 100% 100%

fourfold increase in titt 96.0% 100%

Peak booster re 98.7% 98.7%
PRNT twofold increase in tite 98.7% 98.7%

fourfold increase in tite 98.7% 97.4%

Magnitude of booster responses: ELISA titers rose rapidly following booster vacation in
both study groups. Groups 1 and 2 achieved simil&BA titers (1822 and 1724, p = 0.665)
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given as GMT based on individual peak measures.paoed to the visit with the highest
priming response of the two-dose primed Group 1 (MGMT Week 6 = 492) in study
POX-MVA-005, the booster response was 3.7 (18229/48d 3.5 (1724/492) time stronger fd
Group 1 and Group 2, respectively. For Group 2 (G Week 4 = 59 in study POX-MVA-
005), the booster response was 29.2 times (172#iB9eak of the priming response.
Neutralizing antibody titers rose rapidly followingvaccination as was seen for GMTs
measured by ELISA. PRNT peak GMTs were 166 and(f%70.113) in Group 1 (MM) and
Group 2 (MP), respectively.

=

Antibody levels (GMT) - persistence, booster and coparison of Group 1 (MM) and
Group 2 (MP) to Group 4 (M-) (vaccinia-primed and IMVAMUNE © boosted) — reference
to POX-MVA-005

ELISA PRNT
Time point Group 1 Group 2 Group4 | Group1l Group 2 Group 4
(MM) (MP) (M-) (MM) (MP) (M-)
*N= 168/92/75 | 170/91/77 | 193/121/- | 168/92/75 | 170/91/77 | 193/121/-
WeekO0 1 1 43 1 1 24
POX- Week 2 27 29 627 5 5 192
MVA- Weel 4 71 59 472 8 7 152
005 Weel 6 492 41 - 45 6 -
Weel 8 327 23 - 33 4 -
Weel 26 27 5 197 7 2 116
2 year:
(Baseline 23 6 135 1 1 10
POX- Weel 1 (V2) | 73¢€ 49C - 54 28 -
MVA- Weel 2 (V3) | 168¢ 160¢ - 12t 81 -
023 peal 1822 1724 - 16€ 117 -
Weel 4 (V4) | 125t 1211 - 64 49 -
Weel 26
(FU) 462 383 - 49 26 -

*N= PPS of POX-MVA-005 / persistence set (two ygatsooster set [FAS of POX-MVA-023])

Persistence: 71.7% (66/92) of subjects in Group 1 (MM) and 42.89/ 91) of subjects in
Group 2 (MP) were still seropositive two years laftee last vaccination. The ELISA GMTs
two years after the last vaccination (baselingticr study) were significantly different: 23 in
Group 1 (MM) and 6 in Group 2 (MP). The persisteatantibodies two years after priming
was low for IMVAMUNE?® primed subjects (Groups 1 and 2), but was at #sitevel as
vaccinia-experienced (vaccinia-primed) subjeciBat 0 (baseline) in POX-MVA-005.

Comparison of the booster response and long-term antibody level after boosting of Group 1
(MM) and Group 2 (MP) back to the original booster response in Group 4 (M-) in POX-MVA-
005:

Compared to the booster of Group 4 (M-) at Weetk ROX-MVA-005 (ELISA GMT = 627),
the peak response after booster vaccination in RAYA-023 was 2.9 (1822/627) and 2.7
(1724/627) times stronger in Group 1 (MM) and Gr@uMP), respectively. Six months
(Week 26) after the booster immunization the ELISKT ratio of Group 1 (MM) and Group
(MP) were still 2.3 (462/197) and 1.9 (383/1974fbigher, respectively, compared to Group 4
(M-) (at Week 26 in POX-MVA-005).

PRNT antibody titers measured 26 weeks after tlosteo vaccination seem lower in recently

N
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primed subjects (Groups 1 and 2 in POX-MVA-023¢amtrast to subjects, who were primed
longer time ago (Group 4 (M-) in POX-MVA-005). Twears after priming the PRNT titer
dropped to a GMT of 10 in Group 4.

Correlation of ELISA and PRNT: The overall correlation coefficient between the tests was
0.595 (p < 0.0001).

Conclusions:

All subjects showed a booster response to IMVAMUN&Evaccination two years after
priming. By this, the primary objective of this djuwas achieved and the primary
hypothesis of at least 95% of subjects showingastaw response was fulfilled.

Both groups showed a fast and strong booster regpadicating a rapid immunologica
memory response.

The booster response in subjects after one-dosengriwas of similar magnitude as in
subjects after a two-dose priming schedule indicgihat IMVAMUNE® induces a
strong immunological memory even after one-dosaipg.

The ELISA booster response in subjects primed with or two doses of IMVAMUNE
two years previously was stronger than the bosstponse in vaccinia-primed subject
However, the time interval between priming and biogswas much longer in the latter
group (>35 years).

\*2)

The interpretation of the booster response doeshartge whether based on ELISA or
PRNT. PRNT titers, however, were considerably lothan the ELISA titers. Both tests
are correlated (r = 0.595).

The persistence of ELISA antibodies two years aftgning was low for IMVAMUNE®
primed subjects (Groups 1 and 2), but was at damieivel as vaccinia-primed subjects| at
Week 0 (baseline) in POX-MVA-005. Six months atteosting, however, the ELISA
antibody levels in Groups 1 and 2 were higher ihahe vaccinia-primed group (Group
4)

IMVAMUNE ® was safe and well tolerated when administeredtamater vaccination in
healthy young subjects. There was no differencehdgnesubjects had received priming
vaccination with one or two doses of IMVAMUNEwo years ago.
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