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1. Background information on the procedure

1.1. Submission of the dossier b
The Applicant Sanofi Pasteur SA submitted on 2 March 2016 an application for marketing aut@ation to
the European Medicines Agency (EMA) for Dengvaxia, through the centralised procedurg fdlimg within the
Article 3(1) and point 1 of Annex of Regulation (EC) No 726/2004. {\

The Applicant applied for the following indication O

“Dengvaxia is indicated for the prevention of dengue disease caused by denguelvi serotypes 1, 2, 3
and 4 in individuals 9 through 60 years of age living in endemic areas. The Dengvaxia should be
based on official recommendations.”

The Applicant has changed to Sanofi Pasteur during the procedure at D@Bl.
The legal basis for this application refers to: k
Article 8.3 of Directive 2001/83/EC - complete and independe g«cation

The application submitted is composed of administrative inf i9n, complete quality data, non-clinical
and clinical data based on Applicants’ own tests and studi nd/or bibliographic literature
substituting/supporting certain test(s) or study(ies).

Information on Paediatric requireme@

Pursuant to Article 7 of Regulation (EC) No 19@006, the application included an EMA Decision
P/0174/2015 on the agreement of a paediatric investigation plan (PIP).

At the time of submission of the applica@the PIP P/0174/2015 was not yet completed as some
measures were deferred. 0

Information relating to fban market exclusivity

Similarity {

Pursuant to Article 8 Rethion (EC) No. 141/2000 and Article 3 of Commission Regulation (EC) No
847/2000, the Appli xd not submit a critical report addressing the possible similarity with authorised
orphan medicinal mts because there is no authorised orphan medicinal product for a condition
related to thepr@d indication.

N\

New acti ubstance status

The Ap Q requested the active substance contained in Dengvaxia dengue tetravalent vaccine (live,
at n@ﬂ), consisting of chimeric yellow fever dengue virus serotypes 1, 2, 3 and 4 (live, attenuated),

nsidered as a new active substance, as the Applicant claims that it is not a constituent of a
medjcinal product previously authorised within the European Union.
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Scientific advice

The Applicant received Scientific advice from the CHMP:

Scientific advice date Area

EMA/CHMP/SAWP/430177/2013 25 July 2013

The scientific advice pertai 0
clinical aspects of the d

£

EMA/CHMP/SAWP/827728/2015 26 February 2015

The scientific advi&@ined to
quality aspects of{e ossier

EMA/CHMP/SAWP/374073/2015 25 June 2015

The scientific Q pertained to
clinical asp%f the dossier

1.2. Steps taken for the assessment of the product

)

The Rapporteur and Co-Rapporteur appointed by the CHMP w

Rapporteur: Bart Van der Schueren Co-Rapporteur: Sol Ruyj

S
,00

The application was received by the EMA on /

2 March 2016

The procedure started on

\O

24 March 2016

The Rapporteur's first Assessment Report was cir Iata:l to all CHMP
members on 6

15 June 2016

)
The Co-Rapporteur's first Assessment Reporths circulated to all CHMP

members on &
,

10 June 2016

The PRAC Rapporteur's first Assessm rkBlport was circulated to all

PRAC members on

24 June 2016

The CHMP agreed on the conso List of Questions to be sent to the
Applicant during the meet|

21 July 2016

The Applicant submitted ponses to the CHMP consolidated List of
Questions on
\

17 January 2017

The following GCP t|on was requested by the CHMP and their
S|derat|on as part of the Quality/Safety/Efficacy

outcome taken i
assessment o product:

A GCP |ns at 6 sites (5 investigator sites in Vietham and one

investi
Nove mme The outcome of the inspection carried out was issued

ite in Indonesia) has been conducted between August and

23 December 2016

Rapporteurs circulated the Joint Assessment Report on the
responses to the List of Questions to all CHMP members on

2 March 2017

The PRAC agreed on the PRAC Assessment Overview and Advice to
CHMP during the meeting on

9 March 2017
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The CHMP agreed on a list of outstanding issues in writing to be sent to
the Applicant on

23 March 2017

The Applicant submitted the responses to the CHMP List of Outstanding
Issues on

26 March 2018

DN\

The Rapporteurs circulated the Joint Assessment Report on the
responses to the List of Outstanding Issues to all CHMP members on

Q/U

11 April 2018

The CHMP agreed on a second list of outstanding issues in writing to be
sent to the Applicant on

SAG was convened to address questions raised by the CHMP on 26 April
2018

The CHMP considered the views of the SAG as presented in the minutes
of this meeting.

D

Ca
26 April 29’(?{'}
£\
30 Apii/ 2018

S

The Applicant submitted the responses to the second CHMP List o

f
Outstanding Issues on (
Q

)

Y

29 June 2018

discussion within the Committee, issued a positive o or granting a
marketing authorisation to Dengvaxia on

N@r

N

The Rapporteurs circulated the Joint Assessment Report on <7 6 September 2018
responses to the List of Outstanding Issues to all CHMP on
The CHMP, in the light of the overall data submitted a % scientific 18 October 2018
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2. Scientific discussion
2.1. Problem statement

2.1.1. Disease or condition b

Dengue disease is a mosquito-borne viral disease. The four dengue virus serotypes (DENV 142/ 3, and 4)
are transmitted by mosquitoes of the Aedes family, primarily Aedes aegypti. The infec;ci issmostly

asymptomatic or causing mild, flu like illness but it can develop into a potentially lethal N ation called
severe dengue, including dengue haemorrhagic fever/dengue shock syndrome (DH ). Infection by

each serotype is considered to induce serotype-specific lifetime immunity.

Dengue disease is a major public health concern in more than 100 countries.*i!gl he four dengue virus

serotypes found in tropical and sub-tropical regions, including some Europeq ions.
h

The global incidence of dengue has grown dramatically in recent decadgﬁ alf of the world's
population is now considered at risk of infection by the dengue viruses. rldwide, an estimated 390
million dengue infections occur every year, of which around 100 miflion are associated with clinical
manifestation of dengue. Around 2 million cases evolve to severe e, and around 20,000 cases would
result in death. Severe dengue is a leading cause of serious iII@and death among children in endemic

countries. Q

2.1.2. Epidemiology and risk factors \O

Risk factors
Epidemiologic studies have identified young agé, Qale sex, high body-mass index, virus strain, and
genetic variants of the human major—histocomﬁiIity—complex class I-related sequence B and
phospholipase C epsilon 1 genes as risk f rs for severe dengue. Young children in particular may be
less able than adults to compensate for @ary leakage and are consequently at greater risk of dengue
shock. Host genetic determinants mig@ luence the clinical outcome of infection, though most studies
have been unable to adequately a this issue. Secondary infection, in the form of two sequential
infections by different serotypes,i 0 an epidemiologic risk factor for severe disease. Mechanistically,
increased risk in secondary inf{ is thought to be linked to antibody-dependent enhancement of virus

infection in Fc receptor-bearing,cells and the generation of a large infected cell mass in vivo, which might
promote capillary perme.

Chronic disease (broN asthma, sickle cell anaemia and diabetes mellitus) and ethnicity may
represent additional‘i idual risk factors that determine the severity of disease. Studies in the American
region show trle @of severe dengue to be lower in individuals of African ancestry than those in other

ethnic groups \
*

Epidemiegl f Dengue virus

The te bdemicity’ and ‘hyperendemicity’ are used to indicate the simultaneous circulation of one or
se r@ngue virus serotypes, respectively. Dengue epidemiology varies across regions and seasons,
that simultaneous exposure to all 4 DENV serotypes is highly unlikely in a natural setting. An
endemic region is defined as a region where cases are present over the majority of time during the year.
This means that transmission is constantly ongoing. In contrast, an epidemic region is a region where
cases are only present during a short period of time. Yearly epidemics can happen, or an epidemic can

happen over several years.
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Endemicity is therefore not really linked to seroprevalence. During an epidemic 70% of the population
could be infected, hence a seroprevalence of 70% could be reached for that circulating serotype, but when
there is no transmission in the rest of the year(s), it is not considered an endemic region. Dengue
epidemiology is dynamic in serotype prevalence. The prevalence of each serotype fluctuates over time, as
does the genetic diversity within each serotype. The four dengue virus serotypes are genetical iverse
and share limited identity (around 60-75%) at the aminoacid level. Genetic variations betwee %ypes
and clades may be important determinants of differential viral fitness, virulence and epiden@tential.

Endemicity depends on local transmission possibilities, hence on the distribution of th& vector.
Aedes aegypti is the best vector for dengue, but it is unlikely that this vector will be establishied in Europe;
hence the risk that continuous transmission will be ongoing due to this vector is ve@)w. Aedes
albopictus is a less good vector, but it is likely that it will spread more widely ovqg ern Europe. Hence
when the virus comes into a locality, and when there are vectors and susceptibfe persons within a certain
population density, there is possibility for transmission and eventually end@%

survives European winters).

(if the mosquito

The global burden of dengue disease is mainly in inter-tropical areas and st EU Outermost Regions and
Overseas Countries and Territories are in dengue endemic regions.istained transmission of dengue

fever does not naturally occur in continental Europe, though spofadig autochthonous dengue cases had
been reported e.g. in Croatia in 2010 and in France in severa nt years. EU dengue endemic areas
include tropical Latin America, the Caribbean and the India ¢ Oceans and epidemiology varies by

region. In the Caribbeans and Latin America, a high level t&a ission and endemicity is demonstrated by
incidence rates during epidemics, seroprevalence antype circulation. The reported
seroprevalence among adults =18 years-old was >80%»and >90% in certain settings. In the EU
territories outside the Americas, limited data sug ower endemicity. Seroprevalence among adults is
estimated <50% in the putermost regions in th n Ocean (La Reunion, Mayotte). La Reunion showed
unusual persistent circulation of dengue in 2017%2018, perhaps indicating a changing epidemiology. Very
few surveys on Dengue seroprevalence ir\&n{tinental Europe are done, given the lack of endemicity. In
Croatia, seroprevalence rates was calcul@ y county and varied between 0 and 2.21%!.

In endemic areas, the entire popu t@at risk of dengue infection. The disease affects all age groups.
The age distribution of infected in als varies between countries and no clear pattern of populations
at risk has been identified. For le, incidence rates were highest in adults in Mexico, Malaysia, and
in the French Caribbean, higﬁ adolescents in Brazil and Thailand, and highest in children in the
Philippines and Colombia. ittonally, the population at highest risk can shift over time, as was observed
in Colombia and Thailandg the last decade.

2.1.3. Aetiolod&

The aetiologic&@ of Dengue fever is dengue virus (DENV), which is a mosquito-borne single
positive-st‘ra@ NA virus of the family Flaviviridae, genus Flavivirus. The Dengue virus has a roughly
spherica I‘M Inside the virus is the nucleocapsid, which is made of the viral genome and C proteins.
The nucl@vsid is surrounded by a membrane called the viral envelope, a lipid bilayer that is taken from
the h(@mbedded in the viral envelope are E and M proteins that span through the lipid bilayer. These
protéins form a protective outer layer that controls the entry of the virus into human cells.

! pem-Novosel I, Vilibic-Cavlek T, Gjenero-Margan I, Kaic B, Babic-Erceg A, Merdic E, et al. Dengue virus infection in Croatia:
seroprevalence and entomological study. New Microbiol 2015 Jan;38(1):97-100.
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Figure 1: Dengue virus structure.
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2.1.4. Clinical presentation, diagnosis é

Dengue has a wide spectrum of clinical presentations, often with unpredicta@al evolution and
outcome. While most patients recover following a self-limiting non-severe cligi¢al course, a small
proportion progress to severe disease, mostly characterized by plasma | a& with or without
haemorrhage. Intravenous rehydration is the therapy of choice; this in tion can reduce the case
fatality rate to less than 1% of severe cases. The group progressing fpom non-severe to severe disease is
difficult to define, but this is an important concern since appropri {eatment may prevent these
patients from developing more severe clinical conditions. Q?

Despite discussions regarding the classification of dengue ssification into DF/DHF/DSS
continues to be widely used. Symptomatic dengue virus in@ns are grouped into three categories:
undifferentiated fever, dengue fever (DF) and dengu rrhagic fever (DHF). DHF is further classified
into four severity grades, with grades III and IV bei&ﬁned as dengue shock syndrome (DSS).

Figure 2: Suggested dengue case cIassificati@nd levels of severity

QSEV! RE DENGUE

1. Severe plasma leakage

DENGUE = WARNING SIGNS

with warnin
signs . 2. Severe haemorrhage

\ 3.5evere organ impairment

CRITERIA FOR DENGUE = WARNIN
Probable dengue Warning signs*
paior tendermess

live in /travel to dengue endemic area,  * Abdoffie
Fever and 2 of the following eriteria: ® Perc % iting
* Mausea, vomiting * Clinical g accumulation
* Rash cosal bleed

* Aches and pains L=Mgray, resfessness
r enlargment =2 em
boratory: increase in HCT

* Toumniquet test pasitive

* lzukopenia
* Any warning sign . concurrent with rapid decrease
in p|ate|et count

Laborcﬂory-conﬁ rmegrtien *{requiring strict abservation and medical
(impartant whan no sign of p ge] intarvention]

CRITERIA FOR SEVERE DENGUE

Severe plasma leakage

|ec|ding o

® Shock (D55

# Fluid accumulation with respiratony
distress

Severe bleeding

as evaluated by clinician

Severe organ involvement

® Liver: AST or ALT »=1000

* CNS: Impaired conscicusness

® Heart and other organs

Primar; ue virus infection is thought to provide lifelong protection against the infecting serotype and
tramsi ross-protection against heterologous serotypes. Dengue haemorrhagic fever and dengue
yndrome occur mostly in individuals during secondary dengue virus infection with a different
seretype. The underlying mechanism, referred to as antibody-mediated enhancement of dengue, seems
to be related with the presence of suboptimal neutralizing heterotypic antibodies, and may also be related
to the presence of memory T cells with low affinity for the present infecting virus but high affinity for
previous infecting serotype(s). It is widely recognised that, since pre-existing immunity to dengue can
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increase the risk of dengue haemorrhagic fever, a successful vaccine should simultaneously generate
long-lasting protective immunity against all four dengue serotypes viruses.

Cross-immunity between Flaviviridae

There is no known cross-immunity between Flaviviridae. There is no evidence that if someone k@ellow
t

fever disease, this person would be less susceptible for Dengue infection. There are also no ions
that YF vaccination would trigger clinical immunity to Dengue. However, a cross reaction with
dengue diagnostic IgG test is generally observed. '\

No interference of Dengue and Zika severity has been observed in a retrospective in French
Polynesia. In that study, no relationship between history of Dengue infection an ity of Zika virus
infection (Guillain-Barré syndrome) was found. &

Specificity of Flavivirus diagnostic tests 0

Routine laboratory diagnosis of dengue infections is based on one or mor: the following: the detection
of dengue virus-specific antibodies (IgM), isolation of the virus, det€ction of viral RNA by reverse

transcription-polymerase chain reaction (RT-PCR), or detection ral protein NS1 antigen by
enzyme-linked immunosorbent assay (ELISA). After the onse ess, the virus can be detected in
serum, plasma, circulating blood cells and other tissues for s. During the early stages of the

disease, virus isolation, nucleic acid or antigen detection cafi,be‘used to diagnose the infection. At the end
of the acute phase of infection, serology is the method Qoice for diagnosis. The diagnosis of dengue
falls into 2 stages: Stage I, the acute fever period Ias&@ ew days when viremia may be detected; and
Stage II, the early post-febrile period lasting a fe eeks when IgM and IgG antibodies are increased.

Cross-reactions on diagnostic tests are observ ong flaviviruses. Dengue ELISA tests are
cross-reacting with other flavivirus infections (specificity of 77-98%, sensitivity of 21-99% depending on
RDT test used?). The Plaque Reduction NWsation test (PRNT) is the most specific one and has been
largely studied in preparation of the vac€ine)trials>.

Cross-reactivity of an antibody-basg gue test when someone has a Zika infection is a described
problem®. RT-PCR is 98% sensitiv 98% specific depending on time of sampling after onset of
disease®. NS1 ELISA has a spe y of 95-100%. In contrast, the Zika ELISA antibody test is very
specific and very sensitive (bdsed”on current knowledge) and does not cross-react importantly. If
someone has Dengue or aQe Flavivirus infection, the Zika ELISA test does not mark falsely positive®.

The time point at whi®l blood¥sampling is performed for dengue and other Flavivirus diagnostics is

important as iIIustra@ Figure 3.
S

o
N

4
3 :nsperger EA, Yoksan S, Buchy P, Nguyen VC, Sekaran SD, Enria DA, et al. Evaluation of commercially available
anti-dengue virus immunoglobulin M tests. Emerg Infect Dis 2009 Mar;15(3):436-40.

3 Thomas SJ, Rothman AL. Trials and tribulations on the path to developing a dengue vaccine. Vaccine 2015 Nov 27;33 Suppl
4:D24-D31.

4 petersen LR, Jamieson DJ, Powers AM, Honein MA. Zika Virus. N Engl J Med 2016 Apr 21;374(16):1552-63.

5 Wu et al., AJTMH, 2008

% Huzly D, Hanselmann I, Schmidt-Chanasit J, Panning M. High specificity of a novel Zika virus ELISA in European patients after
exposure to different flaviviruses. Euro Surveill 2016 Apr 21;21(16).
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Figure 3: Dengue virus, antigen and antibody responses used in diagnosis. Ig,
immunoglobulin; NS, non-structural.
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2.1.5. Management @

Acute illness

There is no specific treatment against dengue disease and, at the dﬁof Dengvaxia initial application
(March 2016), there was no licensed vaccine to prevent dengue @t on or diseaseso prevention of
dengue rested upon the vector control programs and persona ction. These are of limited efficacy,
difficult to enforce and expensive to maintain. Q@

Vaccination remains the best approach to control this dis, nd there is need of a vaccine especially for
people living in endemic countries also in the EU. To t\ (October 2018), the CYD dengue vaccine has
been licensed in Thailand, Singapore, Malaysia, Cambodia, Australia, Bolivia, Argentina, Honduras,
Mexico, the Philippines, Brazil, El Salvador, Parag Costa Rica, Indonesia, Peru, Venezuela,
Guatemala, Bangladesh, Myanmar and Domini@gepublic under the name of Dengvaxia. The Marketing
Authorisation was suspended for one year in ThéwPhilippines as of January 2018.

About the product (J

Dengvaxia is a prophylactic, tetray, live attenuated viral vaccine against DENV. Throughout the
document the term CYD dengue e will be used to identify Dengvaxia. The active substances
contained in the CYD dengue @e are 4 live attenuated chimeric yellow fever dengue viruses
(serotypes 1, 2, 3,and 4). E monovalent CYD dengue virus was obtained separately via recombinant
deoxyribonucleic acid (DNQ:hnology. The CYD dengue viruses were constructed by replacing the gene
encoding the pre-membraneprM) and envelope (E) proteins in the attenuated yellow fever (YF) 17D
virus genome by th Ksponding genes of the 4 wild type dengue serotypes 1, 2, 3 and 4. The final
formulation contaj ?&oglo cell-culture infectious dose 50% (CCIDsg) of each live attenuated, chimeric
dengue serotypge , 3 and 4 viruses.

The CYD denQeJ/accine, initially developed as liquid batches, is a sterile and freeze-dried product to be

reconstit Nefore injection with either a sterile solution of 0.4% sodium chloride for the single-dose

presentabor a sterile solution of 0.9% sodium chloride for the multidose (5 doses) presentation. After

recon ion, one dose (0.5 mL) is to be administered by the subcutaneous (SC) route. The vaccine is
ed in a single-dose vial or in a 5-dose multidose vial.

Dengvaxia initially proposed indication was the following: prevention of dengue disease caused by
dengue virus serotypes 1, 2, 3 and 4 in individuals 9 through 60 years of age living in endemic areas. The
use of Dengvaxia should be based on official recommendations.
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2.2. Quality aspects

2.2.1. Introduction

The finished product (FP) is presented as a powder and solvent for suspension for injection in 4ial and

pre-filled syringe/vial (for the solvent) containing 4.5 - 6.0 log'® CCID50 (50% Cell Culture In us
Dose)/dose of each of the four serotypes as follows: Live, attenuated, chimeric dengue viru otype 1
/ Live, attenuated, chimeric dengue virus, serotype 2 / Live, attenuated, chimeric dengue ¥igus; serotype
3 / Live, attenuated, chimeric dengue virus, serotype 4. .\

Other ingredients are as follows: (for the powder) essential amino acids including alanine,
non-essential amino acids, arginine hydrochloride, sucrose, trehalose dihydrate Gol (E420),
trometamol and urea; (for the solvent for reconstitution) sodium chloride a %for injections. The
vaccine does not contain a preservative. %

The product is available as a single-dose and five-dose formulation and ed in a vial containing the
powder and a pre-filled syringe (single-dose) or a second vial (5-dose) aining the solvent for

reconstitution. {

For the single-dose formulation, the powder (1 dose) is presen e@a Type I glass vial with a stopper
(halobutyl) and a flip off cap (aluminum, polypropylene) and a @ illed syringe (Type-I glass) containing
0.5 mL of solvent with a plunger stopper (halobutyl) and a@p elastomer) with or without 2 separate
needles.

For the five-dose formulation, the powder (5 doses) is pgesented in a type-I glass vial with a stopper

(halobutyl) and a flip-off cap (aluminum, polypro e) and a second vial (Type-I glass) containing 2.5
mL of solvent with a stopper (halobutyl) and a fli cap (aluminum, polypropylene).

2.2.2. Active Substance &

General information (J

Dengvaxia is a tetravalent, live at
virus-dengue virus (CYD). Each

ted dengue viral vaccine based on a chimaeric yellow fever
engue virus serotype was obtained separately from parental yellow
fever 17D virus (YF-17D) an ype (wt) dengue viruses 1-4 via recombinant DNA technology by
replacing the sequence en the pre-membrane (prM) and envelope (E) proteins in the parental
yellow fever 17D (YF-17D s genome by those encoding for the homologous sequences of the four wt
dengue serotypes 1, Nand 4. No additional sequences are added.

The exchange of t @and E coding sequences from the YF-17D virus for those of the 4 dengue viruses
results in the production of 4 CYD dengue virions (one for each serotype), expressing the envelope
protein of ea engue virus strain at their surface. The envelope protein(s) determine the cellular
tropism, 'Ko'lal replication in these cells is determined mainly by the YF-17D virus replication engine.
The imm ing antigens are the prM and E proteins from the wt dengue viruses. The CYD dengue viruses
1-4d ntain genetic information for the prM and E proteins of the YF-17D virus as these sequences
ha m replaced by those of the corresponding wt dengue viruses.

YF-17D virus and the wt dengue virus serotypes 1-4 are members of the Flaviviridae family. The
structure of CYD virions and their mode of replication in infected cells are the same as other flaviviruses.
The flavivirus particles have a diameter of approximately 50 nm and contain a positive-sense,
single-stranded RNA genome. The RNA genome encodes the structural and the non-structural proteins in
a single open reading frame. The 5' end of the viral genome contains three structural proteins: the capsid

Assessment report
EMA/791273/2018 Page 14/187



(C) protein, the pre-membrane (prM) and envelope (E) proteins. The 3' end of the viral genome contains
seven non-structural (NS) proteins that consist of NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5. The E
protein is the primary surface structural protein. It contains the antigenic determinants that define
protective immunity (neutralising epitopes) and is essential for membrane fusion and binding to cellular
receptors. The prM protein is known to be important for morphogenesis of viral particles. It faciitates
proper folding of E and also functions to protect the E protein dimer from premature confor ml
rearrangement during passage of progeny viral particles towards the cell surface through aci@cretory
compartments.

2 4
The Applicant has provided detailed information on the structure and general properti hhe 4 chimeric
yellow fever/dengue (CYD) virus serotypes.

Manufacture, characterisation and process controls &

Manufacture and quality control of Dengvaxia active substances (ASs) tak@ce at Sanofi Pasteur NVL
(31-33 quai Armand Barbeés, 69250 Neuville-sur-Sadne, France) and S@Pasteur MLE (1541 avenue

Marcel Merieux, 69280 Marcy I'Etoile,France). {

Valid GMP certificates for these sites have been presented. @

Description of the manufacturing process and process Is

The manufacture of CYD dengue active substance is the sa r the four virus serotypes and is divided
into 5 major manufacturing process stages: (1) Cell cul (2) Viral culture and clarification, (3)

Purification, (4) Concentration and diafiltration and (5 abilisation, filling and storage.

One batch of Dengvaxia active substance is obtai rom one single batch of cell culture and viral
infection with one serotype followed by a purii@n process. The batch humber is a unique and
non-descriptive sequence of characters that is abtomatically assigned by a manufacturing planning
system.

Manufacturing begins with thawing of -free Vero working cell bank (WCB). The Vero cells are
cultivated and expanded. After cel ion the cultures are inoculated with CYD virus and propagated.
The viral culture is harvested and @iied. Clarified Harvest is purified by chromatography and further
processed without a holding st@he Purified Harvest is concentrated through diafiltration. The

d with stabilizer solution filtered and filled in storage bags and stored

Concentrated Harvest is therﬂ

at <-70°C to obtain the ath bstance.
In-process controls aNitic

Total protein conten@btermined to monitor and control consistency of the Concentrated Harvest. Since
host cell protejn €onStitutes more than 99% of the total protein in the active substance, the total protein
is indicative o \ ost cell protein. As such provided proper limits are applied for total protein, it is
acceptable\ include host cell protein in the AS specifications. As long as no alert limits have been set
for total e, the Applicant is recommended to communicate any out-of-trend results for total protein

conte e Agency. As soon as sufficient data are available for all serotypes (post-approval), the
A hould set proper (serotype-specific) alert limits for total protein.

parameters have been provided together with their acceptance criteria.

container closure system for the active substance is a sterile storage bag.

The container closure system is in compliance with Ph. Eur. 3.2.2.1 tests ("Plastic Containers for Aqueous
Solutions for Parenteral Infusion"). Routine sterility testing is performed following ANSI/AAMI/ISO 11137
guidelines. The suitability of the container closure system for storage of the AS has been demonstrated.
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For transportation, storage bags of each serotype of CYD dengue active substance are placed within a
container, as a secondary packaging. The container is maintained frozen in a box with dry ice so that the
CYD dengue AS is maintained at <-70°C during transportation.

The manufacturing process of CYD Dengue AS has been adequately described with detailed and clear
flowcharts. 2 }

All clinical AS lots were produced at the MLE site (Marcy |I'Etoile). Comparability between the@)nmercial
NVL site and the MLE site has been demonstrated (see manufacturing process developm

Control of materials {
The list of raw materials used in the manufacture of CYD dengue active substan Qscribed in detail.

No materials of animal or human origin have been used in the production o% r seed lot (MSL) and
master cell bank (MCB) and onwards. Nevertheless, batches have been tes r the presence of viral
and non-viral adventitious agents, demonstrating the absence of them.

agages is taken into

The generation of the MCB and WCB is well described. The number qof p
consideration. An extensive characterisation of MCB and WCB was formed.

is considered adequate. The generation of the MSL and worki d lot (WSL) in Vero cells is well

A description of the chimeric construct (YF 17D virus and wild tE gue viruses 1-4) is provided and it
described.

Long-term stability studies were performed on WSL. O

It is agreed that the MCB, WCB, MSL and WSL are,suitable for use in pharmaceutical production of CYD
Dengue active substance. d

Process validation Q

The active substance manufacturing pro %bbes been appropriately validated.

The validation studies performed for @anufacturing process show that all critical process parameters
(CPPs) comply with their operatinﬁ s or limits, and are monitored at their target values. All results
for release and IPC tests meet t ptance criteria and all characterisation and additional test results
are consistent and show no a values. The validation data also demonstrate that process
performance with regards to“wirus concentration yields and impurities removal is reproducible and that
any process-related adve @. us agent contamination is well controlled.

Manufacturing procﬁﬂdevelopment

The Applicant ma @red all AS batches from phase I to phase III at Marcy I'Etoile site (MLE, France).

The AS manufa ing process was transferred and scaled-up fromMLE site to NVL site to ensure a

sustainable vﬁ:6 supply for vaccination at a large scale. Some process adaptations were implemented
r a scale up of the downstream manufacturing process.

at NVL tq.a

Compa h studies were performed and showed that the quality of CYD dengue virus manufactured by

th c@rcial process proposed by the Applicant is highly comparable to the material obtained from
rocesses (including batches tested during non-clinical and clinical studies).

The™Applicant has provided a justification and risk assessment to demonstrate that the commercial
batches from the NVL site can be considered as comparable to the clinical batches in terms of their critical
quality attributes. The Applicant has further committed to analyse virion maturation for at least 3
commercial batches from the NVL site for all 4 serotypes in order to further demonstrate that virion
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maturation is consistent and in line with the results obtained for the clinical batches and the first tested
NVL batches.

Characterisation

The CYD dengue virus particles are considered undistinguishable from native dengue virus partigles and
are expected to display the same surface arrangement that is described for dengue and seve er
flaviviruses. @

The structure/function of CYD dengue viral proteins, as well as their resulting safety andai nogenicity
profile are determined by the CYD dengue virus genome sequence. {

Genetic stability is evaluated by genetic sequencing of viral particles and compari e RNA genome
sequences of the viral strains obtained at the active substance stage and at fur passages beyond with
the sequences issued from the Pre-Master Seed Lots (PMSL). In addition, g ig stability is assessed
indirectly via a plaque size test and a suckling mice neurovirulence test. T4 ice/suckling mice

neurovirulence test and the plaque size assay are historical phenotypic% applied on flaviviruses.

A potency assay has been established by the Applicant. This assay Qased on measuring the infectivity
titre by cell culture infectious dose (CCID50) and allows identifyiw virus serotype. The Applicant has
committed to establish a method to analyse virion maturation acterisation test post-authorisation
in order to assess future changes that may have an impact or%/irion composition/maturation. The
Applicant has also committed to characterize virion maturatiorvin case of qualification of new virus
working seeds and will demonstrated for each new WS\Qt he corresponding AS batches show

consistent virus maturation that is in line with batche ed from previous WSLs.

Attenuation of viscerotropism and neurotropism i dengue viruses was demonstrated for each
serotype in in vitro and preclinical in vivo expe S.

The product purity is controlled by implemgnting different viral and non-viral adventitious agent detection
tests at the appropriate stage of productitj e active substance. These tests are carried out as release

tests. 0

Process controls Q

The CYD dengue vaccine candiQ a

defined and have been carefully

and immunogenicity of thg e candidate in an exhaustive set of in vitro and in vivo preclinical tests.
nical’s

All results from the precli tudies are consistent with the stability, safety and immunogenicity of the
CYD dengue vaccine candidate.

vaccine for which attenuation basis and characteristics are well
essed. The Applicant has demonstrated satisfactory stability, safety

*

The impurities p@r CYD Dengue active substances are appropriately characterised.
Specificati

L 4
The Appli x]as assembled an appropriate set of specification tests and acceptance criteria to
adequ@ ontrol the release of CYD Dengue virus active substance as well as the end of shelf life.

Th se specification and the defined acceptance criteria are well justified and based on current
r ations such as Ph. Eur. monograph 0153 and Ph. Eur. 2.6.16, WHO Technical Report Series, No. 979
Annex 2, Guidance for Industry (FDA, CBER, 2010), and EMA/CHMP/VWP/141697/2009.

The end of shelf-life specification and the defined acceptance criteria are based on ICHQ5C. The setting of
the specifications was also informed by data obtained during the development and stability studies.
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Analytical methods

The analytical methods used have been adequately described and (non-compendial methods)
appropriately validated in accordance with ICH guidelines.

A potency assay is performed at release. This assay is based on measuring the infectivity titre cell
culture infectious dose (CCIDsy) and allows identifying the virus serotype (see above).

2 4
Release testing data have been presented. {

Batch analysis c @

All batches conform to the specifications, supporting the consistency of the CYD D@e viruses

manufacturing process. Q

Reference materials

content assay. The reference standard for the residual Vero DNA conte

described. k
Stability @

The proposed shelf life for storage of the active substance %nths stored at <-70°C.

The only reference material used in the control of the active substance r to the residual Vero DNA
say and its qualification are

Stability studies have been performed for CYD Dengue @sing both, long term storage conditions (<
-70°C) and accelerated conditions (+5 = 3°C). Stab& ata of 42 months from three batches per
serotype stored at < -70°C and of 30 days for thre@tches per serotype stored at +5 £ 3°C have been
provided.

All stability data provided meet the pre-set reqﬁments. Based on the available stability data, the
long-term stability studies up to 42 mont epformed on CYD dengue active substance manufactured at
MLE and NVL sites support a shelf-life of @2 fnonths when stored at <-70°C. In addition, the accelerated
stability studies up to 30 days at +5% °C performed on AS from both manufacturing sites
demonstrated a similar decrease ﬁ concentration below 1 log for each serotype and within the
<-70°C specification, supportin sible cold chain break.

Q

The Applicant commits to pe& stability studies on the AS in the context of the annual stability

petent Authority in the event of unexpected issues.

program, and to inform t?q
Overall, the stability Nan program presented by the Applicant is considered adequate.

2.2.3. Finish edicinal Product

*

Descripy

N

formulated as a powder and solvent for suspension for injection administered by
s route. The finished product contains 4.5 - 6.0 log*® CCID50 (50% Cell Culture Infectious
e of each of the four serotypes. It is a white homogeneous freeze-dried product filled in a glass

the product

Other ingredients are (for the powder) essential amino acids including phenylalanine, non-essential
amino acids, arginine hydrochloride, sucrose, trehalose dihydrate, sorbitol (E420), trometamol and urea
(all stabilisers) and (for the solvent for reconstitution) sodium chloride and water for injections.
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The solvent used for reconstitution is a 0.4% sodium chloride solution for the mono-dose and 0.9%
sodium chloride solution for the five-dose vaccine. The reconstituted product is a colourless limpid liquid
with possible presence of white to translucent particles of endogenous nature. One dose consists of a
volume of 0.5 mL after reconstitution with the solvent.

(halobutyl) and a flip off cap (aluminum, polypropylene) and a pre-filled syringe (Type-I glas taining
0.5 mL of solvent with a plunger stopper (halobutyl) and a tip cap (elastomer) with or wit@z separate
needles.

For the single-dose formulation, the powder (1 dose) is presented in a Type I glass vial with igper

For the five-dose formulation, the powder (5 doses) is presented in a type-I glass ’with a stopper
(halobutyl) and a flip-off cap (aluminum, polypropylene) and a second vial (T% ss) containing 2.5
mL of solvent with a stopper (halobutyl) and a flip-off cap (aluminum, poly

The compatibility between the CYD dengue viruses and the chosen exame@s been demonstrated by
the stability studies performed under normal and accelerated condltlon%exuplents are well known
pharmaceutical ingredients and their quality is compliant with Ph.E t rds when an applicable
monograph exists. There are no novel excipients used in the flnlshéQroduct.

For NaCl 0.4%, the Applicant detailed the validations and qualifi @(s of the blending step as well as the
validations linked to the major changes arisen in the recent %n the manufacturing process
development: terminal sterilization by heating and the inc@ of an additional manufacturing site.

For NaCl 0.9%, the Applicant detailed the validation &@nal Bulk Product manufacturing process, the
terminal sterilisation process development and the detemmination of the hold period for the filled vials
prior to terminal sterilisation. O

In addition, the Applicant demonstrated the co@ibility between the solvents and the chosen container
closure systems for final bulk product and{le;d product using a series of physicochemical and biological
tests as well as available stability studie

Pharmaceutical development 0

The Applicant provided adequate |®wat|on of the formulation development from early stage clinical
development to phase III.

The Applicant provided a co ehenswe description of batches manufactured during pharmaceutical
development as well as ¢ s in the manufacturing process from Phase I to Phase III. The Applicant
presented a compre sive description of Phase III and commercial manufacturing process, including
important in-proce ?b ols as well as qualification/validation of the different process steps.

or

The Appllcant al med a comparability exercise to demonstrate that quality attributes are highly
similar acro cess development phases (I, II, III and commercial). As all batch analysis results
were compha@the specifications, the Applicant concluded that the formulations are comparable and
an adverh act on safety or efficacy profiles can be excluded.

Finall
de

ompatibility between CYD Dengue vaccine and the container closure system was
ted using physicochemical tests, cytotoxic studies, and stability studies under normal and
erated conditions.

The information presented in relation to pharmaceutical development is considered adequate.
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Manufacture of the product and process controls

The manufacture of Dengvaxia freeze-dried finished product takes place at Sanofi Pasteur VDR (Parc
Industriel d’Incarville, 27100 Val de Reuil, France). The sites responsible for batch release of the finished
product are Sanofi Pasteur NVL and Sanofi Pasteur VDR.

Qduct

The description of the manufacturing processes for Dengvaxia finished product and freeze-dri

is considered adequate. Each CYD dengue virus serotype is thawed and transferred to a mi@tank,
which contains the FBP stabilising solution. In the mixing tank the FBP stabilising solutiofAg8%hen added
up to the final batch size volume and stirred. Then, the FBP is sterilized by fiItration,(ﬁmto vials,
partially stoppered, freeze-dried, capped, crimped and at the end, visually inspect@

The manufacturing processes of the solvents (Sodium chloride solution, NaCl ?nd 0.9%) involved
the following steps: Water for Injections (WFI) is introduced into a sterile staiplesststeel tank and sodium
chloride is introduced into the tank under agitation until complete dissolution. tank is then filled up to
production batch size with WFI and is filtrated through a 0.2 pm filter to in the FBP. The FBP is then
filtered at room temperature through a 0.2 pm filter and filled into the @container, stoppered,

sterilized and final inspected to obtain the filled product.

The in-process controls and acceptance criteria are well defined. @ation of critical steps has also been
addressed appropriately.

The Applicant also described the storage and transportation@litlons under controlled temperature. The
critical process parameters, in-process controls, and acnce criteria are well defined. Validation of
critical steps (i.e. blending, sterile filtration, filling an eeze-drying) has also been performed on 3
consecutive batches. In addition to this initial validation, the Applicant implemented on-line sterile
filtration at the filling step. 6

Overall, the information provided by the Applic& the manufacture section is considered extensive and

adequate. &
9
O

The CYD dengue vaccine is approp ﬁ? y controlled by release and end of shelf-life specifications. These
include tests for physicochemic@operties, virus concentration and identity, endotoxins and sterility.

Product specification

single-dose and multi-dos itionally consider stability indicating tests such as the container closure

integrity. \
Analytical methocm

Most tests uset Qlease are in compliance with pharmacopoeial methods and therefore analytical
validation data ap€ not provided. This is considered acceptable.

The specifications used toQ‘dol the freeze-dried product during annual stability programs for both

For anal \rocedures not described in pharmacopoeias description of the analytical methods and
releva ytical validation results are provided.

As e AS specifications, a potency assay is performed at release for the FP. This assay is based on
suring the infectivity titre by cell culture infectious dose (CCID50) and allows identifying the virus
serotype.

It can be concluded that the analytical methods used have been adequately described and
non-compendial methods appropriately validated in accordance with ICH guidelines.
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Batch analysis

Batches of CYD dengue FBP and batches of freeze-dried product have been manufactured at industrial
scale from AS produced in MLE and NVL sites.

No additional impurities are introduced during the manufacturing processes of the CYD dengueRBP and
freeze dried product in addition to the ones described for the AS. The stated impurities have b died
in nonclinical and clinical studies.

All batches conformed to release specifications. The specifications are considered ovel’a@eptable.
Reference materials {

The only reference material used in the manufacture of the finished product r 0 the bacterial
endotoxin test. Bacterial endotoxin content is carried out by the chromogeniglfALinetic method using a
test kit. Each test kit is qualified using the Reference Standard Endotoxinséfprovided by the
European Directorate for the Quality of Medicines (EDQM). @

Stability of the product «

The shelf life of Dengvaxia finished product is 3 years stored i a@igerator (2°C - 8°C). The product
should be stored in the outer carton in order to protect it fron@

After reconstitution with the solvent provided, Dengvaxia r@ye kept in a refrigerator (2°C to 8°C) and
must be used within 6 hours.

To support the claimed shelf life the Applicant has provided data from stability studies.
Dengvaxia finished product 6

Stability studies were performed for the Dengvaxia freeze-dried finished product assessing the stability of
FP derived from AS manufactured at MarcyN Efoile site and at Neuville-sur-Sadne site stored at +5°C %+
3°C for 36 months.

In addition the stability of the free -@ vaccine under accelerated storage conditions was assessed at
+25°C £ 2°C over a period of 3 to ths and at +37°C £ 2°C over a period of 14 to 30 days to support
possible cold chain break. Furtore, the stability study on the reconstituted product was performed

for each batch of CYD denguelvaccCine over a period of 6 hours under normal storage conditions (+5°C +
3°Q).

Based on the availab tabilig/ data for the freeze-dried finished product, the claimed shelf life of 36
months when store@ - 8°C can be supported. The packaged product is photo stable.

Solvent . Q

Stability st‘ud@re performed for final bulks and filled product for both the mono-dose (manufactured
at the di ?QQ sites) and the multi-dose presentation of the solvent. All results comply with the
specificafions.

Ac d stability studies performed at +37°C x 2°C or +40°C £ 2°C did not reveal any degradation
riv up to 6 months.

The stability studies performed on Filled Product (both NaCl 0.4% and NaCl 0.9%) support a shelf-life of
60 months when stored at real time storage condition.

The Applicant commits to complete the on-going stability studies and to inform the Competent Authority
in the event of unexpected issues.
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Overall, the stability data and program presented by the Applicant is considered adequate.

The Applicant commits to complete the on-going stability study on the solvent unidose, to perform
stability studies on the finished product in the context of the annual stability program.

Comparability exercise for finished medicinal product

Not applicable. @

. 2 4
Adventitious agents {\
The Applicant has developed a serum-free manufacturing process and eliminated ne serum and
porcine trypsin from the manufacturing process as well as for the manufacturéof | seed lots and cell

banks (i.e. from MCB and MSL). The safety of the CYD dengue vaccine with ard to viral and non-viral
contamination has been assessed throuth three different approaches:

There is no dedicated viral inactivation or clearance step in the CYD den@anufacturing process as the
vaccine is a live attenuated tetravalent vaccine.

e Selecting and testing cell lines and seed lots for the absen dventitious agents according to
regulatory requirements, use of appropriate environ anufacturing conditions and
application of good manufacturing practices throug m production process.

e The CYD dengue vaccine is manufactured accordin MP in classified areas to prevent
microbial contamination of the product. Vali at@ocedures are used for the cleaning,
decontamination and sterilization of equimen\qw production areas. Medium, buffers and
excipients used in the manufacturing proc re 0.2 um filtered before use and validated
aseptic techniques are used in the fillin FP.

e Testing the product at appropriate stages of the production process for the absence of
adventitious agents. Adventitious nt specifications are based on regulatory requirements and
on the evaluation of risks associa K&h raw materials used for production, cell substrate
sensibility, and/or origin of theajrabStrain. Tests performed at the appropriate steps of
production are detection test extraneous agents that comply with regulatory requirements

The Applicant has adequately d rated that the CYD dengue vaccine production is free from risk
associated with the contamin f the CYD dengue vaccine by viral and non-viral (i.e. bacteria,
Mycoplasma, TSE/BSE) ag N he product quality in relation to viral safety is ensured by testing the raw
and starting materials an onitoring relevant steps of the manufacturing process. In addition, the
Applicant has impleménted internal procedures based on cGMP principles to prevent contamination.

Based on all the info@ion provided in this section, the quality of the CYD dengue vaccine is considered
acceptable with @d to the risk of contamination by adventitious agents.

GMO ‘\O

CYD d vaccine is a tetravalent, live attenuated viral vaccine. Each monovalent CYD virus was
obgai ia recombinant Deoxyribonucleic Acid (DNA) technology. The vaccine virus was constructed by

g the sequences encoding the premembrane (prM) and envelope (E) structural proteins in yellow
fe (YF) 17D virus genome by those encoding for the homologous sequences of the four wild dengue
serotypes and is thus considered a GMO.

An environmental risk assessment was conducted during the initial MAA procedure as further detailed in
section 2.3.5. (Ecotoxicity/environmental risk assessment).
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2.2.4. Discussion on chemical, pharmaceutical and biological aspects

Information on the development, manufacture and control of the active substance and finished product
has been presented in a satisfactory manner. The process has been properly validated and is adequately

controlled. z
During the procedure three major objections have been raised related to detection of differen ected
in accelerated stability studies, appearance of visible particles of exogenous nature after g’@tion of

lyophilised finished product and virion maturation of product manufactured at the Neuwyjl e.

concentration and potency, the Applicant provided information on the lots of the fi d product
impacted. It could be confirmed that these lots were all produced from the sa@batches. These lots
were rejected and the concern was considered to be resolved. &

In relation to the major concern raised during the procedure on detected differencef&gted to virus

In relation to the major objection on the presence of visible particles of ex us nature, the Applicant
has presented a root-cause investigation to identify the nature and origi@he particles and filaments of
exogenous nature that were observed. The Applicant also performedrroutine monitoring of exogenous
particulates in FP batches and revealed no further observations of %genous particles. The investigation
of the exogenous particles and the measures proposed by the o@ny are considered sufficient and it
was concluded that the FP is sufficiently monitored to detect @Ie batches with exogenous particles
that may have an impact on safety/efficacy.

A third major objection was raised during the proce :@‘ related to virion maturation. Virion
maturation is considered an important quality parameté@gand should be characterised at the level of the
AS. The applicant has provided data on virion ma tion from the commercial NVL site since they were
not part of the initial submission. The results fo maturation tend to be lower than clinical batches
from MLE. The Applicant has provided a justifi€atioh and risk assessment to demonstrate that the
commercial batches are considered as comyparable to the clinical batches in terms of their critical quality
attributes. The observed difference is no ted to have any relevant impact on the immune response
in vaccinees and it was considered unli at the observed difference in virion maturation could lead to
an immune response that is signifieg ifferent from those observed in the clinical trials. Taken
together, it was concluded that N % can be considered comparable to the clinical batches in terms of
their critical quality attributes. O

Based on the review of the guality data and responses provided by the Applicant, all quality concerns have
been resolved and the ma @ ng authorisation application for Dengvaxia is considered approvable from
a quality point of vith a humber of recommendations as detailed below.

2.2.5. Concl @s on the chemical, pharmaceutical and biological aspects
L 4

Information @elopment, manufacture and control of Dengvaxia has been presented in a satisfactory

manner. Its of tests carried out indicate satisfactory consistency and uniformity of important
product ity characteristics, and these in turn lead to the conclusion that the product should have a
satisf and uniform performance in the clinic.

. Recommendation(s) for future quality development

In the context of the obligation of the MAHSs to take due account of technical and scientific progress, the
CHMP recommends the following points for investigation:

1. Aslong as no alert limits have been set for total protein, the Applicant is recommended to
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2.3.

communicate any out-of-trend results for total protein content to the Agency. Secondly, as soon
as sufficient data are available for all serotypes, the Applicant should set proper
(serotype-specific) alert limits for total protein, which should then be communicated to the
Agency.

The Applicant is recommended to provide the data of the on-going stability study on th Ivent
unidose when this stability study has been completed. 6
The Applicant is recommended to analyse virion maturation for at least 3 commercia@ches
from the NVL site (using a suitable method) for all 4 serotypes in order to demopns that
virion maturation is consistent and in line with (or can be considered as equival N the results
obtained for the clinical batches and the NVL demonstration batches. {

The Applicant is recommended to include at least one method to analyse vi@maturation as
characterisation test in case of relevant future modifications in the AS process (i.e. changes
which may have an impact on the virion composition/maturation).

The Applicant should characterise virion maturation (by at least ong m&thod) in case new virus
working seeds will be qualified in the future. It should be demor@ed for each new WSL that
the corresponding AS batches show consistent virus maturation that is in line with (or can be
considered as equivalent to) batches derived from previous éLs.

2.3.1. Introduction

Non-clinical aspects QZ

The objectives of the nonclinical studies were to charac\ze the primary pharmacodynamic profile of the
CYD dengue vaccine and to evaluate its safety. AGerview of the non-clinical program is given in the
tables below.

Table 1: Nonclinical Pharmacology Przalg

Objectives Study number Material used
0 SBi 1313-88 Research and Phase I
b DENO10Mk lots
DENO11Mk Phase I and II lots
Q DENO012Mk Phase II lots
Assessment of vaccine i ufogenicity and viremia DENO14Mk Phase II lots

DEN016Mk Phase II lots
\ Phase I, II and III

lots

Assessment of@unogenicity and protection against

wt viremia
P

‘@ SBi 1324-88 Phase I lots

DEN020Mk/C3 Phase II and III lots

‘\ CN0901 Sera from
Evaluation of monkey sera CN1101 DENO14Mk
of the Sera from
f protection DENO16Mk
by CYD dengue Sera from CYD28
Evaluation of human sera CN1102 phase II trial
CN1201 Sera from CYD13
phase II trial
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Objectives Study number Material used
DENO11Mk Phase II lots
Heterologous priming DEN014Mk Phase II lots
Administration at different DENO12Mi Phase II Iotb
Assessment and anatomical sites DENO14MK Phase II@
mitigation of
interferences between _ cui SBi 1324-88 Ph
serotypes Adaptation of virus content per a&l
doos DEN014Mk r( lots
DENO14Mk Hse 11 lots
Administration of a third dose <~
X
L SBi 1324- 8 Phase I lots
Assessment of sensitization due to heterologous DENO1 Ph 11 lot
flavivirus pre-immunity % ase 1l lots

<

Table 2: Nonclinical Safety Program %@
Type of studies Sthwu ber Material

used
O
Systemic and local toxicity ~7
Repeat-dose toxicity RQHO0006 Phase II lot
Developmental and reproductive \)
toxicity Q
Investigative studies for species SP0O56 1S0906 and SP0056 1S0907 Phase II lot
selection
Preliminary DART for dose selection @956 PS1002 and SP0056 PS1003 Phase III lot
Pivotal DART N 0056 DV1013, SP0056 DV1014 and SP0056 | ppase III lot
DV1109 -
Other toxicity \
Biodistribution and sheddlng{ SP0056 BD1001 Phase III lot
Neurovirulence \ T 100 001 Phase I lot
&
2.3.2. Phar logy

Primar éafmacodynamlc studies

Differ cies have been proposed to monitor the immunological and clinical outcomes of dengue
inf tmmmunocompromised mice such as A-129 or AG-129 mouse strains have been widely used in
ngue research, as they can develop some symptomatic infection. However, the monkey was the
speeies of choice for the Applicant’s pharmacology studies. Monkeys do not develop symptomatic dengue
disease upon dengue virus infection, but they do present viremia and develop subsequent immunity.

The 5 objectives of the Pharmacology studies were:

1. Assessment of Vaccine Immunogenicity and Viremia
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2. Assessment of Immunogenicity and Protection against Wild-type Viremia
3. Assessment of the Breadth of Neutralization Induced by CYD Dengue Vaccine
4. Assessment and Mitigation of Interference between Serotypes

5. Assessment of Sensitization to Higher Infection/Viremia Due to Heterologous Flavivirub

Pre-immunity. @

The endpoints assessed upon subcutaneous immunization of monkeys were: . %
e Measurement of neutralizing antibodies to assess the immunogenicity of the hne, and

e Measurement of viremia, to measure attenuation of the CYD viruses and Qo determine
protective efficacy in animals previously vaccinated and then challenggd with wild type viruses.

The objectives/endpoints and the studies performed to address them were ered adequate.

The studies performed showed that CYD dengue viruses produced mini%iremia titres in monkeys. In
all cases titres were low (between 1 and 2.5 log10 Plaque Forming Upit ( )/mL) and did not exceed 7
days duration. These data indicated good attenuation of the vaccine Qains. Moreover, the in vivo genetic
stability of the CYD dengue viruses was also evaluated by seque@ individual virus plaques isolated
from the last day of viremia when detectable, and viruses whi tained mutations were evaluated in a
suckling mouse neurovirulence test, showing that despite tations appearing in CYD-1 and

ss neurovirulent than the YF 17D vaccine.

CYD-3, all viruses isolated from monkeys were significa

As it was also found in humans, serotype 4 was the p inant CYD serotype in monkeys inducing
measurable and reproducible viremia after tetrav t CYD vaccination. Regarding neutralizing
antibodies, CYD-1 and CYD-4 were the dominant @ypes in monkeys, both when used as monovalents
and when administered in tetravalent formulationse In humans however viruses CYD-2 and CYD-3 were
more immunogenic.

Appropriate tests confirmed that CYD vacing viruses reduced the viremia when monkeys were
challenged with a highly virulent den virus. Moreover, as determined in in vitro cell culture assays,
vaccine viruses induced an antibom nse that protected against a wide range of different circulating
strains (around 20 strains per se ). Finally, and although these data have to be taken with caution
due to the lack of knowledge underlying mechanism, the experiments performed in monkeys did
not indicate that subsequent Thfection following vaccination were associated with enhanced viremia after
the second vaccination.

In study DENO11MK, (Nent vaccine combinations were tested for theirimmunogenicity. Combination in
which the first imm ion was done with formulations containing "classical" live attenuated Vero
Dengue Vaccine@ -1 and VDV-2 viruses, followed by a secondary immunization with CYD viruses,
were the ones’\N yielded the highest GMTs titres (3 to 100-fold higher that two vaccinations with the
CYD viruses)(J

Secon@y pharmacodynamic studies

Se y pharmacodynamics studies were not performed as no specific risks were identified with CYD
ue vaccine, which is acceptable according to the EMA and WHO guidelines.
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Safety pharmacology programme

Separate safety pharmacology studies were not conducted, which is acceptable according to the EMA and
WHO guidelines. No specific risk was identified with CYD dengue vaccine, except the neutropic
characteristics (neurovirulence) which were assessed in monkey studies (see Toxicology sectioq in this
report). z >

Pharmacodynamic drug interactions %6

2 4
No studies regarding drug interactions were performed in accordance with EMA and \@uidelines.
2.3.3. Pharmacokinetics \Qa

section. No other toxicokinetics studies were performed with CYD dengue ne, which is acceptable
according to the EMA and WHO guidelines.

Results of a distribution, persistence and shedding study in monkeys are (@ﬁéd in the toxicology
C

2.3.4. Toxicology {

All toxicity studies were GLP compliant with the exception of % investigative reproductive toxicity
studies. Study phases from some toxicity studies (e.g. ser eening, immunogenicity) were
conducted in non-GLP laboratories. The repeat-dose toxicityybiodistribution and shedding and
neurovirulence studies were conducted in the non-h éimate (NHP). The cynomolgus monkey was
considered the relevant species since it is an establi;&model for general toxicity assessment and it is
the recommended species in the monkey safety t@for the evaluation of neurovirulence and
viscerotropism of live attenuated yellow fever d dengue vaccines (WHO Technical Report Series
(TRS) n° 872 and 979). The NHP also demons@s a measurable immune response to CYD dengue

vaccine. &

Repeat dose toxicity 0
Nonclinical safety of CYD dengue \@'\e after a single dose injection was evaluated as part of the
repeat-dose toxicity study and istribution and shedding study in the monkey. No systemic toxicity

was observed in the repeat dga oxicity study, performed in one relevant animal species, cynomolgus
monkeys, with comparabl , route and frequency of administration as intended for human use

(i.e. 3 subcutaneous administrations of 5 log10 CCID50 of each serotype in 0.5 mL). Local tolerance was
assessed in the repeat-dgse toxicity study and in the distribution and shedding study (see below).
Occasional transien minimal erythema reaction were noted at the injection site, which correlated
with minimal to @perivascular lymphocyte infiltration seen at the microscopic examination. These
findings are e@g’c d and considered part of the intended immune response.

L 4
Genot@ity and carcinogenicity

Th a@ce of genotoxicity and carcinogenicity studies is considered acceptable based on the type of
0 and in line with current guidelines on non-clinical evaluation of vaccines.

Reproduction Toxicity

In the absence of a perfect animal model, investigative studies were performed to evaluate the suitability
of the mouse and rabbit model for evaluation of reproductive and developmental toxicity. The rabbit was
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selected to investigate the effects of the antibody response and exposure to repeated 1V injections of CYD
dengue vaccine at the human dose and the mouse was selected to investigate the effects of the exposure
to the virus after one IV injection of CYD dengue vaccine at doses from 5 to 8 log10 CCID50 of each
serotype.

These studies show that increasing the dose from the human dose to the maximal feasible do CYD
dengue vaccine, and changing the route of administration from subcutaneous to IV injectio

detection of viral RNA and antibody response to all serotypes in both species, and suggestt abbit is
most suitable for evaluation of antibody effects and the mouse for viremia. Dose rangg@g studies
show antibody transfer (in the rabbit) and limited virus transfer (in the mouse) to de@p ng offspring.
The pivotal reproductive and developmental studies with IV injection of the huma @ e of the vaccine
ed rabbit, and no

showed no adverse effects on the mating performance and fertility of the vacein@
teratogenic potential and no effect on pre- and post-natal development in maeédse%and rabbit. The effects
observed after IV injection of higher doses were observed only in associationWitf"maternal toxicity in the
mouse. Considering the safety margin based on the absence of adverse fj after administration of a
full human dose in rabbits and mice, no reproductive and development icity are expected.

Other toxicity studies é

CYD dengue vaccine is a live attenuated vaccine and as such,%stribution, persistence and shedding
were evaluated in cynomolgus monkeys after SC administ@. avivirus-seronegative cynomolgus
monkeys received a single SC administration of CYD de ccine at approximately 5 log10 CCID50 of
each serotype in 0.5 mL (phase III lot material), whic rQsponds to the human dose level and volume.
The distribution data showed that CYD Dengue Vaccine RNA was predominantly limited to the injection
site, the lymphoid tissues and liver, with detectio drenals, bone marrow and skeletal muscle in
occasional animals. There was evidence of vir?rance at day 21 after vaccination with persistence
limited to very low level in injection site and draiffing lymph node samples in a few animals only. Absence
of detection of viral RNA in the nervous s tissues supports lack of neurotropism. There was no
shedding of CYD Dengue Vaccine RNA inibody fluids. Dissemination to the environment or transmission
from vaccinees to close contacts would tRerefore not be expected. Viremia, which is considered a marker
of viscerotropism, was low and ne ceed WHO acceptable limits for viremia.

All live dengue vaccines should @sted once for neurovirulence, which is a particular concern for dengue
vaccine viruses derived fromg D. The neurotoxic profile of CYD dengue vaccine was evaluated over a
30-day period following si tracerebral administration to cynomolgus monkeys and compared to a
yellow fever vaccine single ingcacranial injection, at a dose equivalent to the human dose, as requested in
the WHO guidelines TRS n° 979). Clinical scores for encephalitis did not exceed the scores for
yellow fever vaccineé& the histological scores were significantly lower. The assessment in monkeys
correlated with mQuse neurovirulence studies that were conducted as part of the manufacturing control of
virus seed Iom he safety characterization of CYD dengue vaccine viruses, which also demonstrated
that the r inant vaccines were less neurovirulent for 8 day-old mice than YF 17D vaccine and not
neurovir@ young adult mice after injection by the intracerebral route. The neurotoxic profile of CYD
dengu ne is therefore considered acceptable.

Va on with YF-17D vaccine is associated with the rare occurrence of acute viscerotropic disease.

ough viral tropism is largely linked with the virus E protein, which is replaced by the dengue coding
region for E protein in CYD viruses, viscerotropism was evaluated in this model of IC injected NHP by
measure of viremia. The highest value in CYD dengue vaccinated monkeys was 3.3 log10 PFU/ml, thereby
fulfilling the WHO criteria for absence of viscerotropism (WHO TRS n°872 and 979).
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2.3.5. Ecotoxicity/environmental risk assessment

The environmental risk assessment was performed in accordance with Annex II to Directive 2001/18/EC
on the deliberate release into environment of genetically modified organisms (GMOs) and following the
precautionary principle using the methodology set down in Council Decision 2002/812/EC and
Commission Decision 2002/623/EC and EMA guidelines on environmental risk assessments for @cinal
products consisting of, or containing GMOs (EMEA/CHMP/BWP/473191/2006).

In accordance with Article 6 of Regulation (EC) No 726/2004, national competent authoi\égestablished
under Directive 2001/18/EC have been consulted. {

The risk assessment methodology of GMOs recognizes the following steps: (1) hadentification, (2)
hazard characterization, (3) assessment of likelihood, (4) risk estimation, (5)%yaltation of risk

management options followed by (6) a conclusion on the acceptability (or not the overall impact of the
use of the GMO on human health and the environment taking into account t anagement strategies

applied.

Beside direct effects of the GMO (e.g. pathogenicity or sensitization :JQequent wt DENV infection),
indirect effects through which people who are not intended to be ﬁnated and environment may
become at risk were also described. These indirect effects may a@rom a causal chain of events.
Therefore, the potential hazard related to a) genetic instability %otential for reversion to virulence and
b) recombination with wt flaviviruses due to homologous ?— mologous recombination and the
formation of replication competent recombinants were c red important factors and as such included

in the ‘hazard identification step’. \

The ERA performed is comprehensive and include luations substantiated by data acquired during 15
years. In vitro and preclinical in vivo experiments,i -human primates have shown that there is limited
risk of viscerotropism and neurotropism with viruses compared with YF 17D, as expected. Reversion

to virulence is an important aspect with li ttenuated vaccines, in particular with RNA viruses. The CYD
virus do not have YF 17D prM or E gene \&arry numerous attenuating residues within the seven YF
17D non-structural genes and the capsi ein gene (in total 48 nucleotides sequence differences, 22 of
which leading to amino acid substitut . A recombination event or multiple mutational events that
change the attenuated phenotypebre of virulence and simultaneously enhance the capacity of the

virus to replicate, disseminate, be transmitted by the mosquito are deemed to be highly unlikely.
Furthermore, chimerisation cempromises replication competence, underscoring the low probability that a
vaccine/wt recombinant ossess a high mosquito infectivity phenotype.

Studies investigating Nkell ood of intermolecular recombination between different flaviviruses in vitro
indicate that recom@ n of the CYD vaccine viruses with a wt flavivirus is extremely unlikely.

Furthermore, "w -Cdse scenarios" exchange mutants created ad-hoc (where whole vaccine construct’s
with wild type virus’ genes) showed that replication and transmission in mosquitoes

genes were swx
and outcog'\e in )fon-human primates were attenuated compared to wt viruses. Further reassurance is
that there is no evidence that the use of YF 17D in endemic regions has led to emergence

given by &i
of reco t virus.

Sheul dding occur (viral shedding data from two clinical studies CYD04 Phase I and CYD17 Phase III
e® low and transient CYD dengue virus in urine and saliva in only a very low percentage of subjects),
it not contribute to the dissemination in human population as CYD Dengue viruses are fragile

lipid-enveloped viruses sensitive to desiccation. They do not form survival structures nor replicate outside
their human or mosquito host.
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Taking into account the route of vector-borne transmission of flaviviruses, aspects such as the degree of
viremia in a vaccinee and the ability of mosquitoes or ticks to transmit the CYD dengue viruses were
evaluated to assess their dissemination in the environment. CYD dengue vaccine viremia was shown to be
absent or present at low-levels and for a short duration in animal and human studies. Moreover, it has
been shown that arthropods vectors such as mosquitoes or ticks were unable to transmit CYD@;ue
viruses after oral feeding.

Waste treatment and the minimum requirements for waste disposal were agreed during th dure, as
well as an emergency plan in case of accidental spill or exposure. ¢

Considering all of these elements, there are no major objections linked to release @ gvaxia into the

environment. Q

The monkey was the species of choice for the pharmacology and toxicol dies. The limitation of this
animal model is that monkeys do not develop symptomatic dengue disegﬁpon infection. In view of the
limited alternative options which also have their disadvantages, incliding immunocompromised mice
presenting some symptomatic infection, this is considered accep@. No major objections were

2.3.6. Discussion on non-clinical aspects

identified and no additional studies are required. q’

Pharmacokinetic studies are normally not required for a vacine. ¥he Applicant provided a distribution,
persistence and shedding study in monkeys but no other, kinetics studies were performed with CYD
dengue vaccine, which is acceptable.

All pivotal toxicology studies have been conducteﬁording to GLP requirements and the relevant EMA
and WHO guidelines. Overall, the nonclinical safet ta demonstrate that CYD dengue vaccine has an
acceptable safety profile.

2.3.7. Conclusion on non-clineélnaspects

Overall, the non-clinical safety da @nstrate that CYD dengue vaccine has an acceptable safety
profile. The application is approva om a non-clinical perspective.

2.4. Clinical aspects @
2.4.1. IntroductioQ

The present Applicagb\cludes clinical data from 31 completed or ongoing Phase I to Phase III studies

conducted in den demic and non-endemic regions, representing data in more than 40,000 subjects

from 9 month§ Qh 60 years of age exposed to at least one injection of the final tetravalent CYD

dengue va‘cci e formulation. Immunogenicity data have been collected in the population from 9 months

through . Pivotal efficacy data have been collected in children and adolescents from 2 to 16 years.
Q

A tabu view and listing of the main clinical studies are provided in Figure 4 and Table 3. In addition
thenfo ng study was performed upon identification of a safety risk in sero-negative individuals: Phase

(Supplemental study) entitled Risk of symptomatic, hospitalized and/or severe VCD according to
dengue serostatus in CYD Vaccine Efficacy Trials (CYD14, CYD15, CYD23/57). Refer to section 2.5.3 and
relevant subsections.
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GCP

The Clinical trials were performed in accordance with GCP as claimed by the Applicant. A GCP inspection
was conducted for CYD14 in 2016. Despite deficiencies in the monitoring process across all sites, which
were addressed by the Applicant, the data collected were deemed of acceptable quality. z

@ unity

The Applicant has provided a statement to the effect that clinical trials conducted outside the
were carried out in accordance with the ethical standards of Directive 2001/20/EC. :

&
e Tabular overview of clinical studies
Figure 4: Overview of Clinical Development: Early Development, Pivotal m@&:portive
Studies

CYD10 cYD22 N
Subjects 18-40 years old 1n Austrahia Subjects 2-45 years old in Vietnam 16 years old 1n Columbia.
5555 formulation (single dose) 5555 formulation at 0. 6, 12 months . Mexico and Puerto Rico
formulation at 0_ 6. 12 months
CYDI11 CYD28 24
Subjects 18-45 years old in Mexico City Subjects 2-45 years old in Singapore Subjects 2-11 years old in Peru
5555 formulation + bivalents formulations at 0, 3/4 5555 formulation at 0. 6, 12 months 5555 formulation at 0. 6, 12 months
months Y 4 All subjects previously vaccinated agamnst YF
CYD12* CYD23 (Proof-of-Concept C ’D\ CYD30
Subjects 18-45 years old m USA Efficacy Study) ow- Subjects 9-16 years old in Brazil
PHASEIT | | 4444 5553, 5555 formulation at 0. 6. 12 months Subjects 4-11 years old in Thailand of GD23 5555 formulation at 0, 6. 12 months
STUDIES 5555 formulation at 0. 6, 12 mon JeCts
L ¥
CYDs51* CYD47
Subjects 18-45 years old in USA Subjects 18 to 45 years old 4 Ins
5555 formulation at 0. 6. 12 months 5555 formulation at 0. 6, 12 ths
5555 formulation at 0, 2_ 6 months
50% of subjects previously vaccinated against YF
Co-administration with YF \
5
CYDO0S
Subjects 1 % ponths old in the Philippines
5555 formulfiiongt 0. 6, 12 months
Co-a ton with MMR
CYD17 (Lot Consistency Study) CYD32 CYD29
Subjects 18-60 years old in Australia jects 2-11 years old in Malaysia Subjects 12-13 months old in Colombia and
5555 formulation at 0, 6. 12 months ulation at 0. 6. 12 months Peru
subjects previously vaccinated agamnst JE 5555 formulation at 0. 6. 12 months
Co-admnistration with YF
PHASE 14 (Efficacy Study) CYD33
‘JTI_]—:J[JIIES Subjects 2-14 years old in Indonesia. Malaysia, Subjects 9-12 months old in Mexico
- g Philippines. Thailand and Vietnam 5555 formulation at 0, 6. 12 months
5555 fc lation at 0. 6, 12 ith Co-admmistration with DTaP-IPV//Hib
O CYD15 (Efficacy Study)
Subjects 9-16 years old in Brazil, Colombia,
5555 formulation at 0, 6, 12 th

CYD dengue vaccine formulations: 5 formul:lti?n = ~5 logyo CCIDsy/serotypes, 4444 formulation = ~4 log;g CCIDsy/serotypes, 5553 formulation = ~5 log;g CCIDsy/serotypes 1, 2
and 3 and ~3 log,; CCIDsy/serotyped

YF: yellow fever; JE: JTapanese e -v&- bs; MMR: measles, mumps and rubella; DTaP-IPV//Hib: diphtheria, tetanus. acellular pertussis, polio and Haemophilus influenzae type b
(Hib).

*CYD12 and CYDSltEat om theygroup receiving the final formulation and schedule are presented in this summary
L 2
I:I Earlwcxmem Studies :I Supportive Study [:I Pivotal Studies
*

QQJ
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Table 3: Tabular Listing of all Clinical Studies

Study Main Objectives of the Study design | Test Product(s); Dosage Regimen; Route Number of Subjects Countries; I Q
Identifier Study of Administration Endemic /
and study Non-endemic |a
status/ Area; Trlal atients
report Period (“
CYDO1 - Descriptive safety and Phase I, ChimeriVax™-DEN2 vaccine at DO Randomized: 42 yellow A Healthy
tolerability. monocenter, G 1: w5 | PEU/ " ) fever non-immune subjects/ adults
; ) . i roup 1: ~5 log serotype 2.
Completed; - Vaccine viremia. ra:grorlr?lzded, " ;4 llow fever immidh ‘ n-endemic
Sponsor for | - Descriptive dengue g?)ubl%-?)li;qd Group 2: ~3 logioPFU/ serotype 2. sub}lgct(:; enero(lel i\ it area 18-49 years
this study: Pmunga; f:sd gﬁ!zlar (open for Group 3: Yellow fever vaccine (YF-VAX®) | randomizati @u 4
Acambis Inc ! ponse. yellow fever at DO. 05 Mar 2002 to
- Antibody persistence | j;myne Group 4 (subjects with previous YF - GR : 26 Jun 2002
up to 1 year. group) trial. vaccination): ~5 log;oPFU/ serotype 2. 1 (antibody
0.5 mL/injection. \ up 3: 14 persistence
Subcutaneous injection. ~Group 4: 14 follow-up not
e\ included)
CYDO02 - Descriptive safety and Phase I, CYD Dengue Vaccine (~4 1 o M Randomized: 99 USA Healthy
tolerability after each monocenter, serotype 1, 2, 3, 4) G 133 adults
injection. randomized, - Group 1: .
Completed; jection. Group 1: CYD dengy® vakcipe at DO and M5 | _ g 2: 33 Non-endemic
- Vaccine viremia after controlled, roup 2: 18-4
Sponsor for e double-blind to M9. . area 8-40 years
hi dv- each injection. ou ! i - Group 3: 33
this study: - Descriptive dengue (1st injection), | Group 2: ver vaccine (YF-VAX®)
Acambis Inc | P mune Tesponse | oPen (2nd at DO. C vaccine at M5 to M9. 17 Nov 2003 to
before and after each injection) trial. cebo (YF-VAX® diluent) at DO. 13 Nov 2004
injection. ue vaccine at M5 to M9.
- Effect of prior YF )) mL/injection.
vaccination. \ Subcutaneous injection.
CYDO04 - Descriptive safety after m CYD Dengue Vaccine (~5 10g,oCCIDso/ Randomized: 66 USA Healthy
each injection. nocenter serotype 1, 2, 3, 4) adults
fler randomlzed ) - Group 1: 33 N demi
completed placebo-contro | Group 1: CYD dengue vaccine at DO, M3.5 - Group 2: 33 on-endemic
lled and M12 area 18-45 years

dengue
| and cellular
une response before
and after each injection.

blind-observer
(1st injection),
open (2nd &
3rd injections)
trial.

Group 2: Placebo (YF-VAX® diluent) at DO.
CYD dengue vaccine at M3.5 and M12.

0.5 mL/injection.
Subcutaneous injection.

11 Oct 2005 to
13 Feb 2007
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Study Main Objectives of the Study design | Test Product(s); Dosage Regimen; Route Number of Subjects Countries; Healthy
Identifier Study of Administration Endemic / Subjects or
and study Non-endemic Diagnosis

status/ Area; Trial of Patients
report Period (FVFS -
LVLS?) DY C
P\
CYDO5 - Descriptive safety after Phase I, CYD Dengue Vaccine (~5 log;0CCIDso/ Randomized: 126 Philippines Ith -
each injection. monocenter, serotype 1, 2, 3, 4) G 1: 84 jects
) ) . ; oup 1:
Completed; - Vaccine viremia after randomized, . ) r
Interim CSR | each injection. controlled, %. CYD dengue vaccine at DO, M3.5 ® 12 adults 2-45 years
up to 28 - Descriptive dengue blind-observer | . . e ® 24 adolescents (12-17
days after humoral immune response (1st injection), | Group 2: Typhoid vaccine (Typhim Vi®) at years)
the 3rd before and after each g;r)(??ngzzgosr:s) DO. CYD dengue vaccine at M3.5 and M12. e 24 children (6-11 years)’ os 201
injection injecti i - cluding
injection. o trial. ® 24 children (2-5 yg@frs) ears follow-u
+ - 5- t-injection 3 injecti y P
CSR year post-injection 0.5 mL/injection. Group 2: 42 after the 37
Addendum | fellow-up: antibody Subcutaneous injection. . 6 adult injection)
- persistence and safety.
for antibody i . o1 | (12-17
persistence - Detection of symptomatic
data up to 5 | dengue cases during the S S')Id en(6-11 years)
first 4 years of follow-up. 1ldrf =11l year
years after Yy P \ children (2-5 years)
the 3rd N
injection r\
CYDO6 - Descriptive safety after Phase I, CYD Dengue Vaccine (~5 log;o M Randomized: 126 Mexico Healthy
each injection. multicenter, serotype 1, 2, 3, 4) subjects
completed - Vaccine viremia after randomized, Group 1: 84 ;
each injection controlled, Group 1: CYD dengffe vaecipe at DO, M3.5 e 12 adults Non endemic
- Descriptive c;en ue blind-observer | and M12. « 24 adolescents (12-17 area 2-45 years
humoralpimmunegres onse (1st injection), | Group 2: ver vaccine (Stamaril years)
P open (2nd & Pasteur® -'€YD dengue vaccine at M3.5 | o 24 children (6-11 years) | 24 Jan 2006 to
before and after each 3rd inecti and Y 50 Aug 2007
injection. tr:almjec ions) @ ® 24 children (2-5 years) 9
. Group 2: 42
.5 mL/injection. e 6 adults
Subcutaneous injection. e 12 adolescents (12-17
years)
. e 12 children (6=11 years)
\‘ e 12 children (2=5 years)
s £ \
CYD10 - Descriptive safe Phase IIa, CYD Dengue Vaccine (~5 10g,0CCIDso/ Enrolled subjects: 35 Australia Healthy
one injectio monocenter, serotype 1, 2, 3, 4) subjects
completed - Viacci after one | controlled, " - - Group 1: 15 Non-endemic
08N open trial. All groups: CYD dengue vaccine at DO. - Group 2: 8 ares 18-40 years
iptive dengue Group 1: subjects who received monovalent | - Group 3: 12

oral and cellular
immune response before
and after one injection.

Vero dengue vaccine, VDV1 (serotype 1) or
VDV2 (serotype 2) 1 year before inclusion (in

a previous study).

02 Aug 2006 to
13 Mar 2007
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Study Main Objectives of the Study design | Test Product(s); Dosage Regimen; Route Number of Subjects Countries; Healthy
Identifier Study of Administration Endemic / Subjects or
and study Non-endemic Diagnosis

status/ Area; Trial of Patients
report Period (FVFS -
LVLS?) DY C
PR\
- 6 months post-injection Group 2: subjects who received yellow fever \J
safety follow-up. vaccine 1 year before inclusion (in a previous
study).
Group 3: flavivirus non-immune subjects. ‘
0.5 mL/injection. 0
Subcutaneous injection. ¥d
CYD11 - Descriptive safety after Phase IIa, Bivalent or tetravalent CYD Dengue Randomized: 155 Xico Healthy
each injection. multicenter Vaccine (~5 log;0CCIDso/ serotype) subjects
. ! ; randomized - Group 1: 30
Completed | - Vaccine viremia after controlled. Blending tetravalent CYD dengue - Group 2 Non-endemic 18-45 years
) each |nJ'ec.t|on. open trial. vaccine (~5 10g10CCIDso/ serotype 1, 3, area
Final CSR - Descriptive dengue ' 4) + Vero dengue vaccine
+ humoral and cellular (~4 log;10,CCIDso/serotype 2) 11 Aug 2008 to
Addendum immune response before 30 Oct 2009
to CSR with and after each injection. Group 1: Bivalent CYD vaccine (1, 3) at DO. s
PRNT data - 12 months post-injection
(retest) 1 safety follow-up.

bivalent CYD (2, 4) at DO and .

Group 3: Blending tetr:
and M3.5.

Bivalent CYD vaccine (2, 4) at M3.5.
Group 2: Bivalent CYD vaccine@
alent vaccine at DO

Group 4: Jetrav. dengue vaccine at
DO and M
Gro ccine? (JE-VAX®) at D-14,
{ etravalent CYD dengue vaccine

) ivalent and tetravalent CYD, and blending
tetravalent CYD/VDV:
0.5 mL/injection.

- JE vaccine: 1.0 mL/injection.

Subcutaneous injection.

Assessment report
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Study Main Objectives of the Study design | Test Product(s); Dosage Regimen; Route Number of Subjects Countries; Healthy
Identifier Study of Administration Endemic / Subjects or
and study Non-endemic Diagnosis

status/ Area; Trial of Patients
report Period (FVFS - >
LVLS!) . C L/
24

CYD12 - Descriptive dengue Phase II, CYD Dengue Vaccine formulations: Randomized: 260 USA Ith -
humoral immune response | randomized, 5555 (~5 log;oCCIDso/serotype 1, 2, 3, 4) ) jects

completed | Defore and after each double-blind, | 5553 (~5 logiCCIDsy/serotype 1, 2, 3)and |~ S"°UP 1: 0% Non-epdemfc
injection. m_ultlcenter (~3 logyo CCIDso/serotype 4) - Group 2: 103 area 18-45 years
- Descriptive safety, after trial. 4444 (~4 logyo CCIDso/serotype 1, 2, 3, 4) - Group 3: 53
each injection. Group 1: CYD d ine (5555) at DO 7 008 t
_ ) ) . roup 1: engue vaccine a , (o}
_Vaccme viremia a_ftet" the M6 and M12. 5 Dec 2009
first and second injections. G 2: CYD d . 5553) at DO
- 6 months post-injection 3 ﬁr;dLl\;llz engue vaccine ( )a !
safety follow-up. ’ .

Group 3: CYD dengue vaccine (4444) at DO,

M6 and M12.

0.5 mL/injection. 0
Subcutaneous injection. \

CYD13 - Descriptive dengue Phase II, CYD Dengue Vaccine (~5 log;o,CC / b Randomized: 600 Colombia Healthy
humoral immune response | randomized, serotype 1, 2, 3, 4) ) Honduras subjects
before and after each controlled, Group 1: CYD dengue vaccine%at and | - Group 1:401 Mexico
injection. blind-observer | M12 - Group 2: 199 Puerto Rico

completed ot (st and 2nd ’ 9-16 years
- Des_crl_ptl\{e safety after injections) Group 2: Placebo .9%) at DO and
each injection. Y o) M6. Tdap® vacci DACEL®) at M12. Endemic areas

. ; single blind
- Detection of symptomatic (3rd injection)
dengue cases. multicenter, 0.5 mL/i a’ 09 Oct 2009 to
- 6 months post-injection 3 | multinational PlaceéboNaRd,£YD dengue vaccine: 29 Aug 2011
safety follow-up. trial. ‘% eous injection.
(\ ap vaccine: intramuscular injection.

L

\C\

N\
QO

X

wm@
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Study Main Objectives of the Study design | Test Product(s); Dosage Regimen; Route Number of Subjects Countries; Healthy
Identifier Study of Administration Endemic / Subjects or
and study Non-endemic Diagnosis

status/ Area; Trial of Patients
report Period (FVFS -
LVLS?) DY C
PR\

CYD22 - Descriptive dengue Phase I, CYD Dengue Vaccine (~5 10og;0CCIDsq / Randomized: 180 Vietnam ity =
humoral immune response | randomized, serotype 1, 2, 3, 4) G 1: 120 ( jects

Completed; before and after each controlled, Group 1: CYD dengue vaccine at DO, M6 and roup - Enderic -45 years

' injection. blind-observer M12. e 20 adults
- , monocenter
) - Descriptive safety, after | [ . Group 2: Meningococcal Polysaccharide | ® 20 adolescents

Final CSR each injection rial. . ) 134 M 2

(up to 4 ] . A+C vaccine at DO. Placebo (NaCl 0.4% e 40 children (6-11 years)’ 14
- 4-year post-injection 3 containing human serum albumin 2.5%) at 40 chil 5 5’ )

X_}?Zgiggs;) follow-up: antibody M6. Typhoid Vi Polysaccharide vaccine * 40 children (2=5 yegrs) ‘ cluding 4

. persistence and safety. (Typhim Vi®) at M12. Group 2: 60 years
. ] S post-injection 3
- Detection of symptomatic 0.5 mL/injection. e 10 adul follow-up)
dengue cases. Subcutaneous injection. P
e 10 l&s S
hildre —-11 years)
ildren (2-5 years)

CYD24 - Descriptive dengue Phase 1I, CYD Dengue Vaccine (~5 log;oC Randomized: 300 Peru Healthy
humoral immune response, | randomized, serotype 1, 2, 3, 4) (but 2 not vaccinated) subjects
before and after each controlled . i . -

. ’ Group 1: CYD dengue vaccineat D 6 and i 2-11 years

Completed; injection, in children blind-observer | M12. Group 1: 199 Endemic area
previously vaccinated , monocenter L ® 99 children (6-11 years)

) . i Group 2: Placebo % containing Y

Final CSR against yellow fever. trial. human serum al %) at DO and M6. ® 100 children (2-5 years) fg iep %g?g to

+ - Descriptive safety after Pneumoc saccharide vaccine v9

Addendum each injection. (Pneumo Group 2: 99

to CSR with - Vaccine viremia, after the 9 ® 49 children (6-11 years)

PRNT Data first and second injections, ® 50 children (2-5 vears

(retest) in a subset of subjects. % injection. ( Y )

- Detection of symptomatic )5 cutaneous injection.
dengue cases. \

- 6-month post-injection 3

safety follow-up. . \

CYD28 - Descriptive saf(‘aty \ Ph‘ase 11, CYD Dengue Vaccine (~5 10g1oCCIDso/ Randomized: 1198 Singapore Healthy

each injectio randomized, serotype 1, 2, 3, 4) subjects
s controlled Group 1: 898
- Descriptiv g ; 4 Group 1: CYD dengue vaccine at DO, M6 and Endemic area
humora before blind-observer - 4 e 521 adults 2-45 years
completed (1% injection), M12. y

a ft hfjection in a

n
jects.
scriptive cellular
i une response after the
2" and 3" injection in a
subset of subjects.

single blind
(2™ and 3™
injection),
multicenter
trial.

Group 2:

If < 12 years

Placebo (NaCl 0.9%) at DO. Hepatitis A
vaccine (Havrix®) at M6 and M12.

If > 12 years

® 141 adolescents
® 236 children
Group 2: 300

® 174 adults

07
14
(in

Apr 2009 to
Oct 2014;
cluding 4

years
post-injection 3

Assessment report
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Study Main Objectives of the Study design | Test Product(s); Dosage Regimen; Route Number of Subjects Countries; Healthy
Identifier Study of Administration Endemic / Subjects or
and study Non-endemic Diagnosis

status/ Area; Trial of Patients
report Period (FVFS -
LVLS?) DY C
P\ =

- 4-year post-injection 3 Placebo (NaCl 0.9%) at DO. Influenza follow-up)

follow-up: antibody vaccine (Vaxigrip®) at M6 and M12. ® 46 adolescents \

persistence (in a subset of L ® 80 children

subjects) and safety. 0.5 mL/injection. N

- Detection of symptomatic Subcutaneous injection for all but Hepatitis A

o ymp vaccine: intramuscular injection.
hospitalized dengue cases.
7

CYD30 - Descriptive dengue Phase II, CYD Dengue Vaccine (~5 109,0CCIDso/ Randomized: 150 razil Healthy
humoral immune response | randomized, serotype 1, 2, 3, 4) G 1: 100 subjects

completed pgfor(_e and after each placebo-contro Group 1: CYD dengue vaccine at DO, M6 and roup 1: Endemic area
injection. L')T-jd,d ) M12. ® 60 adolt @ S(12 to 16 9-16 years
- Descriptive safety after INd-ODSErVer | Group 2: Placebo (NaCl 0.9%) at DO, M6 yegrs
each injection. s monocenter | 54 m12., ildten”(o to 11 fg /:4“9 égllg to
- Detection of symptomatic trial. \ ars) ay
dengue cases. b Group 2: 50
- 6-month post-injection 3 0.5 mL/injection. O pe
safety follow-up. Subcutaneous injection. e 31 adolescents (12 to 16

years)
‘ ® 19 children (9 to 11
N ( N years)

CYD47 - Descriptive dengue Phase 1I, CYD Den ﬁn?!NS 10g10CCIDso/ Randomized: 189 India Healthy
humoral immune response | randomized, serotyp " ) G 1: 128 subjects
before the 1% injection and | placebo-contro ) - Group 1: )

completed after each injection. lled, dengue vaccine at DO, M6 and | - Group 2: 61 Endemic area 18-45 years
- Descriptive safety after blind-observe o
each injection. , multjcente d1;4122: Placebo (NaCl 0.9%) at DO, M6 S; E’Iar %81% to
- Detection of symptomatic trial. an ! &c
dengue cases. 6
- 6-month post-injectiop \ 0.5 mL/injection.
safety follow-up. \ Subcutaneous injection.

- A

CYD23 - Vaccine effic gw Phase IIb, CYD Dengue Vaccine (~5 10g,oCCIDso/ Randomized: 4002 Thailand Healthy
virologically i randomized, serotype 1, 2, 3, 4) subjects

completed de controlled, Group 1: CYD dengue vaccine Two-step enroliment as per | Endemic area 4-11 years

ive» dengue blind-observer | - cohort 1: at DO, M6 and M12. cohort number :

I immune response,
fore and after each
injection and one year after
the 3™ injection, in a subset
of subjects.

, monocenter
trial.

- cohort 2: at DO, M6 and M12.

Group 2:
- cohort 1: Rabies vaccine (Verorab®) at
DO0. Placebo (NaCl 0.9%) at M6 and M12.

Group 1: 2669
e 100 in cohort 1
e 2569 in cohort 2

05 Feb 2009 to
22 Mar 2012 (13
months after
injection 3: end
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Study Main Objectives of the Study design | Test Product(s); Dosage Regimen; Route Number of Subjects Countries; Healthy
Identifier Study of Administration Endemic / Subjects or
and study Non-endemic Diagnosis

status/ Area; Trial of Patients
report Period (FVFS - >
LVLS!) . C L/
2%
- Safety throughout the - cohort 2: Group 2:1333 of Active Phase) \ >4
trial and descriptive Placebo at DO, M6 and M12. ) End of the study,
reactogenicity (injection * 50in cohort 1 (after a HOIdH
site and systemic), after 0.5 mL/ injection e 1283 in cohort 2 10 Se
each injection, in a subset Subcutaneous injection *
of subjects. :
- Vaccine viremia, after the Py
1st and 2nd injections, in a
subset of subjects. . (
CYD57 - 4-year post-injection 3 Monocenter, No vaccine administration. Included: 3 36\ Thailand Healthy
safety follow-up of subjects | safety Group 1: subjects
Ongoing; E:(GS"Z%USW enrolled in 2‘:”3‘;";‘9 Gro@ Endemic area
i : 4-11 years
Interim CSR | etection and CyD23. jeets included in at Y
up to 2 characterization of 23) 10 Sep 2013
years post hospitalized dengue cases b (after hold of _enrollment
injection 3 P 9 : CYD23) to in CYD23
received in - Evaluation of occurrences 17 Feb 2014
CcYD23 of related (linked to CYD (24 months
dengue vaccine received in post-injection 3
CYD23) and fatal SAEs. follow-up)
Planned
completion date
including 5-year
post-injection
3 follow-up: Mar
N 2016
CYD17 - Lot-to-lot consistency Phase WI, )CYD Dengue Vaccine (~5 10g;0CCIDso/ Randomized: 715 Australia Healthy
across 3 Phase III lots. ra d, serotype 1, 2, 3, 4) subjects
T | _®ntro - Group 1: 164 . 18-60
Completed; | - Bridging between Pha‘se Groups 1, 2 and 3: CYD dengue vaccine - Group 2: 163 Non-endemic -oYyears
Final csr | [T and Phase III lots. blind-observer | Phase III lots 1, 2, 3 respectively at DO, M6 | _ o o 5. 1¢3 area
+ - Descriptive safgty, g@fte multicenter and M12. - roup >:
Addendum each 'r_UeCt'_on trial. Group 4: CYD dengue vaccine Phase II lot at | ~ Group 4: 168 05 Oct 2010 to
to CSR with - Vacc':lr?e v.|r ter DO, M6 and M12. - Group 5: 57 12 Jun 2012
exploratory eagl In subset Group 5: Placebo (NaCl 0.9%) at DO, M6
analysis p and M12.
hédding, after each

jects.

- Descriptive dengue
humoral immune response

0.5 mL/ injection.
Subcutaneous injection.

Assessment report
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Study Main Objectives of the Study design | Test Product(s); Dosage Regimen; Route Number of Subjects Countries; Healthy
Identifier Study of Administration Endemic / Subjects or
and study Non-endemic Diagnosis

status/ Area; Trial of Patients
report Period (FVFS -
LVLS') . C‘
2%
after the 3rd injection, \ 4
according to the flavivirus
immune status at baseline (
in a subset of subjects. “
- 6-month post injection 3 ‘
safety follow-up. \)
’ -
CYD32 - Descriptive safety, after Phase III, CYD Dengue Vaccine (~5 10g;oCCIDso/ Randomized: 250 ‘ laysia Healthy
each injection. randomized, serotypes 1, 2, 3, 4) subjects
R ioti placebo-contro Group 1: 199 ( )
completed Descriptive dengue Group 1: CYD dengue vaccine at DO, M6 and Endemic area
humoral immune response, | lled, Wi ’ * 99(2-3 2-11 years
after the 2nd and 3rd blind-observer ' « 10 ars)
injection. , multicenter Group 2: Placebo (NaCl 0.9%) at DO, M6 02 Dec 2010 to
- 6-month post-injection 3 trial. and M12. 151 14 Aug 2012
safety follow-up. 0.5 mL/ injection. -5 years)
Subcutaneous injection. O b e 25 (6-11 years)
CYD14 - Vaccine efficacy against Phase III, CYD Dengue Vacci ‘S’Iogl‘oCCIDso/ Randomized: 10,275 Indonesia, Healthy
virologically confirmed randomized, serotype 1, 2, 3 Malaysia, subjects
completed; dengue cases. placebo-contro G 1 ] £ DO. M6 and - Group 1: 6851 Thailand,
’ - Safety throughout the lled, Group 1: engue vaccine a ’ an - Group 2: 3424 the Philippines, 2-14 years
i trial and descripti blind-observer | M12. Viet Nam Y
Interim CSR ptive - o
up to 48 reactogenicity (injection , Multicenter | G ebo (NaCl 0.9%) at DO, M6 Endemic areas
months site and systemic) after trial. d 03 Jun 2011 to

post-injectio
n3

(Year 3
Hospital
Phase)
submitted

each injection, in a subset
of subjects.

- Descriptive dengue
humoral immune response,
after the 2@ and 3@ o

injection, in a subset
subjects. .

- 5-year postgifjecti

follow-up. sg @
detecti afirmed
(o] engue cases
angibody persistence in

ubset of subjects.

‘\\6\

)0.5 mL/ injection.
Subcutaneous injection.

05 Dec 2014
(24- month
post-injection 3
follow-up)
Planned
completion date
including 5-year
post-injection 3
follow-up:

Nov 2017
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Study Main Objectives of the Study design | Test Product(s); Dosage Regimen; Route Number of Subjects Countries; Healthy
Identifier Study of Administration Endemic / Subjects or
and study Non-endemic Diagnosis

status/ Area; Trial of Patients
report Period (FVFS -
LVLS?) DY c
PR\
CYD15 - Vaccine efficacy against Phase III, CYD Dengue Vaccine (~5 10g;oCCIDso/ Randomized: 20,869 Brazil, Colombia, kﬁth -
virologically confirmed randomized, serotype 1, 2, 3, 4) Honduras, jects
dengue cases. placebo-contro ) - Group 1: 13,920 Mexico, ()
Ongoing: - Safety throughout the lled, %u: CYD dengue vaccine at DO, M6 and | - Group 2: 6949 Puert 9-16 years
! trial and descriptive blind-observer '
Interim CSR | reactogenicity (injection , multicenter Group 2: Placebo (NaCl 0.9%) at DO, M6 erlic area
up to 48 site and systemic) after trial. and M12. 1§
months | e iecton in 2 subse 8 un 2011 1o
post-injectio - 0.5 mL/ dose. 04 Mar 2015
n3 - Descriptive dengue Subcutaneous injection. 6 (24-month post-
(Year 3 humoral immune response, P
. nd rd injection 3
Hospital after the 2™ and 3 0@ follow-up)
Phase) injection, in a subset of
submitted subjects. O Planned

- 5-year post-injection 3
follow-up: safety,
detection of confirmed
hospitalized dengue cases
and antibody persistence in
a subset of subjects.

3

completion date
including 5-year
post-injection 3
follow-up:
Apr 2018

L

\C\

wm@

o
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Study Main Objectives of the Study design | Test Product(s); Dosage Regimen; Route Number of Subjects Countries; Healthy
Identifier Study of Administration Endemic / Subjects or
and study Non-endemic Diagnosis

status/ Area; Trial of Patients
report Period (FVFS -
LVLS?)
CYDO8 - Descriptive safety, after Phase II, CYD Dengue Vaccine (~5 log;0CCIDso/ Randomized: 210 Philippines
each injection (dengue randomized, serotype 1, 2, 3, 4) ().4 ects
completed and/or MMR* vaccines). contl"qlled, Group 1: MMR (Trimovax®) at M-1. CYD - Group 1: 60
- Vaccine viremia after the | modified dengue vaccine at DO, M6 and M12. 12-15
first dengue injection. double-blind i ) - Group 2: 30 months at
- Descriptive humoral (1st injection), | Group 2: MMR at M-1. \_/z_arlcella vaccine first iniection
- P open (2nd and | (Okavax®) at DO. Hepatitis A vaccine - Group 3: J
immune response (dengue 3rd injections) (Avaxim®) at M6 and M12
and/or MMR vaccines) after muIticJenter ’ ’ - Group 4:
each respective injection. trial Group 3: Varicella vaccine at M-1. CYD
- Detection of symptomatic ' dengue vaccine + MMR at DO. CYD dengue Three-ste
dengue cases. vaccine at M6 and M12. per cohor
- 6-month post-injection 3 Group 4: MMR at M-1. CYD Dengue vaccine | " 0
safety follow-up. + Placebo (NaCl 0.9%) at DO. CYD Dengue roup ¥
vaccine at M6 and M12. \ - Group 2:
Cohort 2:
All groups: DTaP-IPV/Hib vaccine® - Group 3: 20
(Pentaxim®) at M9. O - Group 4: 20
0.5 mL/ injection. = Cohort 3:
CYD dengue vaccine &%aricella and - Group 3: 40
Placebo: subcuta e@ ion. - Group 4: 40
Hepatitis A -IPV/Hib vaccines:
intramus @ inJéction
CYD29 - Non-inferiority of the PhasedlI, ‘D Dengue Vaccine Randomized: 792 Peru, Colombia Healthy
immune response against randomiized, (~5 log10CCIDso/serotype 1, 2, 3, 4) subjects
yellow fever (YF) in bligf@2ebServer ) - Group 1: 396 Endemi 12-13
subjects receiving one r@n er Group 1: CYD dgrégue vaccine + Yellow Fever | - Group 2: 396 ndemic areas months at
completed injection of YF vaccine ®, t vaccine (Stamaril ®) at DO. CYD dengue first injection

concomitantly wgh

injection of C ue\
vaccine com
|nJect|

safety, both
|nJect|on of the YF
vaccine (concomitantly
with placebo or CYD
dengue vaccine) and after

[not controlled
for dengue
vaccine but
placebo-contro
lled per design
for the
evaluation of
the
concomitant
vaccine].

vaccine at M6 and M12.

Group 2: Placebo (NaCl 0.9%) and Yellow
Fever vaccine at DO. CYD dengue vaccine at
M6 and M12.

All subjects:

- MMR (Trimovax®) + PCV® (Prevenar13®) +
Hepatitis A (Avaxim®) at M1,

- DTaP-IPV/Hib (Pentaxim®) at M7.

- Hepatitis A at M13.

07 Sep 2011 to
02 Sep 2013

Assessment report
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Study Main Objectives of the Study design | Test Product(s); Dosage Regimen; Route Number of Subjects Countries; Healthy
Identifier Study of Administration Endemic / Subjects or
and study Non-endemic Diagnosis

status/ Area; Trial of Patients
report Period (FVFS -
LVLS?) DY C
PR\
.ea.Ch ;YD ;jeng”ue \E)a!ccme 0.5 mL/ injection ( \J
injection, for all subjects. Placebo, YF, MMR and CYD dengue vaccine: (
- Descriptive YF humoral subcutaneous injection. “
immune response for all
subjects. PCV, Hepatitis A and DTaP-IPV/Hib vaccine: ‘
- Descriptive dengue intramuscular injection. 0
humoral immune response 7
in a subset of subjects. ‘
- 6-month post-injection 3
safety follow-up.
CYD33 - Non-inferiority of the Phase III, CYD Dengue Vaccine (~5 10g;0CCIDso/ Mexico Healthy
immune response against randomized, . serotype 1, 2, 3, 4) subjects
. . . s
?(Ielt::ltjgg,eg:rggls;;?st,hsgﬁé gﬁzn;rzbel . Group 1: CYD dengue vaccine at DO. CYD Endemic area .
completed and Hib) in subjects injection), dengue vaccine + DTaP-IPV/ Hib vaccme 9‘#2 months
receiving a booster dose of | blind-observer | (Pentaxim®) at M6. Placebo at M7. 18 Jul 2011 to at first
Pentaxim concomitantly (2nd dengue vaccine at M12. 04 Feb 2014 injection
with the 2nd injection of injection), Group 2: CYD dengue vaccin Q
CYD dengue vaccine multicenter DTaP-IPV/Hib + Placeb %) at M6.
compared to one booster trial CYD dengue vaccme d M12.
dose of Pentaxim [not controlled | All subjects: MM + c
concomitantly with for dengue
placebo. vaccine but

- Descriptive safety after
the injection of the
Pentaxim booster dose
(concomitantly with
placebo or with the 2™
injection of CYD dengue
vaccine) and after each
CYD dengue vaccine

injection, for all sub] \‘
- Descriptive @
humoral imm@ %
to each g Q > ype

d 3
iR subset of
accine viremia after the
first dengue injection.

- 6-month post-injection 3

placebo-contro
lled per design
for the
evalu
the

ion o

nd CYD dengue vaccine:
injection.

\V and DTaP-IPV/Hib vaccine:
ntramuscular injection.
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EMA/791273/2018

Page 42/187



\v

Study Main Objectives of the Study design | Test Product(s); Dosage Regimen; Route Number of Subjects Countries; Healthy
Identifier Study of Administration Endemic / Subjects or
and study Non-endemic Diagnosis

status/ Area; Trial of Patients
report Period (FVFS -
LVLS?) DY C
2%
safety follow-up. ( \ 4
CYD51 - Descriptive dengue Phase II, CYD Dengue Vaccine (~5 10g;oCCIDso/ Randomized: 390 USA e)thy
humoral immune response | randomized, serotype 1, 2, 3, 4) ) bjects
to each dengue serotype open-label, Group 1: CYD dengue vaccine at DO, M6 and | ~ GouP 1: 120 Non m 18-45 years
after the 3 injection of two | multicenter M12 - Group 2: 120
completed different vaccine schedules | trial - Group 3: 120 R
in naive or previous YF Group 2: CYD dengue vaccine at DO, M2 and | _ Group 4: 30 7]
vaccinated subjects. M6 ) ‘ Dec 2011 to
- Descriptive antibody For groups 1 and 2: 27 Sep 2013

persistence, in naive or
already YF vaccinated
subjects, 6-month
post-injection 3.
-Descriptive YF humoral
immune response at
baseline and 28 days after
each injection of CYD
dengue vaccine in YF+
subjects in Groups 1 and 2

-Descriptive YF humoral
immune at baseline and 1,
3, and 7 months after
injection of the YF vaccine
at DO in Groups 3 and 4
-Descriptive safety profile
after each injection of CYD
dengue vaccine and/or YF
vaccine.

Group 3: CYD dengue vaccine at DO, M2 and
M6 + YF” at DO.

Group 4: YF at DO.

3

- 60 subje it

c
- 0 with _previous YF
O ccination.

ut

! FVFS-LVLS: first visit of the first subject

2 JE: Japanese encephalitis

3 Tetanus Toxoid, Reduced D|p
4 MMR: Measles, Mumps

> DTaP-IPV/Hib: Diphthe

5 PCV: pneumococc t
7 YF: yellow fev

vaccme

Bisit

f the last subject (LVLS includes last contact of subjects by telephone call)

|d and Acellular Pertussis Vaccine Absorbed

Pertu55|s Poliomyelitis and Hib vaccine

Assessment report
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2.4.2. Pharmacokinetics

For vaccines, biopharmaceutics concerns the bioavailability of the vaccine components after
administration. In accordance with the CHMP “Guideline on Clinical Evaluation of New Vaccine
pharmacokinetic studies (including bioavailability and bioequivalence studies) are usually no ed for
vaccines.

2 4
The main characteristics of the in vivo behaviour of the live CYD dengue vaccine havxﬁ% evaluated
through assessment of vaccine viremia and shedding. These are also important en IfEs for the
evaluation of the safety profile of the vaccine. Vaccine viremia is defined as the gce of vaccine
viruses in the blood stream. Viremia and virus shedding were assessed usin same high sensitivity
approach, i.e. screening with non-serotype specific RT PCR followed by ser pecific identification
with CYD RT PCRs and/or plaque assay (PA) depending on the study.

Vaccine viremia @

Post-vaccination vaccine viremia was investigated in nonclinical and%me clinical studies as an
assessment of safety, but also as a measure of the bioavailabilit replicative ability of the vaccine
virus. Nonclinical studies showed that the predominant CYD s e inducing measurable and
reproducible viremia upon tetravalent CYD immunization w, 4, with measurable viremia due to
other serotypes rarely observed. This viremia was low f ing the first injection, and no viremia was
observed after the second dose. CYD-1 or CYD-3 vaca’qe\éins occasionally induced viremia, but only as

a monovalent or bivalent vaccine. Further details are provided in 2.6.2 Pharmacology Written Summary.

timepoints after each injection in some studie erally in a subset of subjects, with Plaque Assay
(CYDO04, CYDO5, CYD06, CYD10 and CYD and with quantitative RT-PCR (CYD04, CYDO5, CYDO6,
CYDO08, CYD10, CYD11, CYD12, CYD24, %, CYD17 and CYD33), in order to determine the timing,
peak and duration of viremia. These &ls are widely used within the field, since they are able to
detect and quantify vaccine viremig %ey are in accordance with WHO recommendations for
monitoring of vaccine viremia. As @ e Assay was not a validated assay, only results obtained with
quantitative RT-PCR were cons@.

During the clinical development of the CYD den L@ccine, vaccine viremia was assessed at several
g
n;:

An integrated analysis in subjects who received one or several injections of CYD dengue vaccine was

performed to summarize ified viremia, as the assays for the assessment of viremia were validated

at the level of quantitation. After a first injection of CYD dengue vaccine, few subjects (3.8%) across these

pooled studies had e’Xrotype—speciﬁc vaccine viremia as assessed by RT-PCR. The proportion of

subjects with me e non serotype-specific viremia decreased with subsequent injections. After the

second injectioé cCine viremia was less frequently observed than after the first injection, and almost
iden

no viremia w tified after the third injection.

.
Vaccine }\a appeared to have short duration after each CYD dengue vaccine injection; it generally
occurr nd D7 and never after D14. CYD-4 was the most frequently identified vaccine virus serotype
af irst injection of CYD dengue vaccine across studies.

ine viremia incidence was low whatever the dengue immune status at baseline and whatever the age
group. No safety concerns were associated with vaccine viremia.

Viral shedding
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The spread of the CYD viruses in the environment after vaccination depends on the occurrence of vaccine
virus shedding. To assess a possible shedding of CYD dengue vaccine virus in humans, urine and saliva
were selected since YF vaccine virus secretion in urine has been reported and wild-type dengue virus has
been detected in urine and saliva after infection. Virus shedding was explored in a small number of
subjects in one Phase I study (CYD04) and as a more systematic evaluation in a larger subset (9 bjects
receiving the CYD dengue vaccine) in the Phase III study CYD17. Flavivirus non-immune sub'mere
chosen as the presence of antibodies against flaviviruses can reduce the levels of vaccine v@a and
virus shedding. The methods of detection of flavivirus RNA by RT-PCR and NS1 antigen jn 69 and saliva

are very well documented and are acceptable.

Overall, the occurrence of vaccine virus shedding was rare, at low level and transi@he results in the
Phase I study CYDO04 indicated no vaccine virus shedding in the subset of 11 ngue vaccine and 5
control subjects that was assessed after the first injection. Data on virus she$

saliva by RT-PCR available from CYD17 showed that vaccine virus shedding
samples from 2 subjects at levels close to the lower limits of quantificati 0Qs). No
replication-competent viruses were identified in these samples. No safe@

viral RNA shedding. {
t

2.4.3. Pharmacodynamics @
e S;

ssessed in urine and
observed in urine

cerns were associated with

As for any vaccine in accordance with current vaccines que he pharmacodynamic profile for the
CYD dengue vaccine was defined by its immunogenicity in healthy subjects.

The principal targets for Ab response to wild-type dek&e virus infection in human are the prM and E
structural proteins and the non-structural NS1 progein. Ab response in both primary and secondary
dengue virus infections is predominantly directe @st E protein and in humans is highly cross-reactive
across serotypes and exhibit neutralizing activ@b to the prM protein can bind partial or immature
particles; they are highly cross-reactive exhibit a weak neutralizing capacity. NS1-specific Ab are
highly cross-reactive. Cell-mediated immf{ine“esponses as well as complement-dependent lysis of
infected cells are induced after infecti;& ild type dengue virus. The immunogenicity profile of the CYD

dengue vaccine was therefore ass
response.

Mechanism of action O

rough the measurement of humoral and cellular immune

Dengvaxia contains live at ated viruses. Following administration, the viruses replicate locally and
elicit neutralizing antNes and cell-mediated immune responses against the four dengue virus
serotypes.

Criteria for as %ent of humoral responses

No immung cerrelate of protection is currently established for dengue. The measurement of immune

response Naviviruses/ﬂavivirus vaccines has classically been assessed by determining the level of

neutralizﬁb, which has been correlated with protection against flavivirus diseases including YF and

Japankse gncephalitis (JE). Accordingly, functional neutralizing Ab titres were measured to assess dengue
Ctifg immunogenicity. In addition anti-NS1 IgG and total IgM/IgG were also measured.

PR assay

The plaque reduction neutralizing test (PRNT) is considered the most specific method for dengue vaccine
immunogenicity testing in line with WHO recommendation. The PRNT method applied by the Applicant
during early development was subsequently optimized and revalidated between Phase I and Phase II to
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align with current industry standards for assay validation; the optimized PRNT50 method was the core
immunologic assay for measuring functional antibodies able to inactivate and neutralize dengue virus
since it was utilized throughout Phase II and onwards through clinical development. The assay
methodology is in line with WHO recommendation, which is acceptable. Matched vaccine antigens have
been used within the assay. Inter-site assay variability has been avoided by centralizing the s ogy
assessment in the Applicant’s laboratory (for all studies that assessed the final formulation) %
implementing appropriate internal standards. The PRNT assay was also used to determine th@ence of
YF and JE antibodies in vaccinees. .

The principle is that functional antibodies are able to neutralise dengue virus. The as }easures the
amount of functional antibodies in human sera based on the number of foci induce@ an infectious
dengue challenge virus on cells. The reported value (end point neutralization tigﬁpresents the highest
dilution of serum at which =50% of dengue challenge virus (in foci counts) is&ﬁ lized when compared
to the mean viral foci count in virus control wells which represents the 10@ s load.

A dengue PRNT with a higher stringency (PRNT90) was used during eval to reanalyse blood samples
for post-hoc efficacy analyses by dengue immune status at baseline,, Using a more stringent assay may
likely lead to lower false positive rate resulting from Flaviviruses cro eactivity, but it would also run the
risk of a higher false negative rate. Serological cross-reactivity a st members of the Flaviviridae
family (Dengue (DENV), Yellow Fever (YF), West-Nile virus (W%}apanese Encephalitis virus (JEV) and
Tick borne encephalitis virus (TBEV)) is a well-known diagnestl blem. A PRNT50 titre may provide
more accurate results from the linear portion of the titratig rve, but it is inevitably more variable. For
these reasons, serological conversion (either using ﬁ ELISA) was not used as an endpoint to
determine if a subject was infected with Dengue, rather%an algorithm of virological confirmation using
Dengue RT-PCR and NS1 antigen ELISA were utili in the phase III studies as the specificity and
sensitivity were superior.

The following parameters were used to cha c&a the humoral immune response induced by the CYD
dengue vaccine:

e Geometric mean of titres (GM expressed in reciprocal of dilution (1/dil) for each serotype
e Geometric mean of titre rd MTRs) from baseline to post-vaccination for each serotype

e Seropositivity rate, d as the proportion of subjects with a neutralizing Ab titre =10 (1/dil).
This level also correspends to the lower limit of quantification (LLOQ) of the PRNT assay.
Seropositivity rate @ assessed for each serotype and cumulatively for at least one, two, three

and four sero&s.

e

Based on experienc!@w the CYD dengue vaccine in dengue endemic populations of different ages and

regions, GMT be e most important criteria for the dose assessment and for the assessment of the
L 4

effect of covarj n antibody response. As an analysis of covariates, levels of neutralizing Ab were also

assessed: s

l@s\eline JE/YF immune status defined as follows:

@ Immune: subjects with quantified (= 10 [1/dil], the LLOQ) neutralizing antibodies against JE
or YF in the baseline sample.

» Non-immune: subjects without quantified (< 10 [1/dil]) neutralizing antibodies against JE or
YF, depending on the region, in the baseline sample. For non-endemic regions, JE or YF were
not considered so baseline dengue/JE/YF status is also baseline dengue status.

e by baseline dengue immune status defined as follows:
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» Immune: subjects with quantified (= lower limit of quantitation [LLOQ]) neutralizing Ab
against at least one dengue serotype in the baseline sample.

» Non-immune: subjects without quantified (< LLOQ) neutralizing Ab against any of the four
dengue serotypes in the baseline sample.

The baseline dengue immune status became the covariate of interest in terms of immunogeni atus
at baseline. Q )

IgM/IgG ELISA assay 0\%

This assay was used to assess the serological profile of suspected dengue cases (see ints). However
it was considered as supportive and not used as a primary endpoint assay to de if a subject had
been infected with Dengue. This is due to the demonstrated cross-reactivity of ibodlies directed against
both the Dengue envelope and NS1 proteins with antibodies to other flavivi hich circulated in the
region or are part of routine vaccination programs, such as JEV, West Nil ika and Yellow Fever. As
described by recent articles, serological diagnosis has good sensitivity Mb%), but low specificity
(85.1%) compared to virological confirmation.

The IgG ELISA was performed using a commercially available kit@%principle of this kit is based upon
exposing sera to dengue Ags that are attached to the surface o ISA plate. Dengue specific IgG Abs
bound to the dengue Ags are detected by the addition of an a G MAb complexed to HRP, which
following addition of a substrate effects a colorimetric chal@wa is detected by the ELISA reader. The
IgM ELISA and IgG ELISA tests were to be applied to all s@l s from all dengue suspected cases from DO
until Vse, regardless of time of event after vaccination, eas for samples from Vse until the end of the
trial testing by IgM/IgG ELISA tests was not mand y. An anti-NS1 ELISA was also used to differentiate
between subjects infected by wt dengue and sub'@vaccinated in a post-hoc supplemental study (see
section 2.5.3). é

Assessment of cell mediated immun onses

The role of CMI in clearing natural fla%s infection is well established, but its implication in vaccination
and subsequent protection agains thBégen challenge in dengue is poorly understood.

In order to further characterize immune response induced by the CYD dengue vaccine and as
recommended in WHO and uidelines, cell-mediated immunity was assessed in some studies in
adolescents and adults in ic and non-endemic regions (studies CYD04, CYD10, CYD11 and CYD28).
Specific cytokines in upemants of purified peripheral blood mononuclear cells (PBMCs) stimulated in
vitro with live vaccinexach serotype were measured essentially by cytometric bead array (CBA) and by
measuring the freql@ of antigen-specific CD4 and CD8 cells by intracellular cytokine staining (ICS).
There was no .ev@e of increase in inflammatory responses after immunization with the CYD dengue
vaccine. Domi ce of the cellular response to serotype 4 was observed after first dose of the vaccine,
however the ésyonse was balanced against all four serotypes following 3 injections. These
serotypes Bﬁc T cell responses paralleled the neutralizing Ab responses measured by PRNT50 assay.
Regardi e cytokine profile, the vaccine induced a cellular response with a Th1/Tc1 profile wherein
intgrf Yy (IFN-y) dominates over tumor necrosis factor a (TNF-a) and Th2 cytokines including
kin-13 (IL-13).

2.4.4. Conclusion on clinical pharmacology

Adequate studies were performed to determine vaccine viremia and measuring of the immunogenicity of
the vaccine. These studies followed WHO recommendations. Vaccine viremia and vaccine shedding were
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found to be minimal, and therefore no specific precautions need to be taken with the vaccines and their
contacts.

No immune correlate of protection is currently established for dengue but based on current knowledge it
was considered adequate that immunogenicity assessment for CYD vaccine was based on neutralising
antibody titres. Neutralizing antibodies are known to be important for protection against JE andb The
use of a validated plaque reduction neutralization test (PRNT) to determine the immunogenij the
vaccine was considered adequate. PRNT90 is more specific than PRNT50 with regard to ) acting
antibodies against flaviviruses. The use of GMTs, GMTRs and seropositivity rates as th%x eters to
characterize the immune response induced by the vaccine is acceptable. {

2.5. Clinical efficacy \QO

scientific advice provided by EMA, FDA and several national regulatory auth@giti€s. Immunogenicity of the
vaccine was studied in 16 trials, three of which were carried out to dete clinical efficacy due to lack
of immunological correlate of protection for dengue: a proof of concept phase IIb study CYD23/57 and
two large pivotal phase III studies CYD14 and CYD15 that were i "gd in 2011. All 3 studies were
conducted in dengue endemic areas (Latin-America and Asia-P @and in total they recruited
approximately 35,000 subjects aged 2 to 16 years.

The CDP followed the WHO guidelines available at the time of initiating the :ﬁaﬂl trials as well as

During the application several submissions were received @ssessed based on different analyses at
different cut off points. Therefore, some of the data rd in this section are a mix of final and
intermediate results. \

2.5.1. Dose response studies O

A total of 5 Phase I studies (CYD0O1, CYD C&, CYDO05, CYDO06) and 3 Phase II studies (CYD10,
CYD11 and CYD12), conducted at the be%g of the clinical development, investigated different
vaccine potency, doses and time inter dministration leading to the selection of the final vaccine
formulation (~5 log10 CCID50 of s@totype) and the final vaccination schedule (3 injections given
6-month apart). The CYD dengue éne was initially developed in subjects from 2 years of age, thus the
choice of the formulation, sche d dosing interval was done to ensure that all subjects, dengue
immune or dengue non-imm baseline, had an immune response to all 4 dengue serotypes.

e CYDO1 assessed safet% immunogenicity of a single dose of monovalent chimeric dengue 2
vaccine containing,5 or gd1o plaque forming units [PFU], and showed that satisfactory immune
responses could 9Xﬁieved against serotype 2 but low seropositivity rates to the other 3 serotypes
(in YF non-im @ubjects), confirming the need of a tetravalent vaccine.

e CYDO2: te’ tetravalent formulation with 4 log10 CCID50 per serotype (2 doses given at 5 to 9
monthyinterval) induced moderate but unbalanced Ab levels against the four serotypes.

D

e CYD sted a tetravalent formulation with 5 log10 CCID50 per serotype (3 doses), showing
s@ ory safety and immunogenicity profiles in FV non-immune adults. See below.

05 and CYDO06: tested a tetravalent formulation as above in different age groups (2 to 45 years)

nd FV backgrounds. Immunogenicity responses was achieved against all four serotypes but varied

due to age, baseline status, region, ranging from 39.1% (CYDO04, FV non-immune adults) to 85.0%
(CYDO5, FV immune adults, adolescents, and children).
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e CYD11 tested the use of sequential or simultaneous bivalent formulations, which did not improve the
immune response compared to the tetravalent formulation.

e In CYD12, the immunogenicity of 3 vaccine formulations was assessed: 5555 (5 log10 for each of the
4 serotypes), 5553 (5 log10 for serotypes 1, 2, and 3 and 3 log10 for serotype 4), and 4444,(4 log10
for each of the 4 serotypes). The 5553 formulation was intended to improve the immune re e by
taking into account the immunodominance of serotype 4 observed in previous studies. Q[ 55
formulation showed a trend toward higher seropositivity rates to the 4 serotypes aftert hird
injection (62.9%), compared to the other formulations. The different vaccine formt %s showed
that different concentrations of a given serotype can impact the immune responsg,to the other
serotypes.

e CYD10 was an immunogenicity and safety study in 18-45YOA with a singl sé& of the 5555
formulation. CMI was assessed in this study, in addition to studies CYD: , 11 and CYD28.

Ts and seropositivity
ed only after 3 doses of CYD
dengue vaccine (CYD04). A stepwise increase in seropositivity rates@:inst each serotype was observed
at each dose of the 3-dose schedule at 0, 3-4, and 12 months. robust immune response was
observed in children, and a potential priming effect was obser owing administration of YF vaccine
(CYDO06). Overall subjects from non-endemic areas (and ther ssumed to be mainly dengue
seronegative at baseline) who received three doses of vac€ine¥esponded poorly in terms of GMT titres
and percentage of subjects who seroconverted to all 4 @u serotypes. These subjects reached lower
GMTs than those from endemic areas, which was also r

In non-endemic populations, an immune response based on anti-dengugaf
rates [Ab titer = 10 1/dilution (dil)] against all 4 dengue serotypes was -@

ved in other Phase II and III trials.

In endemic populations, an immune response ag@all 4 dengue serotypes was also observed after 3
doses of CYD dengue vaccine (CYDO05). A simil wise increase in seropositivity rates against each
serotype with higher GMTs in people previous@aosed to wild type dengue was observed. Moreover,
two doses administered over a longer intefal (at 0 and 8-9 months) in people previously exposed to WT
dengue induced a similar immune respoéejs that of the 3-dose schedule.

The final formulation (5555 with @CCIDSO per serotype) induced the highest levels of GMTs and
also the highest rates of seropositi tes (62.9% of subjects were seropositive to the 4 serotypes after

the third injection). Based on ti@ sults, further clinical development for the endemic indication was
based on the 5 log10 CCIDS% erotype, with the exception of 2 studies that evaluated
bivalent/tetravalent blendi engue vaccines (CYD11) and differing concentrations per serotype with
a0, 6, and 12-month sche (CYD12) (i.e. contributing to dose-ranging). Further, the 3-dose schedule
(0, 3-4, and 12 month nd 2-dose schedule (0 and 8-9 months) were adapted to adjust for the higher
immunogenicity tha@urred when Dose 2 was delayed, balanced by providing protection as soon as

possible. Q
L 4

Thus the 5 IoﬁOJ\CIDSO dosage and the 3-dose schedule (0, 6, and 12 months) were selected for
o
e

subsequ L& IT and Phase III trials for the endemic country indication (except Study CYD11).
Late P I Studies
Ba safety and immunogenicity results from the above-mentioned studies, 5 additional Phase II

es (CYD13, CYD22, CYD24, CYD28, CYD30) were performed in different endemic countries in AP and
Lat to further evaluate the safety and immunogenicity of the CYD dengue vaccine in different
populations (i.e. by age, baseline JE or YF vaccination status, region) following 3 injections of the final
formulation administered 6 months apart. A proof-of-concept efficacy study (Phase IIb) was then
conducted in Thailand (CYD23) in children aged 4 to 11 years, for whom a safety follow-up was done
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(CYD57). An additional Phase II study was performed in India (CYD47) to assess safety and
immunogenicity of the CYD dengue vaccine in Indian subjects 18-45YOA, as required by local Authorities
for registration. Some of these studies are further discussed in the following sections.

administration of CYD dengue vaccine together with measles/mumps/rubella (MMR) vaccine i

below 2 years of age. @
2.5.2. Main studies 0\%

There is currently no vaccine authorised in Europe to protect against dengue and ré?elate of
protection (CoP) yet identified. Therefore the development of a tetravalent de cine required
generating efficacy data in a dengue endemic population at risk of infectionKJ se viruses.

A proof-of-concept co-administration Phase II study (CYD08) was also conducted to evaluate the co
r%ylers

The clinical development of the CYD dengue vaccine contains 3 studies evaluating the efficacy of the
vaccine to protect against symptomatic dengue disease. As recommen im*the CHMP and WHO
Guidelines, a proof of concept supportive Phase IIb efficacy study (CYDmn Thailand was performed,
followed by 2 large-scale pivotal Phase III efficacy studies (CYD14 Q‘CYDls) in different regions (AP
and LatAm, respectively) and in numerous countries. As per the V@g ideline each one of the 3 efficacy
studies was statistically powered for the primary efficacy end ,1.e. prevention of occurrence of
symptomatic virologically confirmed dengue (VCD) cases d Qv serotypes 28 days after the third
injection, regardless of severity. The Phase IIb study was igned to provide a proof of efficacy in one
centre from one particular country, while the aim of =®. se III program was to provide confirmatory
efficacy data in various dengue epidemiology setting&sia and LatAm. Each Phase III efficacy study
was therefore designed to generate data in a partj r region in terms of endemicity and age group. All
3 studies were conducted using the final formulati f the CYD dengue vaccine administered 6 months
apart. Efficacy was also assessed after each ir@n and per serotype, and against severe VCD cases,
either according to WHO grading or accordihg to the assessment of the Independent Data Monitoring
Committee (IDMC), and against hospital@[D cases.

This section summarizes the meth d@and efficacy data obtained in preventing the occurrence of VCD
cases in individual studies CYD23, 4 and CYD15. Integrated and meta-analysis of combined data
from CYD14 and CYD15 were ev to support the results of individual studies and/or to provide more
precision for some endpoints categories of VCD cases or some covariates, as well as sensitivity
analysis on all efficacy dat {

The choice of the stu co&es and sites for the phase III trials was based on national surveillance data
and available data fr&idemiological studies showing that these countries were highly endemic ad
have had evidence o% serotypes circulating. The choice was confirmed by the results of 2 prospective,
active fever syrvelllance, cohort studies conducted by the Applicant prior to the initiation of the studies in
Latin Americ Bﬁ I, Colombia, Honduras, Puerto Rico and Mexico) and Asia (Indonesia, Malaysia,
Philippines, 1tj€nd and Vietnam). These data provided an estimate of the dengue attack rate in the
pulation (3.4% of VCD cases in AP and 1.2% of VCD in LatAm) and trained the sites in
ctive surveillance of symptomatic dengue cases in school settings or through direct contact
jécts and families.
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Study titles and design

CYD23: Efficacy and Safety of Dengue Vaccine in Healthy Children Aged 4 to 11 Years in
Thailand.

Study design CYD23

CYD23 was a randomized, blind-observer, controlled Phase IIb study conducted in 1 centrei nd. A
two-step approach to enrolment in 2 cohorts was performed for safety purposes. In total healthy
children (4 to 11 years) were randomized into 2 groups: 2668 subjects were to receiv%@ctions, 6
months apart, of the CYD dengue vaccine and 1334 subjects were to receive either o@yn ection of a

rabies vaccine (Verorab) followed by 2 injections of a placebo at 6 and 12 months ildren) or 3
injections, 6 months apart, of a placebo (1284 children). Long-term follow-u ety and hospitalized

dengue cases was evaluated through the extension CYD57 Study. &

CYD14: Efficacy and Safety of a Novel Tetravalent Dengue Vaccinei althy Children Aged 2
to 14 years in Asia. @

Study Design CYD14 {

This was a Phase III efficacy trial with a randomized, observer—b@placebo—controlled, multicentre
design in 11 sites in 5 different countries in Asia. A total of 1(@:hildren aged 2 to 14 years were
enrolled into the trial to receive 3 injections at 0, 6, and 12 nd to be randomized in a 2 to 1 ratio
so that 6,852 subjects would receive CYD dengue vacci 3,426 would receive a placebo.

e Subsets CYD14 \

A subset of subjects from each country were evaI@d for reactogenicity and immunogenicity to enable
the generation of country-specific data on rea city, immunogenicity, and baseline dengue and
Japanese encephalitis (JE) antibody (Ab) levelsNgubjects were randomized to the subset during the first
2 months of enrolment in each country. ween 300 and 600 subjects were targeted to be enrolled in
each participating country, to a total of 2{00Q subjects (1,333 in the CYD Dengue Vaccine Group and 667

in the Control Group). 0
:: L

CYD15: Efficacy and Safety of el Tetravalent Dengue Vaccine in Healthy Children and
Adolescents Aged 9 to 16 ye@ atin America.

Study Design CYD15

This is a Phase III efficacy with a randomized, observer-blind, placebo-controlled, multicentre design
in 22 sites across 5 coimtries in Latin America. Children and adolescents aged 9 to 16 years received 3
vaccinations at 0, 6@ 12 months and were randomized in a 2 to 1 ratio so that 13,917 subjects were
to receive CYD. d@e vaccine and 6,958 were to receive a placebo.

Y

e Subg€ts€YD15

L 4
A subset ?bbjects from each country was evaluated for reactogenicity and immunogenicity to enable

the gene n of country-specific data on reactogenicity, immunogenicity, and baseline dengue and YF
Able he immunogenicity and reactogenicity subset included a total of 2,000 subjects (1,334 in the
ngue Vaccine Group and 666 in the Control Group).

Methods

With the aim of evaluating the protective effect of CYD dengue vaccine (~5 log;o CCIDsq of each
serotype), one group of subjects received three doses of the CYD dengue vaccine and the other group
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received 3 doses of placebo. Placebo injections consisted of NaCl 0.9%. Both vaccine and placebo were
injected via the subcutaneous route. A vaccination schedule of 0, 6, and 12 months was chosen based on
Phase I and Phase II trial results, to optimize the immune response of the dengue vaccine after the
second and third injections. The period from the first injection (VO1) to 28 days after the third injection
(V06) was defined as the vaccination period.

The observer-blind design was chosen since the products had different aspects and could b nized.
The person who performed vaccinations knew which product had been administered whil ither the

subject nor the Investigator in charge of safety evaluation, nor the Sponsor, nor the paf %
subjects did know which product had been injected. The “vaccinator” was in charge ekyaring and
administering the products and had to ensure that the documents on randomizati@re stored in a

secure place where only he/she had access. Q
The design of the control group was based on the need to maintain the innf&mmimize any potential

uardians of

bias in the evaluation of the primary objective of the study (i.e., efficacy ewaluation). The placebo had to
use the same route (subcutaneous [SC]) and the same schedule as th y vaccine (0, 6, and 12
months) otherwise the study could be de facto unblinded.

Case ascertainment in CYD14/CYD15 studies was performed in 2@&95 (see Figure 5):

1. The “Active Phase” lasted from injection 1 until 13 m%following the third injection, and two
endpoint were studied: i) symptomatic virologically, ed dengue cases regardless of
severity, occurring more than 28 days after com ion of the vaccination schedule (primary
objective), and ii) severe dengue and hospit@engue. It was expected that the number of
symptomatic VCD cases in a 12-month period sufficient to demonstrate efficacy. As this
period began after 28 days after Dose 3, @ctive Phase of dengue surveillance continued for
each subject until 13 months after Dos tive surveillance was utilised during this phase and
it was designed to maximize the detec@f all potential symptomatic dengue cases. It included
weekly contacts with subjects or ject’s parent(s) by phone calls/SMS or home visits, and
school absenteeism surveillance@ purpose of this contact was to provide a reminder to
parents to take the child to t@a centre or health care centre in the event of febrile illness.
Passive (spontaneous conﬁ' n) detection of febrile episodes was also implemented. Two
blood samples (acute an alescent) were to be taken to confirm the dengue case in the event

of any acute febrileiill ring the Active Phase. The first blood sample (acute) was to be taken
throughout the trial ing the acute phase of the disease, as soon as possible (within 5 days in
CYD14/CYD15 an in 7 days in CYD23) after the onset of fever. The second blood sample

(convalescenh{s tovbe taken between 7 and 14 days after the acute sample. Acute samples
virological confirmation of dengue cases (see primary endpoint).

were used fy&
This pha ed from 08 June 2011 to 03 April 2014 (ca. 25 months per subject).
L 4

2. The “@ital Phase” was a long term follow-up period of semi-active/passive surveillance for 4
er the end of the Active Phase (i.e. 5 years after the last injection) to collect
a"ﬁalized dengue cases (severe and non-severe). In January 2015, CYD14 and CYD15
@ ocols were amended to maximize the detection of all symptomatic dengue cases during the
ng-term follow-up and to provide additional information on long-term efficacy of the CYD
dengue vaccine. The process of reconsenting the subjects to an active surveillance system
(surveillance expansion phase [SEP]) was started in at least one site by May 2015 in CYD15 and
by June 2015 in CYD14. The SEP was fully implemented in all trials of CYD14 and CYD15 in June
2016 with almost 80% of participants in CYD15 and about 90% of participants in CYD14 accepting
participation in the SEP. During the Hospital Phase, participants were to attend yearly visits, and
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establish at least =1 contact every 3 months, by phone, short messages services (SMS) or home
visit. Subjects could also present to and/or contact the Investigators at any time. Hospitalization
for acute fever was recorded during study contacts and visits, and through self-reporting and
surveillance of identified non-study hospitals. Acute and convalescent samples were to be taken
in the event of hospitalized acute febrile illness during the Hospital Phase until the Surygillance
Expansion visit, when the subject was to consent or decline to enter the SEP. Subjec s@

declined to participate were to continue surveillance and acute/convalescent sampli til trial
completion (up to 60 months post-injection 3). Subjects that consented to take in the SEP
were to be actively followed for dengue case detection similarly as during the N Phase. As

such, active surveillance is mimicking that of the Active Phase. However, b ampling

triggered by identified febrile ilinesses during the SEP is encompassing onl lection of acute
samples. This phase lasted from 15 March 2012 to 04 March 2015 (@onths per subject).

3. Extension phase (2015 - 2018): the surveillance expansion phase completed towards the
end of the evaluation procedure, thus the final data will be asse ost-approval.

Figure 5: Outline of CYD14 and CYD15 trial design and important elines

ACTIVE PHASE HOSPITAL PHASE (HP ng-Term Follow-Up for safety)
Surveillance of febrile cases hospitalized or not Surveillance rile ‘hospitalized cases only
Detection of confirmed dengue cases Detecti irmed dengue cases
0 6 1213 24 25 E D

Months | L)

] |
1 Y1 HP 1 SEP 1 Y3 HP/SEP 1 Y4 HP/SEP
Injections ‘57 | : :
{ \

CYD group SURVEILLANCE EXPANSION PHASE (SEP)

1
1

or 0 Expansion of the Active Phase

Control (placebo)

Surveillance of febrile cases hospitalized or not.

group
Detection of confirmed dengue cases

l
l
l
l
I

(2:1) |
: Per Protocol
I
I

|

|

|

|

|

|

|

|

1~
Vaccine Ef-ficacy:

1

1

1

T

® 1

i Vaccine Ef-ficacy: Intention to treat

1
: Safety analysis::safety analysis set

E 1 1
) Y1 Ab Y2 Ab i Y3 Ab 1 Y4 Ab 1 Y5 Ab
| Antibody Fersistence analysis: :immunogenicity analy%;is set

e

|
N
@J : Year 3 I Year 4 I Year 5 I Year 6

°-

Years of
the study

.__L__l__l_________________

’L
]
Year 1 | i i i

Data presented in this se@cover the Active Phase and the first year of the Hospital Phase (i.e., from
13 months to 25 morwﬁte the third injection).

CYD23 was initially @ed as an efficacy and safety study performed in 2 phases:

o The“Adti hase” lasted from the start of the trial to 13 months after the third injection, and two
en‘dp ints'were studied: i) Symptomatic VCD cases, and ii) severe dengue. 05 February 2009
(i &tf

. Passive Phase” was intended as a long term immunogenicity and safety follow-up period

signed for a period of 3 years after the end of the Active Phase. However, following a request

from a Public Health Authority, the CYD23 study was stopped at the beginning of the Passive
Phase. All subjects included in CYD23 study were asked to take part in a separate long-term
follow-up study (CYD57 study), which investigated hospitalized dengue and safety follow-up up
to 4 years after the end of the Active Phase (i.e. including a retrospective data collection from the
end of the Active Phase of CYD23 until the CYD57 study start and a prospective data collection
from CYD57 study start until the end of the CYD57 study).

ist subject) - 22 March 2012 (end of Active phase)
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Blood sampling for immunogenicity

In study CYD23, baseline antibody titres were evaluated in blood samples obtained from 300 study
subjects (non-randomly selected).

In CYD14 and CYD15, only a random subset of subjects provided a pre-vaccination sample (2 and
10% of subjects, respectively). These subjects were designated as the “immunogenicity subse
Subjects in the 3 studies were to receive vaccine or placebo injections at enrolment, M6, a 2. All
subjects were to provide a blood sample approximately 28 days after the third injectign, ugh this
sample was tested only in a subset of participants (those in the immunogenicity subset ose subjects
developing VCD during follow-up). The purpose of this sample was to have a post- ﬂation specimen
in subjects who later developed confirmed dengue as part of the assessment of t @tionship between
neutralizing Ab levels and VE. Therefore, it was tested against each of the fou réntal dengue virus
strains of CYD dengue vaccine among subjects who later developed virologib onfirmed dengue
infection.

Study Participants @

Trial CYD23 included subjects aged 4 years to 11 years of age. TQ%’DM enrolled healthy children
i ippines, and Vietnam. Healthy

2-14YOA from endemic regions of Thailand, Malaysia, Indone
children and adolescents aged 9 to 16 years living in endem'c%ue regions of Latin America were

enrolled in CYD15 (Brazil (5 sites), Colombia (9 sites), Hond@ras¥(1 site), Mexico (5 sites), and Puerto Rico
(2 sites)). The age ranges selected for enrolment corres@jed to the ages with the highest incidence of
clinical dengue reflecting the epidemiological situation ountry or region at the time of the study

conduct.
The criteria for inclusion and exclusion in the tQ\;e described below:
e Diagnosis and main criteria for i sion (CYD14 study and CYD15):

1. Aged 2 to 14 years (CYDL4 study), and Aged 9 to 16 years (CYD15 study), and aged 4 to
11 years (CYD23) on,th&yday of inclusion and resident of the site zone;

2. Subject in good h based on medical history and physical examination;

3. Assent form o med consent form has been signed and dated by the subject (based
on local re &ons), and informed consent form has been signed and dated by the
parent(s)Qother legally acceptable representative (and by an independent witness if

requiwy I0eal regulations);

4. Sub@ble to attend all scheduled visits and to comply with all trial procedures.

dies, and with minor modifications also applied to study CYD23):

. Subjegt@) met any of the following main exclusion criteria were not included (CYD14 and

CY
.
Y\ Subject is pregnant, or lactating, or of childbearing potential (to be considered of
@ non-childbearing potential, a female must be pre-menarche, surgically sterile, or using an

effective method of contraception or abstinence from at least 4 weeks prior to the first
vaccination until at least 4 weeks after the last vaccination);

2. Participation in another clinical trial investigating a vaccine, drug, medical device, or a
medical procedure in the 4 weeks preceding the first trial vaccination;

3. Planned participation in another clinical trial during the present trial period;
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4. Self-reported or suspected congenital or acquired immunodeficiency; or receipt of
immunosuppressive therapy such as anti-cancer chemotherapy or radiation therapy
within the preceding 6 months; or long-term systemic corticosteroids therapy
(prednisone or equivalent for more than 2 consecutive weeks within the past 3 months);

5. Self-reported seropositivity for Human Immunodeficiency Virus (HIV) infectiorb

6. Self-reported systemic hypersensitivity to any of the vaccine components, o@ory of a
life-threatening reaction to the vaccine used in the trial or to a vaccine,coé?ﬂing any of
the same substances;

7. Chronic illness that, in the opinion of the Investigator, is at a stag@ere it might
interfere with trial conduct or completion;

8. Receipt of blood or blood-derived products in the past 3 mo%gwhich might interfere
with assessment of the immune response; é

9. Planned receipt of any vaccine in the 4 weeks following trial vaccination.

In phase I and Phase II studies, personal or family history of thimicﬂ(lthology (thymoma), thymectomy,
or myasthenia were exclusion criteria due a risk factor described{fér yviscerotropism (for YF vaccines).
Since no safety concerns were shown, these exclusion criteria not included in Phase III studies and
are not therefore considered to be a contraindication for C e vaccine.

All subjects were asked whether they had a history of ch ination or infection or dengue infection.
However, baseline serostatus was only determined in munogenicity and reactogenicity subset.

Objectives O
Primary Objective Q

To assess the efficacy of the CYD dengu &dne after 3 injections administered 6 months apart in
preventing the occurrence of symptom ologically-confirmed dengue (VCD) cases, regardless of the
severity, due to any of the 4 serot i children 2-14YOA in study CYD14 and in children 9-16YOA in
study CYD15. 6

The assessment period exten m 28 days after the third injection to the end of the Active Phase (i.e.
dengue surveillance contin or each subject until 13 months post-dose 3 (PD3 period)).

Secondary Objectives

ALL SUBJECTS (N=® for CYD14 and N=20,875 for CYD15):

Efficacy dliri Active Phase:

1. To deécribe the efficacy of CYD dengue vaccine in preventing symptomatic VCD cases after the
i‘ e to the end of the Active Phase: a. due to at least 3 serotypes; b. due to each of the 4
2:}/pes.

. describe the efficacy of CYD dengue vaccine in preventing symptomatic VCD cases after at
least 1 dose: a. due to any of the 4 serotypes, b. due to at least 3 serotypes, c. due to each of the
4 serotypes.

3. To describe the efficacy of CYD dengue vaccine in preventing symptomatic VCD cases after 2
doses: a. due to any of the 4 serotypes, b. due to at least 3 serotypes, c. due to each of the 4
serotypes.
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Safety:

4. To describe the occurrence of SAEs, including serious adverse events of special interest (AESIs),
in all subjects throughout the trial period.

5. To describe the occurrence of hospitalized virologically-confirmed dengue cases and th
occurrence of severe (clinically-severe or as per WHO criteria) VCD cases, throughoui

Surveillance Expansion period (SEP) and throughout the trial (from DO until the end e trial).

Immunogenicity {

6. To describe the Ab response to each dengue serotype after Dose 2, a@; ,and 1, 2, 3,4

and 5 years after Dose 3. &

IMMUNOGENICITY AND REACTOGENICITY SUBSET (N=2,000 for each study): '\
e3

Reactogenicity 0
7. To describe the reactogenicity of CYD dengue vaccine after eac e.
Other Objectives {

Detection of dengue cases during the Active Phase @
1. To describe the efficacy of CYD dengue vaccine in %‘xg VCD that meets WHO criteria for
DHF, due to any of the 4 serotypes after each d

2. To describe the efficacy of CYD dengue vach reventing clinically-severe VCD cases due to
any of the 4 serotypes after each dose.

3. To describe the incidence of hospitaliz cases due to each or any of the 4 serotypes.

4. To describe the efficacy of CYD de e vaccine in preventing symptomatic VCD cases due to each
or any of the 4 serotypes betwee(J dose.

Detection of dengue cases during the ital phase/Surveillance Expansion period

5. To describe the efficacy off dengue vaccine in preventing symptomatic VCD cases,
hospitalized cases and @ cases, due to each or any of the 4 serotypes after at least 1 dose.

6. To assess the risk fa&s associated with hospitalization and severity of VCD cases.

Serological profile of suspe dengue cases

7. To describe \rological profile of suspected dengue cases from DO until the Surveillance
Expansiongpe visit (Vse).

L 4
Dengue virem':a
8. ’GR e the wild-type (WT) dengue strain viremia level in acute samples of VCD cases.

Relatio etween neutralizing Ab level and vaccine efficacy

describe the relationship between post-Dose 3 neutralizing Ab level and the subsequent
occurrence of symptomatic dengue cases.

10. To describe the relationship between neutralizing Ab level at the time of SEP and the subsequent
occurrence of symptomatic dengue cases of any severity, hospitalized, or severe VCD cases,
during the SEP.
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Medical and non-medical resource utilization related to dengue disease

11. To describe the level of medical and non-medical resource utilization linked to hospitalized and
ambulatory confirmed dengue cases (first 25 months).

Relationship between Dengue and Zika (only for study CYD15)

12. To determine the occurrence of virologically confirmed Zika cases in febrile cases r from
start of 2013 (retrospectively) until the end of the trial, as a differential diagnosig#fo ngue
infection. ¢

13. To describe the clinical manifestations of Zika disease according to treatmen6 p (CYD Dengue
Vaccine or Control group), by Zika virus clade and overall.

14. To describe the antibody responses to dengue and Zika in blood sam &n in defined periods
targeting prior to the first serologically-confirmed Zika cases repo@national surveillance
systems and after the peak incidence of observed Zika cases or end of the trial if the
epidemic is still on-going.

Exploratory analyses performed: Time-to-Event Analysis, Subgroup¥Analyses by age, country, baseline
status, other covariates and covariates adjustment, description linical signs and symptoms of VCD

cases. q
Overall the objectives are in line with the WHO recommendati or the clinical development of dengue

vaccines. Serious dengue disease was a secondary safet oint in the overall population of the pivotal
trials, but in the immunogenicity subset clinical analy s only exploratory due to the limited sample
size. O

CYD23 objectives

The primary objective was to assess the eff 'cagthe CYD dengue vaccine after 3 injections in
preventing the occurrence of symptoma *GD cases. Part of the secondary objectives was to evaluate
the safety (reactogenicity in a subset ifEs in all subjects) and the humoral immune response to the
CYD dengue vaccine after each injectign Jjh a subset of subjects. Persistence of Ab levels was also
evaluated up to 1 year after the t injection in the immunogenicity subset. Long-term follow-up of
safety and hospitalized dengue@ was evaluated through CYD57 Study.

Endpoints {

Primary endpoint \ 2

The primary endpoi YD14, CYD15 and CYD23 was symptomatic VCD cases occurring > 28 days after
Dose 3 (during thtive Phase) and defined as an acute febrile illness (i.e. temperature = 38°C on at
least 2 conse ﬁ*e ays) virologically-confirmed by dengue RT-PCR and/or dengue NS1 ELISA Ag test.

Charact ‘s& of suspected cases was carried out by testing of the acute blood sample, and included

dengue tructural protein (NS) 1 antigen (Ag) ELISA, dengue screen (DS) RT-PCR, dengue serotype
specifj -PCR (Simplexa), haematocrit, platelet count, aspartate aminotransferase (AST) and alanine
tra ase (ALT). Dengue immunoglobulin (Ig) M/IgG ELISA was also performed in acute samples.

ng of the convalescent blood sample included dengue IgM/IgG ELISA, haematocrit, platelet count,
AST and ALT.

The endpoints used in each individual study were used in the integrated efficacy analysis (IEA).
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Secondary endpoints

1. Incidence of symptomatic VCD cases occurring > 28 days after Dose 3 to the end of the Active
Phase due to at least 3 serotypes and due to each of the 4 serotypes

2. Incidence of symptomatic VCD cases after at least 1 dose due to any of the 4 serotypes, 8ue to at
least 3 serotypes, due to each of the 4 serotypes (i.e. efficacy 28 days after Dose 1 i d
dengue cases from > 28 days after Dose 1 until the end of the Active Phase)

3. Incidence of symptomatic VCD cases after 2 doses due to any of the 4 serotypé\% to at least
3 serotypes, due to each of the 4 serotypes

4. Reactogenicity and safety endpoints of subjects (refer to section 2.6) O

5. Blood samples had to be collected from a subset of subjects (immuno@subset) and from all
subjects at M13. For subjects in the immunogenicity subset (humoradhj unity), the following
assays were planned at specified time points: Neutralizing Ab lev nst each of the 4 parental
dengue virus strains of CYD dengue vaccine constructs (and po@élly against recently isolated
strains) at baseline, after Dose 2, after Dose 3, and 1, 2, 3~thd 5 years after Dose 3 (dengue
neutralization assay). Likewise, neutralizing Ab level was@ easured on samples obtained at
the time of consenting to the SEP. In addition, baselin alizing Abs against JE or YF was
described depending on the study. Q

Other endpoints Q

1. Dengue cases during the Active Phase were ta}\Qo account if they occurred more than 28 days
after respective vaccination. For example, gfficacy 28 days after Dose 1 included dengue cases
from > 28 days after Dose 1 until the en he Active Phase.

2. The Surveillance Expansion Period Endpajnt consisted of symptomatic VCD, hospitalized VCD
cases and severe (clinically sever%s per WHO criteria) VCD cases observed during the SEP.

3. Serological Profile of Suspecte gpﬁue Cases Endpoint: the serological profile of suspected
dengue cases was based d IgM ELISA results.

4. Viremia Endpoint: WT de train viremia level was measured in acute samples by quantitative
DS RT-PCR.

5. Neutralizing Ab le &inst each of the 4 parental dengue virus strains of CYD dengue vaccine
constructs were m red after the third injection and after the Vse at least, in the
immunogeni Nd reactogenicity subset, and in the subjects with a confirmed dengue infection.
These neutr@g Ab titres were used to explore a potential predictive threshold or any correlate
of risk’a;@ ed with the observed vaccine efficacy in the trial.

As for the prifharywendpoint, the other endpoints used in each individual study were used in the IEA.
L 4

For t ition of symptomatic VCD refer to the primary endpoint.

inition of dengue haemorrhagic fever (DHF) grade I, II, III, and IV was consistent with the 1997
definition.

For ascertaining severe dengue cases according to the IDMC criteria, the Investigator had to consider the
following potential manifestations of severity in all virologically-confirmed dengue cases and all dengue
cases were reviewed by the IDMC who ensured consistent application of the term severe. The IDMC
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Definition of Severe Dengue Fever (December 15, 2010) is: proven Dengue Fever (two days fever +
virological confirmation) plus one of the following criteria:

e Platelet count <100 000 ul and bleeding (tourniquet, petechiae or any bleeding) plus plasma
leakage (effusion on chest x-ray or clinically apparent ascites including imaging procedures or
haematocrit 220% above baseline recovery level or standard for age if only one readi

e Shock (pulse pressure <20 mmHg in a child, or hypotension [£90 mmHg] with tach @a, weak
pulse and poor perfusion) é

2 4
e Bleeding requiring blood transfusion {\

e Encephalopathy i.e. unconsciousness or poor conscious state or convulsi Qt attributable to
simple febrile convulsion, as defined in the guidelines for definition and¥golléction of febrile
convulsions, or focal neurological signs. Poor conscious state or unc ipusness must be
supported by Glasgow Coma Scale (GCS) score é

e Liver impairment (AST >1000 U/L or prothrombin time [PT] Int@onal normalized ratio [INR]
>1.5)

e Impaired kidney function (Serum creatinine >1.5 mg/dL@

e Myocarditis, pericarditis or heart failure (clinical heart e) supported by chest X-ray (CXR),
echocardiography, electrocardiogram (ECG) or cardiacenzymes where these are available.

For criteria 2 to 7 it was essential to check for co-mog‘l . The presence of these did not exclude the
case from being classified as severe. This definition appli€d to the cases reviewed by the IDMC. Cases with
obvious other causes for the criteria were review a case by case basis.

Ascertainment of VCD cases Q

Surveillance methods aimed at detecting @€ute febrile iliness (i.e. temperature =38°C on at least 2
consecutive days) considered as suspectgd dengue episode during the Active Phase or hospitalized acute
febrile illness during the Hospital PhaseNDuring the Active Phase, subjects were very regularly and
actively followed up in order to mm the detection of febrile and dengue episodes. During the
Hospital Phase, subjects were fo up less actively and reporting was targeted on hospitalization.
Dengue screening occurred in @ subjects who required hospitalization. Regular contacts (e.g., phone
calls, SMS, home visits, and ﬁool based surveillance) were scheduled during the Active phase, i.e.
parents were reminded to @« their child to the trial centre or health care centre in the event of acute
febrile illness. There was an initial minimum frequency of one contact every week. Later on, the frequency
could be changed. T hod and frequency of contact could differ at each site and were detailed in the
site-specific annexes.\RuUring the Hospital phase, this contact occurred at least every 3 months in addition
surveillance oﬁ@ed non-study healthcare sites.

Assessment methods for Virologically-confirmed (hospitalized) dengue cases

In the e@p acute febrile illness (i.e. temperature =38°C on at least 2 consecutive days), two blood
samp to be collected.

t blood sample had to be taken as soon as possible within 5 days of the onset of fever. Protocol
magdatory testing included dengue immunoglobulin (Ig) M/IgG enzyme-linked immunosorbent assay
(ELISA), dengue non-structural protein (NS) 1 ELISA antigen (Ag), dengue screen (DS) reverse
transcriptase-polymerase chain reaction (RT-PCR), dengue serotype specific RT-PCR, haematocrit,
platelet count, aspartate aminotransferase (AST) and alanine transaminase (ALT).
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The second blood sample had to be taken during the convalescent phase of the disease (i.e. between 7
and 14 days after the acute sample). Testing had to include dengue IgM/IgG ELISA, haematocrit, platelet
count, AST and ALT.

Similar methods had to be applied during the Hospital Phase for all acute hospitalized febrile c2ses.

Assessment methods related to the two endpoints ‘severe dengue’:

Based on the Investigator's judgment and on local standard of care, the Investigator per r@ key
investigations using the list of characteristics predefined to identify severe cases of def} %ﬁ all cases,
haematocrit, platelet count, AST, ALT and a tourniquet test had to be performed. Ho x if a subject
presented with other clinical signs of haemorrhage, the tourniquet test was not man date ry For suspected
dengue cases hospitalized in a non-study healthcare site, the Investigator ha sure that these key
biological parameters had been checked.

Sample size 0

In CYD14 study a total of 10,278 subjects were to be enrolled: 6852,subjécts were to be included in the
CYD Dengue Vaccine Group and 3426 subjects were to be |nclude:{che Control Group.

d: 13,917 subjects were to be

In CYD15 study a total of 20,875 subjects were planned to be
Qe Control Group.

included in the CYD Dengue Vaccine Group and 6958 subjé

A subset of 2,000 subjects in each study (1,333 in the \6 group and 667 in the control group) was

evaluated for reactogenicity and immunogenicity.

Assuming an alpha=2.5% (one-sided hypothesis) early incidence of symptomatic
virologically-confirmed dengue cases of 1.3% for @4 and 0.64% for CYD15, an overall drop-out from
the PPSE set of 20%, and a true VE of 70% a se 3, a total of 57 confirmed-dengue cases was
expected during the 12-month active foll p and this provides > 90% power to show a significant
efficacy (lower bound of the 95% CI > %Ismg the exact method. In addition, the Applicant also
considered that VE may have been 30 he first dose and 50% after the second dose of CYD dengue
vaccine.

The overall VE expected on the Qlyss set for efficacy (FASE) population (with at least one dose of
CYD dengue vaccine) at the e he active follow-up was 55%, and therefore the expected FASE
number of dengue cases w Qproxmately 161 in study CYD14 and 155 in study CYD15 (occurring 28
days post-Dose 1 until th%of the Active Phase). Based on the planned sample size, there was at least
an 87% power to corN{e that the lower bound of the point estimate for VE on the FASE population is
greater than 25%.

Randomlsatlono

Each sub]o\ met the inclusion criteria and none of the exclusion criteria and signed an ICF/AF was

randoml ned to one of two groups via an IVRS, according to a 2 to 1 ratio (2 subjects included in the
CYDD accine Group for 1 subject included in the Control Group). Subjects randomized in the study
dusi first 2 months of enrolment were also randomized in the subset of subjects evaluated for the

genicity and reactogenicity in each country among the total number of subjects planned to be
reChwited during this period. The inclusion rate (per country) planned for the first 2 months was used to
determine the ratio.

The randomizations (for allocation of the treatment group and inclusion in the subset) were performed
with the permuted block method with stratification on sites/satellite and by age (i.e., 2 to 5 years, 6 to 11
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years, and 12 to 14 years). This ensured that the balance per site and per age group between the humber
of subjects in the CYD Dengue Vaccine Group and the Control Group was respected as planned, with a 2
to 1 ratio.

A double randomization system was used for the doses randomization to ensure the blinding of t?e doses.

Statistical methods %2

&
Definition of study populations in each study and in the IEA {
In general data were described by means of statistical characteristics (categorical les: absolute and
relative frequencies; numerical variables: mean, standard deviation, minimu d fhaximum) stratified
for treatment group and time point (where applicable). ;

The following populations were defined for analyses in the individual st@
ec

Full Analysis Set for Efficacy | FASE The FASE includes all sybj who received at least

(Other Efficacy Set in CYD23) | (OES#1) one injection. Used t ess efficacy from 28 days
after the injection u@(he end of the Active Phase or

from the first inj@ to the end of the Active Phase

P

7
Other Efficacy Set OES OES includes‘subjects who received at least 2
injections ngue or control vaccine. Used to assess
(OEs#2in | ' Q g o
CYD23) efficacy 8 days after the 2nd injection up to the
end ﬁe Active Phase.
Per-protocol analysis set for | PPSE T@!E includes all subjects who had no protocol
efficacy deViations. Used for the analysis of VE from 28 days
%@st-Dose 3 to the end of the Active Phase.
\ &

Efficacy injections, regardless of the per-protocol criteria. Used
to assess efficacy from 28 days after the 3rd injection
up to the end of the Active Phase.

Modified Full Analysis Set for mFAS$ ’The mFASE includes all subjects who received at least 3
i

(F

P
Safety Analysis Set <$afAS The SafAS includes all subjects who received at least
one injection.
«
Full Analysis Set for \ FASI The FASI is defined as the subjects of the
Immunogenicity @ immunogenicity and reactogenicity subset who
. Q received at least one injection and who had a blood
\ sample drawn and a result available after this injection.
e\\j
The prj efficacy analysis of the primary objective was performed on the PPSE, and was confirmed on
th iffed full analysis set for efficacy (mFASE) for CYD14 and CYD15 and on the FASE for CYD23. The

, the other efficacy analysis set (OEAS) and the mFASE were used for the secondary efficacy
analyses, respectively after at least 1, 2 and 3 doses of vaccine/placebo. In the mFASE and the FASE,
subjects were analysed according to the group to which they were randomized.

The other populations were used for the secondary and other efficacy analyses. Subjects were analysed
according to the group to which they were randomized.
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For the IEA, the same statistical populations from the individual studies were used as they are considered
clinically similar. The PPSE was used to assess the efficacy for the primary objective only, in the PD3
period, i.e. from 28 days after the third injection to the end of the Active Phase. The mFASE was used to
describe the efficacy after 3 injections, in the PD3 period. The FASE was used to describe the efficacy
during the whole Active Phase period, i.e. from at least 1 injection (DO) to the end of the who ctive
Phase. To describe efficacy according to the dengue immune status of subjects at baseline th %icant
used the FASE and mFASE populations restricted to subjects in the immunogenicity subset,@ve PD3
and the whole Active Phase periods.

2 4
For FASE, mFASE and FASI, subjects were analysed according to the group to which mere
randomized.

Statistical Method for Primary Efficacy Objective Q

To address the primary efficacy hypothesis (i.e. superiority of CYD vaccine &compared to control
group), the following hypotheses were tested, using an alpha level of 2.59 ided), on VE in preventing
the occurrence of VCD cases after three doses:

e HO: VE <0 (CYD23) or <25% (CYD14 and CYD15) {

e H1:VE >0 (CYD23) or >25% (CYD14 and CYD15)
The efficacy of the CYD dengue vaccine was estimated usi@%ﬂowing formula:

VE = 100* [1- (PCYD / PP)] = 100* [1-((CCYD / NCYD)@ / NP))]

where: PCYD is the density incidence of dengue in the cine Group; PP is the density incidence of
dengue in the Control Group; CCYD is the numbe@CD cases in the vaccine Group in the PD3 period;
NCYD is the number of person-year in the vacgj oup; CP is the number of VCD cases in the Control
Group; NP is the number of person-years in t@ntrol Group.

Person-years are the sum of individual u &Itime (years) for which the subjects contributed to the

analysis. This is equal to the person-t Qrisk divided by 365.25.

For subjects with several episodes que, only the first episode of VCD occurring more than 28 days

after the third injection was incl the analysis of VE for the primary objective.

The statistical methodology séed on the use of the two-sided 95% confidence interval (CI) of the VE.

The following statistics we ided: number of VCD cases, humber of person-years at risk, density

incidence and 95% CI, VEQ 95% CI. ClIs for the single proportion were calculated using the exact

binomial method (CIoN—Person method, developed by Newcombe). CIs for VE were calculated using

the exact method d@)ed by Breslow & Day. The VE of the CYD dengue vaccine was considered as
ound of its 95% CI was greater than 25%. In addition, the Kaplan-Meier curves

significant if the@
L 4
were drawn fﬁ endpoints.

Statistic for Main Secondary and Other Efficacy Objectives
VE was sed as for the primary objective over a different period of time or for another endpoint,
depe on the objective. No hypotheses have been tested for secondary and other endpoints. The VE

es in preventing symptomatic VCD cases were presented with their 95% Cis which were calculated
u the exact method described by Breslow & Day.

The efficacy against at least 3 serotypes was calculated for each combination (serotypes 1-2-3, 1-2-4,
2-3-4, 1-3-4). Vaccine efficacy was evaluated on VCD cases, according to each dengue serotype after at
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least 1, 2 and 3 doses. VE was defined as 1 minus the ratio of density incidences of each serotype in the
CYD Dengue Vaccine Group over the density incidence of the Control Group.

In addition to VE, the density incidence and relative risk (RR) were calculated on subjects with VCD cases
according to severity and according to serotype 28 days after each injection (to the end of theActive
Phase) and from at least 1 injection (from DO) to the end of Active Phase. RR was defined as t%jio of
density incidences in the Dengue Group to the Control Group. @

Safety . %

The 95% Cls for percentages were calculated using the exact binomial distribution ( \[yr—Pearson’s
method, quoted by Newcombe). Serious AESIs were also described using the same hod. The number
of subjects with serious dengue disease was summarized by country and time@gset.

Immunogenicity

Immunogenicity in the subset of subjects was assessed using the follow;j ameters:

and the third injections, and 1 year after the third injection“gther timepoints were also

available); @

e Geometric mean of the individual titre ratios (GMTR) f@h serotype (parental strains) 28 days
after the second and the third injection, based on @aseline neutralizing Ab titre;

e GMT for each serotype (parental strains) before the first inje{fio nd 28 days after the second

e Number and percentage of subjects with dengu tralizing Ab titre = 10 (1/dil) (parental
strains) 28 days after the second and the thhections and 1 year after the third injection;

e Number and percentage of subjects with c@.le neutralizing Ab titre 210 (1/dil) against at least
one, two, three, or the four dengue segotypes.

e Distribution of GMTs was describeﬁitleach available time point.

The dengue serostatus at baseline was g;ld as seropositive if the PRNT50 titre was =10 (1/dil) against
at least one serotype. This threshald sents the lower limit of quantification (LLOQ).

Assuming that log10 trans ion of the titres/ratios follows a normal distribution, first, the mean and
95% interval were calculat n log10 (titres/ratios) using the usual calculation for normal distribution,
then antilog transfornMns were applied to the results of calculations, to compute GMTs/GMTRs and

their 95% CIs. fo

Other specificém@)genicity analyses were performed according to the dengue and/or YF Ab levels at
baseline and 6} presence of a previous dengue infection.
L 4

Statistica ods for other endpoints analyses

VE by, pe

inst any and each of the four serotypes was presented with their 95% CI between each dose.
Simijlar calculations were performed to assess VE estimates according to severity (WHO criteria and
clinical criteria) for VCD cases.

VE against hospitalized dengue
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Virologically-confirmed, hospitalized dengue cases due to each or any serotype occurring during the
Active Phase were described. Stratified VE analyses and/or modelisation were performed to evaluate the
relationship between the occurrence of dengue infection and some covariates, such as country, gender,
age and presence of previous clinical history of YF/dengue infection or vaccination. For concerned
subjects, adjustment on baseline dengue and/or YF Ab titre was used. Regression methods weresed. As
an exploratory analysis, a survival analysis approach (based on a time-to-event consideration used.

Virologically-confirmed, hospitalized dengue cases occurring during the Hospital Phase wgre cribed
according to severity. %

0\
Serology of dengue cases {

The serological profile of suspected dengue cases were based on IgG and IgM{@results. Descriptive

statistics were used. &
Viremia 0

In dengue cases confirmed by DS RT-PCR, the viremia level of acute blo mple was summarized. This
was done for each serotype and according to severity. k

Evaluation of Relationship between Neutralizing Ab Levels and e@y

The GMTs of subjects with VCD cases 28 days post-dose 3 w pared with the GMTs of subjects

included in the immunogenicity subset without VCD cases«(si inclusion), per serotype and for any
serotype. For the determination of GMTs per serotype, @c ses were defined as serotype-specific.

A logistic regression and a Log-Scale Logit model wehed to evaluate the association between the Ab
level and dengue occurrence. O

Statistical Methods for Exploratory Analyses Q

Time-to-Event Analysis &

As an exploratory analysis of the prim @dpoint, a survival analysis approach (based on a
time-to-event consideration) was ebr each treatment group, a Kaplan-Meier curve along with the
log-rank test comparing the 2 curvéas determined. The endpoint was then the time (in years) that the
subjects were exposed to or at developing a dengue fever from 28 days post-Dose 3 or from DO.
The VE and its 95% CI wereﬁ tained using a Cox hazards regression model with vaccine group as
covariate.

Cox regression assum%;o;rtional hazards throughout the follow-up period. This assumption was
checked by a test b% the scaled Schoenfeld residuals. The Kaplan-Meier curves with log-rank test
and the Cox reg i ere also provided by serotype.

ressi
Covariate Adj g § and Subgroup Analyses
Vaccine @
Stratifi nalyses 28 days after the third dose and during the whole Active Phase were performed to

evalu e relationship between the occurrence of dengue infection (against any and each serotype)

the following covariates: country; age group and age (as a continuous variable); gender, and
présence of the following reported at baseline: previous clinical history of dengue infection, previous
clinical history of YF infection, previous YF vaccination, previous clinical history of dengue and/or YF
infection/vaccination.

Assessment report
EMA/791273/2018 Page 64/187



A Cox proportional hazards regression with the covariates and the vaccine group was computed. The
interactions between the covariates and the vaccine group were tested. If there was not significant at the
level of 15% (threshold arbitrarily chosen to not exclude covariates that could potentially have a
significant impact on the endpoint), the models were fitted without the interaction terms.

The relative risk (RR) analyses on symptomatic virologically-confirmed dengue cases were perf;
the immunogenicity subset according to the FV status (dengue and YF) at baseline, based o

results obtained at DO: c
0\
Descriptive exploratory analyses for immunogenicity and reactogenicity we@o performed according to

the same covariates. @

issing data and described in details
icacy data were not imputed. No test

d for
ogical

e dengue status at baseline
e YF status at baseline
e FV (dengue and/or YF) status at baseline

Immunogenicity and Reactogenicity

Handling of dropouts or missing data

Subject exclusion from efficacy analyses was determined by type
in the SAP. Sensitivity analyses were planned in the SAP. Missi
or search for outliers was performed. Q

Figure 6: Subject disposition for study/YD14

\Q 10275 subjects randomized
o N

v ™ 4 v

6831 assigned to de vai
1336 assigned togubs

Results
Participant flows

Study CYD14

3424 assigned to control vaccine
664 assizmed to subset

|

3424 received first dose
(safety set analysis) (safety set analysis)
6793 received second dose 3307 received second dose

\ 6772 received third dose 3379 received third dose

88 did not complete the study
63 “F&?’g;‘gﬁ;}m | 6797 completed the Active Phase | 3397 completed the Active Phase

10 non-compliance pro J/ \L‘

3 not vaccinated
(consent withdrawn)

0 not vaccinated

6848 received first dose

44 did not complete the study
| 35 withdrew consent

(not for safety)
3 non-compliance with protocol
AE

5SAEs

0 other AE
3 lost to follow-up

0 other AE .
10lost to fo]lr\\p
N

6763 completed the Year 1 of Hospital
Phase

3380 completed the Year 1 of Hospital
FPhase

N
Ko

6709 in per-protocol efficacy analysis set
142 excluded due to =1 deviation

79 did not receive three injections

35 received therapy or vaccine not allowed

29 delay between mjections not respected

10 non-respect of definitive contraindications
2 received =1 incomect injection
1 non-respect of inclusion/exclusion criteria

3350 in per-protocel efficacy analysis set
74 excluded due to =1 deviation
45 did not receive three injections
15 received therapy or vaccine not allowed
13 delay between mjections not respected
5 non-respect of inclusion criteria
1 received =1 incomect injection

10,275 subjects were randomized out of the 10,278 planned subjects (3 subjects were randomized
twice). Of these subjects, 2000 subjects (1333 in the CYD Dengue Vaccine Group and 667 in the Control
Group) were randomized to the reactogenicity and immunogenicity subset. Out of the subjects enrolled
and randomized (6851 subjects in the CYD Dengue Vaccine Group and 3424 subjects in the Control
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Group), 10,274 were eligible at VO1. The reason for non-eligibility was that one subject in the CYD
Vaccine Group received a vaccine in the 4 weeks preceding the first trial vaccination (exclusion criterion
14).

Subjects were randomized and attended Visit 01 within the period 03 June 2011 to 01 Decem?er 2011.

A total of 6771 subjects (98.8%) received 3 doses of the CYD dengue vaccine as per protocol. T ber
and percentage of subjects in the CYD Dengue Vaccine Group who did not receive the 3-do

was as follows:

hedule

e At V01, 3 (0.0%) subjects did not receive the first injection. {\
e At V03, 85 (0.8%) subjects did not receive two injections
e At V05, 124 (1.2%) subjects did not receive the three injections &

A high percentage of subjects completed the Active Phase (99.2%). 0

Study CYD15

Table 4: Subject disposition for study CYD15

CYD Dengue
vaccine
N
Planned sample size 13917
Randomized subjects 13,920
Subset of Subjects 1.334
Subjects who completed the Active Phase 13281
Discontinued subjects 639 P k :
SAE N
Other AE C 0 3
Non-compliance with protocol 14 57
Lost to follow-up % 46 152
Voluntary withdrawal not for AE U 240 720
Subjects who completed the first year of QT 6545 19.921
Hospital Phase
Discontinued subjects ( 846 404 1250
SAE Ny 12 10 22
Other AE N/ 3 0 3
Non-compliance with proto 48 18 66
Lost to follow-up ﬁ 189 83 272
Voluntary withdrawal not fofeAE 594 293 887
Subjects in Per Protocol cy Set* 12,573 6.261 18.834

1 the evaluation of the primary objective. All subjects presenting with
d per protocol were excluded from this set.

* Population of analysis @s

at least one deviation 6

Atotal of 19, @5 .5%) subjects (13,281 [95.4%] in the CYD Dengue Vaccine Group and 6640 [95.6%]
in the C p) completed the Active Phase. Although the protocol planned that subjects who
disconti om vaccination period had to continue surveillance for dengue until the end of the study,
a pro;Q|é of subjects (4.5%) could not been re-contacted at V07 and therefore did not complete the
Ac se

Reéasons for discontinuation during the Active Phase were mostly voluntarily withdrawals not due to an
AE, in 3.5% of subjects (3.4% in the CYD Dengue Vaccine Group and 3.5% in the Control Group) and “lost
to follow-up” in 0.7% of subjects (0.8% in the CYD Dengue Vaccine Group and 0.7% in the Control
Group). Other reasons for discontinuation were non-compliance with study protocol in 0.3% of the
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subjects (0.3% of subjects in the CYD Dengue Vaccine Group and 0.2% of subjects in the Control Group,
and “occurrence of a SAE” in 0.1% of subjects (0.1% in the 2 groups).

For both trials the percentages of subjects in each of the subcategories for discontinuation (voluntarily
withdrawals, lost-to-follow-up, etc.) were similar in the vaccine and placebo groups. 2

Conduct of the studies @

For the two pivotal trials, the initial version of the protocol, Version 1.0, was issued on, 1@rch 2010.
There were four protocol amendments in total in both studies. The first was approved g o the start of

the trial to ensure compliance with WHO guidelines and consistency with the IDMC;/ initions. In
amendment 2, CYD14 and CYD15 clinical trial protocols were modified to clarify t tification by age;
2 to 5vyears, 6to 11 years and 12 to 14 in CYD14 and 9 to 11 years and 12 t ars to balance

communicated to all Ethics Committees of both pivotal studies and sever ifications were
implemented taking into account these results. As a consequence, oth@ectives were added, the
hospital Phase was extended by 2 years to allow a 5 year follow-up Eerio after the last vaccination. In

randomization per age group in CYD15. In the third amendment, the result: D23 trial were

addition the Simplexa dengue RT-PCR replaced the WT dengue RT- because it is able to qualitatively
detect strains not detected by the WT RT-PCR. The fourth amendpient (dated 25 Jan 2015) was
implemented to reactivate surveillance of all symptomatic cas ing long term follow up, the so-called
“surveillance expansion phase (‘SEP’).

During the Active Phase, there was a low proportion of p@ol deviations, which were balanced between
groups, and a low proportion of lost to follow up (not c ted at 24 months) overall (<1%) and in each

country (<4%). Lost to follow up frequency was lo the Hospital Phase as well, but protocol deviations
were more frequent during this Phase (>5%) aadﬁed by country, but was balanced between groups.

At the time of MAA submission the CYD14 and 15 trials were ongoing. The CYD14 trial was completed
on November 215t 2017. CYD15 was com&ej on March 5™ 2018.

Baseline data (J
b\\.r

CyD14

All subjects but one were Asi erall, there were similar percentages of female (51.5%) and male
subjects (48.5%); these pr. ions were similar in each treatment group. The mean age at enrolment
was 8.8 years in both treaért groups. The number of subjects per age groups is indicated in the table

below (PPSE).

Age group: n (%) CYD vaccine group Control group All
(N=6709) (N=3350) (N=10,059)
2 to 5 years < ) 1615 (24.1%) 795 (23.7%) 2410 (24%)
.
6to 11 vy, \ 3567 (53.2%) 1793 (53.5%) 5360 (53.3%)
12 to @ears 1527 (22.8%) 762 (22.7%) 2289 (22.8%)

ographic characteristics were also comparable across countries, including the age group
distribution with approximately more than half of the subjects in the 6 to 11 years age group in each
country. The distribution by country is summarized in Table 5 for randomized subjects and for the
subjects included in the subset.
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Table 5: Subjects by country and randomised treatment group - Randomised subjects and
randomised subjects included in the subset

CYD Denzue Vaccine Group Control Group All Subjects
(N=6851) (N=3424) (N¥=1027%) .
n n subset o n subset o o suh'&el‘)
Indonesia 1246 234 624 115 1870 35%\)
Malaysia 937 204 464 96 1401 2% ) |
Philippines 2335 402 1166 200 3501 o,
Thailand 778 225 392 116 1170 Nl
Vietnam 1555 271 778 1386 2333 f$ 407
n: number of subjects fulfillmg the mtem listed V
CYD15 &
Distribution between genders was equal in all groups. The mean age at en t was 12.4 years in both

treatment groups. The number of subjects per age groups (n(%)) is in%d below (PPSE):

e 9to1llyears: 5770 (45.9) in the vaccine group and 2860 (43.7) in the control group (8630, 45.8
in total).

e 12 to 16 years: 6803 (54.1) in the vaccine group and@ (54.3) in the control group (10,204,

54.2 in total). Q

The ethnic origin of the subjects was American Indian (1 ), Caucasian (8.0%), Black (3.1%) but most
of subjects reported being Hispanic of mixed ethnic origins, classified as “Other” (72.6%). Demographic
characteristics were very similar in the 2 treatme roups.

The distribution by country and treatment gro e overall of subjects randomized in the study and

the subset is summarized in Table 6. Approximately half of the subjects were included in Colombia (9743

subjects out of 20,869). This higher percetitage of subjects was recruited in Colombia because this was

the country with a history of more sustai(edjcirculation of the 4 serotypes in the years prior to the onset

of the study. Brazil and Mexico includﬁspectively 3548 and 3464 subjects. Honduras and Puerto Rico
jects.

recruited respectively 2799 and 1§
Table 6: Country distributiom randomised treatment group in the overall population and

in the overall population the immunogenicity and reactogenicity subset - Randomised

subjects Q
w)enB Vaccine Group Control Group All Subjects

(N=13920) (N=6949) (N=20869)
g
‘ rerall Overall Overall

pulation Subset population Subset population Subset
N 4 N n n n n n n

Al ;\\ 13920 1334 6949 666 20869 2000
Brazil . ‘ )‘ 2370 202 1178 98 3548 300
Colombia \ 6497 613 3246 308 9743 921
Honduras N 1866 200 933 100 2799 300
Mesicaf P 312 219 1152 108 3464 327
Puky 875 100 440 52 1315 152

bep of subjects fulfilling the item listed

Although the percentage of Caucasians (the main ethnic group in Europe) included in the trials is low,
there is no reason to think that the vaccine will behave differently in different ethnic groups, and thus it
is considered that the immunogenicity and efficacy data obtained from these trials can be extrapolated to
the EU population.
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Baseline Status for flavivirus, Dengue and Yellow Fever (FASI)

CYD14

Data on baseline dengue and Japanese encephalitis (JE) antibody (Ab) levels were obtained in the subset.

In the FASI (n=1983), 67.6% were dengue immune to at least one serotype (neutralizing Ab onse
>10 (1/dil) using Dengue PRNT50) and 42% to all 4 serotypes in the vaccine group, similarl e
control group. Overall 52.6% were Japanese encephalitis immune (n=1043) at baseline. At 78.2%

of the subjects were flavivirus (FV) (JE and/or dengue) immune at baseline (n=1551). Ihé?)roportions
were well balanced between both groups (Vaccine and Control). Subjects from the VEQ and the
Control Groups were also comparable in terms of GMTs at baseline.

The proportion of dengue immune subjects at baseline varied with country: fi .8% of dengue
immune subjects at baseline in Malaysia to 80.8% in Indonesia. Important % ces in terms of JE
immune status at baseline by country were also observed, which may refleCtyth& diversity in JE
vaccination program since only 45.5% of subjects were JE immune in t illppines whereas no JE
immunization program is implemented except in private market. Howe\?b‘uese results are difficult to
interpret due to cross-reactivity with JE and other flaviviruses. {

The proportion of dengue immune subjects at baseline increased@ age: from 51.3% for the 2 to 5
years age group to 81.0% for the 12 to 14 years age group ( 7).

Table 7: Flavivirus, dengue and Japanese Encephalit@m ne subjects, by age group and
randomized group - Full Analysis Set for Immuno@c ty - CYD14

CYD Dengue
{\ Vaccine Group | Control Group All Subjects
N4 (N=1323) (N=660) (N=1983)
Age group 0 n (%) n (%) n (%)
2 to 5 years Baseline flavivirus status - 313 (68.8) 140 (62.8) 453 (66.8)
Baseline dengue status {&; 243 (53.4) 105 (47.1) 348 (51.3)
Baseline JE status \4 185 (40.7) 83 (37.2) 268 (39.5)
6 to 11 years Baseline flavivirus Q 381 (81.4) 196 (82.4) 577 (81L.7)
Baseline dengue sta% 333(71.2) 174 (73.1) 507 (71.8)
Baseline JE sta}@v 249 (53.2) 125 (52.5) 374 (53.0)
12 to 14 years Baseline ﬂa\-“%ls status 348 (87.0) 173 (86.9) 521 (87.0)
Baseline dfnglie status 320 (80.0) 165 (82.9) 485 (81.0)
Baseline JE Status 268 (67.0) 133 (66.8) 401 (66.9)

n: number of subjects fulfy 'Nle item listed
During the Activ ’éall 4 serotypes were circulating in the 5 countries although serotypes distribution
varied accordin ountry. The density incidence of virologically-confirmed dengue (VCD) in the Control
Group was,4.% (96%CI: 4.2; 5.2) per 100 person-year at risk during the Active Phase. During the Active
Phase, t ity incidence varied across serotypes with 1.9%, 1.1%, 0.6%, and 1.0% in the Control
Group fo types 1, 2, 3, and 4, respectively. The incidence density of VCD due to any serotype in the
Co tr@oup during the Active Phase decreased with age. In the immunogenicity subset, the density
inci e of VCD in the Control Group was 4.0 (3.0; 5.2) per 100 person-year at risk during the Active

CYD15

Overall, 86.0% of the subjects were Flavivirus-seropositive at baseline and 79.4% of the subjects were
dengue-seropositive at baseline. A slight imbalance between vaccine and control group is observed as
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higher seropositivity rates occur in the vaccine group (86.7% and 80.6%, resp.) compared to the control
group (84.4% and 77.0%, resp.).

Baseline Flavivirus-seropositivity rates varied by country and were lower in Mexico and Puerto Rico
(~59%) compared to the 3 other countries (at least 86.7%). Baseline dengue-seropositivity rates varied
by country and were higher in Colombia (92.2%) and Honduras (85.7%) compared to the othertries
such as Mexico (53.1%) and Puerto Rico (56.2%). @

Overall, 79.7% of the subjects were YF-seropositive at baseline. Baseline YF-seropositiv;t@s varied by
country and were higher in Colombia (96.0%), Brazil (82.1%) and Honduras (79.4%(% ared to the
other countries such as Mexico (47.5%) and Puerto Rico (45.2%). O

Most subjects were positive for both dengue and YF; therefore, the percentage @ects positive to both
dengue and YF are slightly lower than those of the individual viruses.

As expected higher seropositivity rates to flaviviruses were observed in olda.lbjects (Table 8):

Table 8: Baseline flavivirus, dengue and Yellow Fever seroposit@ by age and randomized
group - Full Analysis Set for Immunogenicity - CYD15 k
25

CYD Dengue
Vaccine Gr Control Group All Subjects
Age group Seropositivity at baseline C\;:(IJ {"::f:; ) (:\;1=(10?:;4)
9 to 11 vears Flavivirus 5 B 264 (81.5) 811(83.9)
Dengue 8) 230 (71.0) 724 (74.9)
Yellow Fever 503 (78.2) 243 (75.0) 746 (77.1)
Dengue and Yellow Fever 0450 (70.0) 209 (64.5) 659 (68.1)
12 to 16 vears Flavivirus k\ 581 (88.3) 279 (87.5) 860 (85.0)
Dengue 554 (84.2) 265 (83.1) 819 (83.8)
Yellow Fever &l 539 (81.9) 265 (83.1) 804 (82.3)
Dengue and Yellow Fe‘Q 512 (77.8) 251 (78.7) 763 (78.1)

n: number of subjects fulfilling the item 1
Flavivirus- seropositive subjects at basels
== 10 (1/dal).

Dengue-seropositive subjects at baseli@
baseline.

Yellow Fever-seropositive subjects #gbaseline are defined as subjects with Yellow Fever titer == 10 (1/dil) at baseline.
Dengue- and Yellow Fever -se _- Ve subjects at baseline are defined as subjects with titers == 10 (I/dil) against at least one
dengue serotype and agamnst Yellage'Fever at baseline.

Numbers analy ’3

.
Table 9: Pof&on of analysis for CYD14
o,

d$vzd as subjects with baseline Yellow Fever and/or at least one dengue serotype

efined as subjects with titers == 10 (1/dil) against at least one dengue serotype at

b\ Vaccine Control
Group group
(@ 4

Po Mns of analysis

Enrelled and randomized 6851 3424
Full Analysis Set for Efficacy (FASE) 6848 3424
Per-Protocol Set for Efficacy (PPSE) 6709 3350
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Modified Full Analysis Set for Efficacy (mFASE) 6772 3379

Other Efficacy Analysis Set (OES) 6793 3397
Safety Analysis Set (SafAS) 6848 3424
Full Analysis Set for Immunogenicity (FASI) 1323 660 b
Hospital phase 6778 3387
Populations excluded from the analyses \4
Subjects with protocol deviations during the Active Phase 142 (2.0%)
Subjects who did not receive all three doses 79 (1.1%) *@ 3%)
Table 10: Efficacy analysis sets by randomized group - Random ubjects - CYD15
CYD Dengue
Vaccine Group Control Glmk Al
(N=13920) (N=6 (N=20869)
n (%) n° n (%)
Per-Protocol Set for Efficacy 12573 (90.3) 6%1) 18834 (90.2)
Full Analysis Set for Efficacy 13914 (100.0) QN:( 9) 20854 (99.9)
Not injected 4(0.0) O 9(0.1) 13 (0.1)
Severe non-compliance with GCPs 2(0.0) 0(0.0) 2(0.0)
Modified Full Analysis Set for Efficacy 13288 (95.5 6643 (95.6) 19931 (95.5)
Not received 3 mjections 630 (4_5)b 306 (4.4) 936 (4.5)
Severe non-complance with GCPs 2 (Q 0(0.0) 2(0.0)
Other Efficacy Analysis Set 13506 (970) 6765 (97.4) 20271 (97.1)
Not recerved 2 injections %3_0) 184 (2.6) 596 (2.9)
Severe non-compliance with GCPs - (0.0) 0(0.0) 2(0.0)

n: number of subjects fulfilling the item listed n
on

Note: a subject may be associated with more than
Subjects who received a vaccine not authorized e reported under the deviation “Administration of the vaccine was not

O
R
K
O
>
o
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Table 11: Immunogenicity analysis set by randomized group — Randomized Subjects Included
in the Subset - CYD15

CYD Dengue
Vaccine Group Control Group All
(N=1334) (N=666) N=20 00@
n (%) n (%) n (‘Vg
3

Full Analysis Set for Immunogenicity 1301 (97.5) 643 (96.5) 19. w

Not mjected 1(0.1) 2(0.3) 0.2)

Not blood sample drawn or no result available 32.(24) 21(3.2) Q @7
after injection

Severe non-comphance with GCPs 0(0.0) 0(0.0) & 0(0.0)
Per-Protocol Set for Immunogenicity post-Inj 2 1206 (90.4) 584 (87. 1790 (89.5)
Per-Protocol Set for Immunogenicity post-Inj 3 1216 (91.2) 580 (87. 1796 (89.8)
n: number of subjects fulfilling the item listed L4
Note: a subject may be associated with more than one deviation
Subjects who recerved a vaccimne not authorized for use are reported under the deviation “Adumstration of the vaccine was not

done as per protocol (site and route)”.
Subject who was imjected before being randomized 1s reported under the deviation "che@t least one dose of a product other

than the one randomized to recetve™ even 1f he received the correct treatment. Q

Outcomes and estimation - EFFICACY

A summary of estimates of efficacy for individual trials 4 and CYD15 is included respectively in Table
13 and Table 14. For study CYD23/CYD57 see below. The results of the Integrated Efficacy Analysis
including data from the 3 trials CYD14/CYD15/CYéare described in Section 2.5.3 Analyses across
trials.

CYD23 results

Xo
A total of 4002 subjects were evaluate aejingle site in Thailand. A total of 78 VCD cases occurring from
28 days post-injection 3 to the en %Active Phase were observed in 77 subjects and were used to
calculate VE. During PD3, VE in th was 30.2% (95% CI: -13.4; 56.6), and differed by serotype. The
primary estimate of VE was low, anticipated and was not significant. VE was assessed against any
serotype and by serotype aft* ast one injection: VE against any serotype was 34.9% and significant
(95% CI1 6.7; 54.3), VE agai engue serotypes 1, 3 and 4 was respectively 61.2%, 81.9%, and 90.0%,
and statistically superior t fter at least 1 injection. VE after at least one injection against dengue
serotype 2 was not dwstrated and not statistically superior to 0 (3.5%).

was less than @ esult was driven primarily by the finding that most of the serotypes identified were
serotype 2 ( %D cases in the dengue group and 19 VCD cases in the control group were due to
serotyp rtheless, clinical proof of concept was considered demonstrated given the measurable
efficacy.

The overall VE est'&@id not reach levels of statistical significance since the lower bound of the 95% CI
is

Af @hird injection, 91.5% of subjects were seropositive against all 4 serotypes. One year after the
jection, GMTs were 2 to 4 times higher than baseline GMTs. A trend toward higher GMTs was noted
der subjects. Baseline data observed in both treatment groups are consistent with the local
epidemiological situation of dengue in Thailand. The safety profile of the CYD dengue vaccine was
satisfactory, with decreasing systemic reactogenicity after subsequent injections.
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Results of CYD57 up to Year 2 of the hospithal phase

Long-term follow-up of safety and hospitalized dengue cases is being evaluated through Study CYD57.
The safety data are discussed in the Clinical Safety part of this report, and are mostly pooled with CYD14

and CYD15 safety data.
During the first 2 years of Hospital Surveillance in CYD57, there were 7 hospitalized VCD ass Qas

clinically severe by the IDMC: 5 in the Dengue Group and 2 in the Control Group, taking int unt the
randomization ratio 2:1 between the Dengue Group and Control Group. The analysis by se es showed
that the serotype the most represented was serotype 1 (4 out of 5 cases in the Deng up).

During the first year of Hospital Surveillance, 4 hospitalized SVCD cases were repa @ in the Dengue
Group and no case was reported in the Control Group; resulting in an annual Q’ @ce of hospitalized
SVCD was low in both groups (0.2% in the Dengue Group and 0.0% in the Cor% oup). Serotype 1 was
the predominant serotype during the first year of Hospital Surveillance.

During the second year of Hospital Surveillance, 1 hospitalized SVCD c@yas reported in the Dengue
Group and 2 SVCD cases were reported in the Control Group, resulting in"an annual incidence rate of
hospitalized SVCD of < 0.1% in Dengue Group and of 0.2% in the Cohgrol Group with a RR value that was
< 1, but was not statistically significant (RR: 0.251 [95% CI: 0.(@.82]). There was no predominant
serotype during the second year of Hospital Surveillance. q

There was no evidence of excess of hospitalized SVCD casesiin the Dengue Group compared to the Control
Group up to the second year of the Hospital Surveillanc@t e CYD57 safety follow-up.

Most SVCD cases were rated DHF Grade I and II according to WHO classification. The most frequently
observed clinical symptoms were plasma leakage mbocytopenia, and haemorrhagic signs. Two
subjects in the Dengue Group reported clinical identified using the Sponsor specific algorithm and
confirmed by the IDMC) during the first year of¥gospital Surveillance. Both cases of clinical shock were
rated DHF Grade III according to WHO clas§ification. The first case occurred in a 9-year-old (at the time
of the event) female who showed spont{e).ls bleeding (hematemesis), platelet count of 9000/uL and
signs of plasma leakage. The second caSe occurred in a 7-year-old female (at the time of the event) who
had a positive Tourniquet test, a p count of 24,000/pL and presented signs of circulatory failure
(rapid and weak pulse). All subjé ith SVCD recovered with supportive medical treatment.

Table 12: Incidence of hoﬂa zed SVCD (as per IDMC) due to any serotype collected during

the Hospital SurveillanQ se - All Subjects and per age group- Safety Analysis Set CYD57

l N CYD Dengue Vaccine Group Control Group Relative Risk

Study T“’fig"e":t"jdmlusiou Cases M Am““]]tﬂ:‘d"““ (©5% CT) Ipisno oo Cases M M“““E‘g'd“““’ ©5% CT) Epi;ﬂes RR  (95% CT)
CYDS7 Hospital Surveillance Yen@es] 4 2133 02 0.1;05) 4 0 1070 0.0 0.0:04) 0 NC ™C)
6-11 years 2 1740 01 (0.0;0.5) 2 0 878 0.0 0.0;0.5) 0 NC ey
4-5 years 2 30 0.6 (0.1;2.0) 2 01 0.0 0.0;2.1) 0 NC ™C)
20 vears (0 12g0) 0 794 0.0 (0.0 0.5) 0 0 406 0.0 (0.0: 1.0) 0 NC ™C)
<9 vears & 4 1330 03 (0.1;0.8) 4 0 664 0.0 (0.0;0.6) 0 NC ™C)

Hospilab%ur@‘fenr 2 (all cases) 1 2133 0.1 (0.0;0.3) 1 2 1070 02 (0.0:0.7) 2 0.251  (0.00; 4.82)

641 v 0 1740 0.0 (0.0;0.2) 0 1 878 0.1 (0.0;0.6) 1 0000 (0.00;19.68)

43 & 1 39 03 (0.0:1.4) 1 1192 0.5 (0.0:29) 1 0480  (0.01: 38.35)
> @ 0-11 yo) 0 794 0.0 (0.0 0.5) 0 0 406 0.0 (0.0;0.9) 0 NC ®C)

2 (4-8 yo) 1 133 =01 (0.0.04) 1 2 664 03 (0.0:1.1) 2 0248 (0.00.4.76)

ry of main studies

The following tables summarise the efficacy results from the main studies supporting the present
application. These summaries should be read in conjunction with the discussion on clinical efficacy as well
as the benefit risk assessment (see later sections).
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Table 13: Summary of Efficacy for trial CYD14

Study Title: Efficacy and Safety of a Novel Tetravalent Dengue Vaccine in Healthy Children
Aged 2 to 14 years in Asia

Study identifier CYD14

Clinical Study Report Up to 24 months post-Injection 3 (Year
Hospital Phase)

Design Randomized, observer-blind, placebo-controlled, multi-center, Pha T trial in
5 endemic countries. The trial enrolled 10,278 healthy children s
conducted at 11 sites across Thailand, Malaysia, Indonesia, il%es and

Vietham.

Duration of Active phase: 03 June 2011 (FVFS) - 16 &mber 2013
(LVLS) (ca. 25 months pe< :gaject)

Duration of Hospital phase: 17 June 2013 - ongai . 47 months per

subject)
Duration of Extension phase: | 2015 - 2017 (LVL\&uOVZOU)

Hypothesis Superiority \I

Treatments groups CYD Dengue Vaccine group Subjects receif doses (0, 6 and 12
months) of £YD Dengue Vaccine with an
efficacy folgw-up of 13 months after Dose 3

andaf -Up for hospitalized dengue cases
of 60 s after Dose 3. N = 6852

Control Group Subjé&ct ceived 3 vaccinations (0, 6 and 12
m saline solution (NaCl 0.9%) with an

a follow-up for hospitalized dengue cases

e cy follow-up of 13 months after Dose 3
3
‘ 60 months after Dose 3. N = 3426

Endpoints and Primary Efficacy ymptomatic virologically-confirmed dengue
definitions endpoint cases occurring > 28 days after Dose 3 (during

at least 2 consecutive days)
e Virologically-confirmed by dengue RT-PCR

the Active Phase) and defined as:
Q ¢ Acute febrile illness (temperature = 38°C on
&.l and/or dengue NS1 ELISA Ag test

Secondary icacy Symptomatic virologically-confirmed dengue
endpoint \ cases after the third dose to the end of the
b Active Phase:

a. due to at least 3 serotypes
‘Q b. due to each of the 4 serotypes

k Symptomatic virologically-confirmed dengue
cases after at least 1 dose:
a. due to any of the 4 serotypes

\ b. due to at least 3 serotypes

@P\ C. due to each of the 4 serotypes

Symptomatic virologically-confirmed dengue
cases after 2 doses:
¢ a. due to any of the 4 serotypes

(\ b. due to at least 3 serotypes
R c. due to each of the 4 serotypes

Qo
@
<
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Secondary Safety Occurrence of SAEs, including serious
endpoint AESIs, in all subjects throughout the entire
study

The following serious AESIs were considered:
e Serious hypersensitivity/allergic reactions

occurring in all subjects within 7 dayssafter
vaccination

e Serious viscerotropic disease o n all
subjects within 30 days after the c ation
e Serious neurotropic dlsease o |ng in all

subjects within 30 days after ccination
e Serious dengue dlsease@agnosed by
the Investigator, occurrin subjects at

any time during the stu tocol 6.0). This

was replaced by the oWiNng in protocol
he occurrence of

version 7.0: To de%
hospitalized viroI% -confirmed dengue
r

cases and the oc ce of severe
(clinically-sev as per WHO criteria)
virologically-co ed dengue cases,

throughoutfthe SEP and throughout the trial

(from D il the end of the trial)
Secondary Immunogen | Neutrali Ab level against each of the four
endpoint in a icity pare ngue virus strains of CYD dengue
subset vacci nstructs (and potentially against
reCently fsolated strains) measured at
(N = 2000) ine, after Dose 2, after Dose 3, and 1, 2,
\ and 5 years after Dose 3 (dengue

Npeutralization assay). In addition, baseline

were described.

neutralizing Abs against Japanese Encephalitis
;IC

Secondary Reac ¢ unsolicited systemic AEs reported in the 30
endpoint in a ity minutes after each dose

subset e injection site reactions occurring up to 7 days
&/ after each dose
(N = 2000) ‘CJ e solicited systemic reactions occurring up to

14 days after each dose
\ e unsolicited (spontaneously reported) AEs up
b to 28 days after each dose
e non-serious AESIs occurring up to 7 days
after each dose.

yi
Oth&_| Efficacy Dengue cases during the active phase
« virologically confirmed dengue that meets
1997 WHO criteria for DHF due to any of the

\ four serotypes after each dose
@ ¢ clinically-severe virologically-confirmed
dengue cases due to any of the four serotypes
S Q after each dose
\ * virologically-confirmed hospitalized dengue
e (J cases due to each or any of the 4 serotypes
b\ * Symptomatic virologically-confirmed dengue
cases due to each or any of the 4 serotypes
Vo AN between each doses
N4
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Other
endpoint

Efficacy

Dengue cases during the hospital phase:
virologically-confirmed hospitalized dengue
cases (protocol version 6.0). This was replaced
by the following in protocol version 7.0:
Detection of dengue cases during the
Surveillance Expansion period

1) To describe the efficacy of CYD de@
vaccine in preventing symptomatic
virologically-confirmed dengue cas@
hospitalized cases and severe.c% due to
each or any of the 4 serotypes\aftef at least 1
dose. Q

2) to assess the risk fact ciated with

hospitalization and severi
virologically-confirm ue cases, during

Other
endpoint

Immunogen
icity

d
the SEP.
Serological profile Gﬁ pected dengue cases

Other
endpoint

Safety

N
Dengue viremij o
* WT dengue st viremia level in acute
samples offvirologically confirmed dengue
cases 7o

Other
endpoint

Efficacy
Immunogen
icity

Relati nWBetween Neutralizing Ab Level
and ine Efficacy
ip between post-Dose 3

er
n%izing Ab level and the subsequent
0 rence of symptomatic dengue cases

Other
endpoint

O

dical and Non-Medical Resource Utilization
elated to Dengue Disease
* |level of medical and non-medical resource
utilization linked to hospitalized and
ambulatory confirmed dengue cases

Database lock

&

Database lock for the
Database lock fo e

ve Phase: 19 March 2014

Hospital Phase Year 1: 19 February 2015

Results and Analysis

\}Q

Analysis description

Analysis population
and time point
description

Prima@a‘lysis
Per P@:o Analysis Set for Efficacy (PPSE)
C

ted from 28 days after the third dose of vaccine to the end of the

Descriptive statistics
and estimate

@ tment group

Da
i KPhase i.e., up to 13 months after the third vaccination.

CYD Dengue
Vaccine Group

Control

variability

Number of subject
and % of the
enrolled subjects

6709 (97.9%)

3350 (97.8%)

AN
&

O

Y
(\’O

Symptomatic
virologically-confir
med dengue cases
post-dose 3 due to
any of the 4
serotypes

117

133

<

Person-years at
risk

6525

3227

Density incidence
(per 100
person-year at
risk)

1.8

4.1
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95% CI

1.5; 2.1

3.5; 4.9

Effect estimate per
comparison

Primary endpoint

Comparison groups

Vaccine vs. Control

Vaccine efficacy 56.5% b
95%CI 43.8; 6 N
P-value The vaccine e is

considered® ificant if
the lower of its 95%
CI (exa hod described
by Bre Day) is

Analysis description

Secondary analysis (1): Efficacy against eac

gr than 25%.
IT type after 3 doses

Analysis population
and time point
description

(98.7%).

Population; n (number of subjects) and % of the
respectively in the Vaccine and the Control Gro :
Modified Full Analysis Set for Efficacy (mFASE), 6772 (98.8%) and n=3379

Data collected from 28 days after the thi
Active Phase i.e., up to 13 months aftepth&third vaccination.

BI(ed subjects,

dose of vaccine to the end of the

Effect estimate per Symptomatic Comparison gro Vaccine vs. Control
comparison virologically-confir
med dengue cases | Vaccine effi
post-dose 3, due Serotype 1 50.0%
to each of the 4 Serotyp 35.0%
serotypes Serot@ 78.4%
Serotyp 75.3%
95%@€l:
Se el 24.6; 66.8
@qtype 2 -9.2; 61.0
otype 3 52.9; 90.8
Serotype 4 54.5; 87.0

Analysis description

Secondary allal A

(2): Efficacy after at least 1 dose

Analysis population
and time point
description

1340

ber of subjects) and % of the enrolled subjects,

Population; AN(iEm

respectivel e Vaccine and the Control Groups:

Full Ana et for Efficacy (FASE); n=6848 (100.0%) and n=3424
(100.02%

Dat @J cted from Day O (first dose) to the end of the Active Phase i.e., up to
s after the third vaccination

Effect estimate per

comparison

omatic
ogically-confir
me® dengue cases

Nafter at least 1
dose, due to any
of the 4 serotypes

Comparison groups

Vaccine vs. Control

Vaccine efficacy:

54.8%

95%CI:

46.8; 61.7

Effect estimat

comparison
. < )

Symptomatic
virologically-confir
med dengue cases

Comparison groups

Vaccine vs. Control

Vaccine efficacy:

\ after at least 1 Serotype 1 54.5%
dose, due to each | Serotype 2 34.7%
@ of the 4 serotypes | Serotype 3 65.2%
Serotype 4 72.4%
95%CI:
Serotype 1 40.9; 64.9
Serotype 2 10.4; 52.3
Serotype 3 43.3; 78.9
Serotype 4 58.8; 81.7

Analysis description

Secondary analysis (3): Efficacy after 2 doses
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Analysis population
and time point
description

Population; n (number of subjects) and % of the enrolled subjects,
respectively in the Vaccine and the Control Groups:
Other Efficacy Analysis Set (OEAS); n=6793 (99.2%) and n=3397 (99.2%).
Data collected from 28 days after the second dose of vaccine to the end of the
Active Phase i.e., up to 13 months after the third vaccination.

Effect estimate per
comparison

Symptomatic
virologically-confir
med dengue cases
after 2 doses, due
to any of the 4

Comparison groups

Vaccine efficacy:

Vaccine vs. Co&l
57.9%

95%CI:

serotypes 2N
Effect estimate per Symptomatic Comparison groups Vacciﬁla Control
comparison virologically-confir e

med dengue cases | Vaccine efficacy: \J

after 2 doses, due | Serotype 1 Q 56.7%

to each of the 4 Serotype 2 & 37.9%

serotypes Serotype 3 70.7%
Serotype 4 73.6%
95%CI: /O'
Serotype 1 40.9; 68.3
Serotype 2 10.1; 56.9
Serotype 3 47.7; 84.0
Serotype 4 58.7; 83.3

Analysis description

Secondary analysis (4): Seropo

ity against each serotype

Analysis population

and time point
description

(19.3%).

vaccination.

after the third vaccinati

Population; n (number of subjec n
respectively in the Vaccine an
Full Analysis Set for Immupo

Control Groups:
ity (FASI); n=1323 (19.3%) and n=660

% of the enrolled subjects,

Data collected from Day 0O to the end of the Active Phase i.e., up to 13 months
@)ngoing for data up to 5 years after the third

comparison

subjects

o~
Effect estimate per Seropositive Qﬁparison groups Vaccine vs. Control
comparison subjects
(neutralizing Ab % seropositive subject:
titres = 10 (1/dil)), | Serotype 1 52.0% vs. 51.3%
against eac Serotype 2 58.0% vs. 59.3%
serotyp b Serotype 3 56.8% vs. 59.4%
baselinb Serotype 4 51.6% vs. 50.7%
95%CI:
O Serotype 1 (49.3;54.8) vs. (47.4;55.2)
{ Serotype 2 (55.3:60.7) vs. (55.5:63.1)
Serotype 3 (54.1;59.6) vs. (55.5;63.2)
Q Serotype 4 (48.9;54.4) vs. (46.8;54.6)
Effect estimate per Seropositive Comparison groups Vaccine vs. Control
comparison Nsubjects
@ (neutralizing Ab % seropositive subject:
Q titres = 10 (1/dil)) | Serotype 1 94.0% vs. 55.4%
’\ against each Serotype 2 98.7% vs. 61.8%
(J serotype, Serotype 3 97.0% vs. 61.0%
M post-Dose 3 Serotype 4 97.0% vs. 53.9%
N 95%CI:
Serotype 1 (92.6;95.2) vs. (51.5;59.2)
@ Serotype 2 (97.9;99.2) vs. (58.0;65.5)
Serotype 3 (95.9;97.8) vs. (57.2;64.8)
Serotype 4 (95.9;97.8) vs.(50.0,57.7)
ct estimate per Seropositive Comparison groups Vaccine vs. Control
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(neutralizing Ab

% seropositive subject:

titers = 10 (1/dil)) | Serotype 1 74.7% vs. 58.4%
against each Serotype 2 88.2% vs. 67.4%
serotype, 2 years | Serotype 3 87.5% vs. 64.6%
after Dose 3 Serotype 4 83.1% vs. 54.5%
(these data are 95%CI:
based on CSR v. Serotype 1 (72.2;77.1) vs. (5@2.3)
2.0 done in 2015) | Serotype 2 (86.3;89.9) vs. . 1.0)
Serotype 3 (85.5;89.3) vs ;68.3)
Serotype 4 (80.9;85.1) .6;58.5)

Analysis description

Secondary analysis (5): Seropositivity against at Ieas'\eéerotype

Analysis population
and time point
description

Population; n (number of subjects) and % of the enrolle

jects,

respectively in the Vaccine and the Control Groups:

Full Analysis Set for Immunogenicity (FASI); n=13

(19.3%).

Data collected from Day 0 to the end of the Activ
months after the third vaccination; Ongoing for da

third vaccination.

%) and n=660

%e i.,e., ., upto 13

up to 5 years after the

Effect estimate per
comparison

Seropositive
subjects
(neutralizing Ab
titers = 10 (1/dil))
against at least 1

Comparison groups

”b Vaccine vs. Control

s
% seropositive sutﬂé‘&

68.0% vs. 67.4%

95%CI: W

(65.4;70.5) vs. (63.6;70.9)

(neutralizing Ab
titers = 10 (1/dil))
against at least 1

serotype, q

baseline
Effect estimate per Seropositive Comparis oups Vaccine vs. Control
comparison subjects - &

% seere subject:

99.8% vs. 69.1%

956:

(99.5;100.0) vs.
(65.4;72.6)

(th a are
based on CSR v.
ne in 2015)

serotype,

post-Dose 3 0
Effect estimate per Seropositive CBmparison groups Vaccine vs. Control
comparison subjects

(neutralizir:§’{ % seropositive subject: 96.8% vs. 72.8%

titers = 10 (

. 95%CI: (95.7;97.7) vs. (69.2;76.2)

against 1

serotyp@ears

after B 3

Analysis description

ndary analysis (6): Neutralizing antibody level

and time point

description
RS

A
9

&
Analysis population \~Population; n (number of subjects) and % of the enrolled subjects,

respectively in the Vaccine and the Control Groups:
Full Analysis Set for Immunogenicity (FASI); n=1323 (19.3%) and n=660

(19.3%).

Data collected from Day 0 to the end of the Active Phase i.e., ., up to 13
months after the third vaccination; Ongoing for data up to 5 years after the

third vaccination.

Effect jte per Neutralizing Ab Comparison groups Vaccine vs. Control
compasi titers, PRNT-
(1/dil) against GMTs:
each serotype, Serotype 1 38.3 vs. 42.1
baseline Serotype 2 55.3 vs. 62.1
Serotype 3 40.1 vs. 40.7
Serotype 4 25.3 vs. 26.2
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95%CI:

Serotype 1 (33.8;43.5) vs. (35.0;50.6)
Serotype 2 (48.7;62.9) vs. (51.7;74.7)
Serotype 3 (35.6;45.1) vs. (34.5;48.0)
Serotype 4 (22.9;28.0) vs. (22.6;30.3)

Effect estimate per
comparison

Neutralizing Ab Vaccine vs.

titers, PRNT-

Comparison groups

166.0 v @
3550 éas.s
207 OWs#42.5

. 26.0

15

(1/dil) against
each serotype,
post-Dose 3

GMTs:

Serotype 1
Serotype 2
Serotype 3
Serotype 4

95%CI:

Serotype 1
Serotype 2
Serotype 3
Serotype 4

(15 st (38.7;56.1)
32;256) vs. (57.1;82.2)
97926) vs. (36.2;49.9)

Effect estimate per
comparison

Neutralizing Ab
titers, PRNT-

162) vs. (22.6;29.8)
Comparison groups Vaccine vs. Control

753

(l/dil) against GMTs:
each serotype, 2 Serotype 1 k 90.01 vs. 62.47
years after Dose | Serotype 2 150.0 vs. 78.3
3 (these data are | Serotype 3 @ 118.0 vs. 56.0
based on CSR v. Serotype 4 70.0 vs. 30.4
2.0 done in 2015) | 95%CI: %
Serotype 1Q (79.65;102) vs.
Serotyp (51.5;75.6)
Serot (135;166) vs. (65.6;93.3)
Serotyp (106;132) vs. (47.3;66.4)

(64.1;76.5) vs. (26.2:35.2)

Analysis description

against Japanese halitis

Analysis population
and time point
description

Secondary analysis EUescrlptlon of baseline neutralizing Abs
Population; n (numbekof subjects) and % of the enrolled subjects,
respectively in %\/ﬂaccme and the Control Groups:

Full Analysis S mmunogenicity (FASI); n=1323 (19.3%) and n=660
(19.3%). (J

Data col ec@om Day 0 to the end of the Active Phase i.e. up to 13 months
after th@ accination; Ongoing for data up to 5 years after the third

vaccina

Effect estimate per
comparison

L

Base Comparison groups Vaccine vs. Control

g Abs
% seropositive subject: 53.1% vs. 51.7%

95%CI:

ne
t Japanese
@phalms NA

Secondary analysis (8): Efficacy against severe VCD during the Active
Phase

Analysis descripi%~
Analysis populati

and time poin

a :
description o

Full Analysis Set for Efficacy (FASE)
Data collected from Day 0 (first dose) to the end of the Active Phase i.e., up to
13 months after the third vaccination.

Treatment group CYD Dengue Control

Vaccine Group

variabil

Descriptiv kaystics
and estEag\

Number of subject
and % of the
enrolled subjects

6848 (100.0%) | 3424 (100.0%)

%QJ

Virologically 20
confirmed
dengue that
meets 1997
WHO criteria for
DHF due to any of

the four serotypes
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Person-years at
risk

13857

6917

Density incidence
(per 100
person-year at
risk)

<0.1

0.3

95% CI

0.0; 0.1

0.2; 0.4

P

O

R

Effect estimate per
comparison

Secondary
endpoint

Comparison groups

Vaccine VS.’@)

Vaccine efficacy

95%CI

P-value

Descriptive statistics
and estimate

Treatment group

CYD Dengue
Vaccine Group

variability

Number of subject
and % of the
enrolled subjects

6848 (100.0%)

Clinically-severe
virologically-confir
med dengue
(according to
the IDMC
assessment) due
to any of the four
serotypes

Person-years at \.1/3853 6917
risk Q
Density inciden <0.1 0.3
(per 100 &’
person-year
risk) o a

N 0.0; 0.2 0.2; 0.4

95% CI G
P\

Effect estimate per
comparison

Secphdary

en int

Comparison groups

Vaccine vs. Control

N\

Vaccine efficacy

70.0%

~

95%CI

35.7; 86.6

P-value

N/A

Analysis des@m

Secondary analysis (9): Occurrence of hospitalized dengue

Analysis pogulagion

and ti N

Full Analysis Set for Efficacy (FASE)
Data collected from Day 0 (first dose) to 24 months after the third vaccination.

descrip Ongoing for data up to 5 years after the third vaccination.
Descrip. statistics Treatment group CYD Dengue Control

and ate Vaccine Group

\ y Number of subject | 6848 (100.0%) 3424 (100.0%)

and % of the

enrolled subjects
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Virologically 40 61
confirmed
hospitalized
dengue due to any
of the four

serotypes, Active

Phase b
Mean of the 6830 3416

number of @
subjects followed N %
during the years \
included in the {

active phase )
(i.e.,year 1 and

year 2) Q
Annual Incidence 0.3 0.%

rate % ;
«
95% CI 0.2; 0.4 0.

Effect estimate per Secondary Comparison groups k Vaccine vs. Control
comparison endpoint
Relative Risk 0.328
95%CI (\ 7 0.21; 0.50

Descriptive statistics Treatment group CYD D 3 Control
and estimate Vacc@m
variability Number of subject | 6778 (99.0%) 3387 (98.9%)

and % of the

enrolled subjects O

Virologically 27 13

confirmed

hospitalized *

dengue due to 4

of the four 6

serotypes,

Hospita e

Year 3 §

Num 6778 3387

su resent

beginning of
ach period
A al Incidence 0.4 0.4
\~rate %
@ 95% CI 0.3; 0.6 0.2; 0.7
O

Effect estim \NEY Secondary Comparison groups Vaccine vs. Control
comparisen endpoint

b' Relative Risk 1.038

@ 95%CI 0.52; 2.19
@sis description | Exploratory analysis (1): Efficacy according to age

Ahalysis population Population; n (number of subjects) and % of the enrolled subjects,

and time point respectively in the Vaccine and the Control Groups:

description Full Analysis Set for Efficacy (FASE); n=6848 (100.0%) and n=3424
(100.0%).

Data collected from Day 0 (first dose) to the end of the Active Phase i.e., up to
13 months after the third vaccination
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Effect estimate per
comparison

Symptomatic
virologically-confir

Comparison groups

Vaccine vs. Control

med dengue cases

Vaccine efficacy:

according to age

after at least 1 2 to 5 years old 33.7%

dose, due to any 6 to 11 years old 59.5%

of the 4 serotypes | 12 to 14 years old 74.4%
95%CI: b
2 to 5 years old 11.7; 5
6 to 11 years old 48.9; ®
12 to 14 years old 59,2 3

Analysis description | Exploratory analysis (2): Occurrence of hospitalized ué

Analysis population
and time point

Full Analysis Set for Efficacy (FASE)
Data collected from Day 0 (first dose) to 24 months aft

Q.
hird vaccination.

description Ongoing for data up to 5 years after the third vaccin ;
Effect estimate per Virologically Comparison groups Vaccine vs. Control
comparison confirmed
hospitalized Number of cases:
dengue due to any | 2 to 5 years old @ 17 vs. 13
of the four 6 to 11 years old 20 vs. 37
serotypes, Active | 12 to 14 years old k 3vs. 11
Phase Relative Risk:
2 to 5 years old @ 0.651
6 to 11 years 0.271
12 to 14 yeags, | 0.136
95%CI: \d -
2to5y 0.30; 1.46
6 to 1&@0old 0.15; 0.48
12 to 14 “ears old 0.02; 0.51

N\

Effect estimate per Virologically Co rison groups Vaccine vs. Control
comparison confirmed .
hospitalized ber of cases:
dengue due to any 5 years old 15vs. 1
of the four & 6 to 11 years old 10 vs. 8
serotypes, QJ ¥12 to 14 years old 2 vs. 4
Hospital P Relative Risk:
Year 3 2 to 5 years old 7.454
6 to 11 years old 0.627
12 to 14 years old 0.249
O 95%CI:
{ 2 to 5 years old 1.15; 313.80
6 to 11 years old 0.22; 1.83
0 12 to 14 years old 0.02; 1.74
Note: Data for Hospital Phase are to be updated, only Year 3 is available.

Analysis descripti

“Exploratory analysis (3): Efficacy according to baseline serostatus

Analysis populati

and time poin

description \
.

o

Population; n (number of subjects) and % of the enrolled subjects,
respectively in the Vaccine and the Control Groups:

Full Analysis Set for Efficacy (FASE- Subjects included in the immunogenicity
subset); n=1335 (19.53%) and n=664 (19.43%).
Data collected from Day 0 to the end of the Active Phase i.e., up to 13 months
after the third vaccination.

Effecirestifhate per
c§ ison

Symptomatic
virologically-confir

Comparison groups

Vaccine vs. Control

med dengue cases
after at least 1
dose, due to any

Number of cases:

of the 4 serotypes

Dengue immune 18 vs. 34
Dengue non-immune 23 vs. 18
Efficacy:

Dengue immune 74.3%
Dengue non-immune 35.4%
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95%CI:

Dengue immune 53.0; 86.0
Dengue non-immune -27.0; 67.0
Table 14: Summary of Efficacy for trials CYD15 b

Adolescents Aged 9 to 16 years in Latin America
Study identifier CYD15 0,

Clinical Study Report Up to 24 months post-Injection Ngr 1

Hospital Phase) (

Design Randomized, observer-blind, placebo-controlled, multi-cefitre) Phase III trial in
5 countries, involving 20,875 subjects. Multi-centre ucted at 22 sites

across Brazil, Colombia, Honduras, Mexico, and Pu@ (approximately 1

to 9 sites in each country).

Duration of Active phase: 08 June 2011 - | 2014 (ca. 25 months

per subject)

Duration of Hospital phase: 28 May 2013 arch 2015 (ca. 47 months

per subject

Duration of Extension phase: | 2015 - 20 (ongoing)

Study Title: Efficacy and Safety of a Novel Tetravalent Dengue Vaccine in Healthy Childrez

Hypothesis Superiority

Treatments groups CYD Dengue Vaccine group Subj% eceived 3 vaccinations (0, 6 and 12
m f CYD Dengue Vaccine with an
e@ follow-up of 13 months after Dose 3
Q a follow-up for hospitalized dengue cases
0 months after Dose 3. N = 13,917
Control Group ubjects received 3 vaccinations (0, 6 and 12
months) of saline solution (NaCl 0.9%) with an
Q efficacy follow-up of 13 months after Dose 3

and a follow-up for hospitalized dengue cases
N of 60 months after Dose 3. N = 6958
Endpoints and Primary wcy Symptomatic virologically-confirmed dengue
definitions endpoint cases occurring > 28 days after Dose 3
(during the Active Phase) and defined as:

2 \ ¢ Acute febrile illness (temperature = 38°C on

at least 2 consecutive days)
¢ Virologically-confirmed by dengue RT-PCR
and/or dengue NS1 ELISA Ag test

Sec (M/ Efficacy Symptomatic virologically-confirmed dengue
e t cases after the third dose to the end of the
Q Active Phase:

a. due to at least 3 serotypes

cases after at least 1 dose:

¢ a. due to any of the 4 serotypes
(\ b. due to at least 3 serotypes
.

c. due to each of the 4 serotypes
b\ Symptomatic virologically-confirmed dengue

\ b. due to each of the 4 serotypes
@P Symptomatic virologically-confirmed dengue

cases after 2 doses:
a. due to any of the 4 serotypes

@ b. due to at least 3 serotypes
c. due to each of the 4 serotypes
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Secondary
endpoint

Safety

Occurrence of SAEs, including serious
AESIs, in all subjects throughout the entire
study

The following serious AESIs were considered:
e Serious hypersensitivity/allergic reactions

occurring in all subjects within 7 dayssafter
vaccination

e Serious viscerotropic disease o n all
subjects within 30 days after the c ation
e Serious neurotropic dlsease o |ng in all
subjects within 30 days after ccination
¢ Serious dengue dlsease@agnosed by
the Investigator, occurrin subjects at
any time during the stu

Secondary
endpoint in a
subset

Immunogen
icity

t each of the four
parental dengue w% ins of CYD dengue
vaccine constructsE potentially against

Neutralizing Ab level“agai

recently isolated $traifis) were measured at

(N = 2000) baseline, after@ 2, after Dose 3, and 1, 2,
3, 4 and 5 years\after Dose 3 (dengue
neutralizati@n assay). In addition, baseline
neutralizi s against YF were described.

Secondary Reactogenic | ¢ unsoliGi systemic AEs reported in the 30

endpoint in a
subset

(N = 2000)

ity

er each dose
site reactions occurring up to 7 days

o
a%a dose
icited systemic reactions occurring up to

days after each dose

Ne unsolicited (spontaneously reported) AEs up
to 28 days after each dose.

e non-serious AESIs occurring up to 7 days
after each dose.

min

Other
endpoint

Dengue cases during the active phase

* Virologically confirmed dengue that meets
1997 WHO criteria for DHF due to any of the
four serotypes after each dose.

* clinically-severe virologically-confirmed
dengue cases due to any of the four serotypes
after each dose.

* virologically-confirmed hospitalized dengue
cases due to each or any of the 4 serotypes.

* Symptomatic virologically-confirmed dengue
cases due to each or any of the 4 serotypes
between each doses

ther Efficacy Dengue cases during the hospital phase
@Pendpoint « virologically-confirmed hospitalized dengue
Q cases.
'\ Other Immunogen | Serological profile of suspected dengue cases
C ) endpoint icity
’\\J Other Safety Dengue viremia
b endpoint * WT dengue strain viremia level in acute
samples of virologically confirmed dengue
) cases.
Other Efficacy Relationship Between Neutralizing Ab Level
endpoint Immunogen | and Vaccine Efficacy
icity * relationship between post-Dose 3

neutralizing Ab level and the subsequent

occurrence of symptomatic dengue cases.
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Medical and Non-Medical Resource Utilization
Related to Dengue Disease
* level of medical and non-medical resource

Other
endpoint

Database lock

utilization linked to hospitalized and

Results and Analysis

ambulatory confirmed dengue cases.
:Q/
L 4

Analysis description

Primary Analysis

Analysis population
and time point
description

Database lock for the Active Phase: 22 July 2014
Database lock for the Hospital Phase Year 1: 19 June 2015
sy
the end of the

Per Protocol Analysis Set for Efficacy
Data collected from 28 days after the third dose of vacci

Active Phase i.e., up to 13 months after the third v nation.

Descriptive statistics
and estimate

variability

Treatment group CYD Dengue Cont%

Vaccine Group o
Number of 12574 6
subject y m
symptomatic 176
virologically-confi
rmed dengue {
cases post-dose @
3 due to any of
the 4 serotypes .
Person-years at 11792 ’ 5809
risk

NO)

Density incidence 15, 3.8
(%) )
95% CI Q\h.d; 1.7 3.3; 4.3

Effect estimate per
comparison

Primary endpoi Comparison groups Vaccine vs. Control

-
(J Vaccine efficacy 60.8
0 95%CI 52.0; 68.0
b P-value The vaccine efficacy is

considered as significant if
the lower bound of its 95%
CI (exact method described

Q{ by Breslow & Day) is
greater than 25%.

Analysis descriptiofy|

~Sec'ondary analysis (1): Efficacy against each serotype after 3 doses

Analysis populatiod’
and time point

description ‘\Q
.

2>

Population; n (number of subjects) and % of the enrolled subjects,
respectively in the Vaccine and the Control Groups:

Modified Full Analysis Set for Efficacy (mFASE); n=13288 (95.5%) and
n=6643 (95.6%).

Data collected from 28 days after the third dose of vaccine to the end of the
Active Phase i.e., up to 13 months after the third vaccination.

Effect e@te per

com on

Symptomatic Comparison groups Vaccine vs. Control
virologically-confir

med dengue cases | Vaccine efficacy:

post-dose 3, due Serotype 1 50.3%
to each of the 4 Serotype 2 42.3%
serotypes Serotype 3 74.0%

Serotype 4 77.7%
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95%CI:

Serotype 1 29.1; 65.2
Serotype 2 14.0; 61.1
Serotype 3 61.9; 82.4
Serotype 4 60.2; 88.0

Analysis description

Secondary analysis (2): Efficacy after at least 1 dose

Analysis population
and time point

N
cts

GQJU

Population; n (number of subjects) and % of the enrolled subje
respectively in the Vaccine and the Control Groups:

description Full Analysis Set for Efficacy (FASE); n=13914 (100.0%) and
(99.9%). .
Data collected from Day 0 (first dose) to the end of the Activ, ei.e., up to
13 months after the third vaccination P
Effect estimate per Symptomatic Comparison groups Vadcing vs. Control
comparison virologically-confir
med dengue cases | Vaccine efficacy: N 64.7%
afteratleast 1 gsoecr: 58.7; 69.8

dose, due to any
of the 4 serotypes

O

Effect estimate per
comparison

Symptomatic
virologically-confir

Comparison groups ”b Vaccine vs. Control

y 4

med dengue cases | Vaccine efficacy:

after at least 1 Serotype 1 @ 54.8%

dose, due to each | Serotype 2 50.2%

of the 4 serotypes | Serotype 3 Q 74.2%
Serotype 4 80.9%
95%CI: Q‘
Serot e@ 40.2; 65.9
Serot& 31.8; 63.6
Serotype 63.9; 81.7
Se e4 70.9; 87.7

Analysis description

Secondary analysi fficacy after 2 doses

Analysis population
and time point
description

Population; n (numb f subjects) and % of the enrolled subjects,
respectively in &/gaccine and the Control Groups:
Other Efficacyg is Set (OEAS); n=13506 (97.0%) and n=6765 (97.4%).

Active Phase , up to 13 months after the third vaccination.

Effect estimate per

Data coIIect§ oph 28 days after the second dose of vaccine to the end of the

Comparison groups Vaccine vs. Control

Sympto I
comparison virologi onfir
med g e cases | Vaccine efficacy: 61.9%
?ft o fﬁes’f”e 95%CI: 54.7; 68.0
eradtypes
Effect estimate per ptomatic Comparison groups Vaccine vs. Control
comparison \ virologically-confir
@“med dengue cases | Vaccine efficacy:
after 2 doses, due | Serotype 1 50.8%
. Q to each of the 4 Serotype 2 45.7%
\ serotypes Serotype 3 73.3%
. (J Serotype 4 81.9%
\ 95%CI:
b Serotype 1 33.0; 63.9
Serotype 2 23.2; 61.6
@ Serotype 3 61.9; 81.4
\ Serotype 4 69.4; 89.8

Secondary analysis (4): Seropositivity against each serotype
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Analysis population
and time point
description

Population; n (number of subjects) and % of the enrolled subjects,

respectively in the Vaccine and the Control Groups:

Full Analysis Set for Immunogenicity (FASI); n=1301 (9.3%) and n=643

(9.3%).

Data collected from Day 0 to the end of the Active Phase i.e., up to 13 months

after the third vaccination; Ongoing for data up to 5 years after the

ird
vaccination. §
Effect estimate per Seropositive Comparison groups Vaccine vs.
comparison subjects AQ ]l

(neutralizing Ab

% seropostive subject:

titers = 10 (1/dil)) | Serotype 1 72.80/'\ 0.5%
against each Serotype 2 76.1% vs. 73.8%
serotype, Serotype 3 s. 73.6%
baseline Serotype 4 vs. 65.0%
95%CI:
Serotype 1 (’%5.2) vs. (66.8:74.0)
Serotype 2 .6,78.4) vs. (70.2;77.1)
Serotype 3 @1;78.8) vs. (70.0;76.9)
Serotype 4 f)} 5.6;70.8) vs. (61.2;68.7)
Effect estimate per Seropositive Comparison groups \ Vaccine vs. Control
comparison subjects &
(neutralizing Ab % seropostive subjegt®
titers = 10 (1/dil)) | Serotype 1 % 94.9% vs. 74.2%
against each Serotype 2 98.5% vs. 77.2%
serotype, Serotype 3 98.4% vs. 78.0%
post-Dose 3 Serotype 4 98.1% vs. 68.9%
95%Cl: N
Serot{pe (93.5;96.0) vs. (70.6;77.6)
Serotyp (97.7;99.1) vs. (73.7;80.4)
Se e3 (97.5;99.0) vs. (74.6;81.1)
Se e4 (97.2;98.8) vs. (65.2;72.5)
Effect estimate per Seropositive parison groups Vaccine vs. Control
comparison subjects
(neutralizing At& % seropostive subject:
titers = 10 (1/g#)WSerotype 1 83.9% vs. 75.8%
against eac CJ Serotype 2 93.8% vs. 81.3%
serotyp %rs Serotype 3 94.7% vs. 80.6%
after D Serotype 4 94.3% vs. 72.5%
(these d e 95%CI:
based SR v. Serotype 1 (81.8;86.0) vs. (72.2;79.1)
2.0{ ein 2015) Serotype 2 (92.3;95.1) vs. (78.0;84.4)
Serotype 3 (93.3;95.9) vs. (77.3;83.7)
0 Serotype 4 (92.8,95.5) vs. (68.8;76.0)

Analysis descripti

S&€ondary analysis (5): Seropositivity against at least one serotype

Analysis populatio
and time point

description Qm
C
N

*

S
%opulation; n (number of subjects) and % of the enrolled subjects,
respectively in the Vaccine and the Control Groups:

Full Analysis Set for Immunogenicity (FASI); n=1301 (9.3%) and n=643

(9.3%).

Data collected from Day 0 to the end of the Active Phase i.e., up to 13 months
after the third vaccination; Ongoing for data up to 5 years after the third

vaccination.
Effect e te per Seropositive Comparison groups Vaccine vs. Control
com n subjects

(neutralizing Ab

% seropostive subject:

80.6% vs. 77.2%

titers = 10 (1/dil))
against at least 1

95%CI:

(78.4;82.7) vs. (73.8;80.4)

serotype,

baseline
Effect estimate per Seropositive Comparison groups Vaccine vs. Control
comparison subjects
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(neutralizing Ab
titers = 10 (1/dil))
against at least 1

% seropostive subject:

99.8% vs. 84.1%

95%CI:

(99.3;100.0) vs.

(neutralizing Ab
titers = 10 (1/dil))
against at least 1
serotype, 2 years
after Dose 3
(these data are
based on CSR v.
2.0 done in 2015)

% seropostive subject:

(81.0;86.8)
serotype,
post-Dose 3
Effect estimate per Seropositive Comparison groups Vaccine vs. Cofirol
comparison subjects §

99.3% vs.

95%CI:

Analysis description

Secondary analysis (6): Neutralizing antibo

Analysis population
and time point
description

(9.3%).
Data collected from
after the third vacci

Population; n (number of subjects) and % of th
respectively in the Vaccine and the Control G
Full Analysis Set for Immunogenicity (FASI); n

Day 0 to the end of
nation; Ongoing fo

lled subjects,

301 (9.3%) and n=643

tive Phase i.e., up to 13 months
up to 5 years after the third

vaccination.
Effect estimate per Neutralizing Ab Comparison Vaccine vs. Control
comparison titers, PRNT- A

(l/dil) against GMTs: N
each serotype, Serot eO 128 vs. 119
baseline Serotyp 138 vs. 115
Se e3 121 vs. 114
Se e4 43.6 vs. 39.0
CI:
otype 1 (112;145) vs. (98.7;142)
& Serotype 2 (123;156) vs. (97.2;136)
¥Serotype 3 (108;136) vs. (95.9;136)
(J Serotype 4 (39.6:48.0) vs.(33.9;44.7)

Effect estimate per

Neutrali in@
titers, P -

Comparison groups

Vaccine vs. Control

comparison
(l/dil) a GMTs:
each ype, Serotype 1 395 vs. 121
post- e3 Serotype 2 574 vs. 129
( Serotype 3 508 vs. 124
Serotype 4 241 vs. 44.3
95%CI:
\~ Serotype 1 (353;441) vs. (101;145)
/O Serotype 2 (528;624) vs. (109;152)
Serotype 3 (465;555) vs. (105;147)
* (\ Serotype 4 (226; 258) vs. (38.6;50.8)
Effect estim et Neutralizing Ab Comparison groups Vaccine vs. Control
comparisen titers, PRNT-
\ (I/dil) against GMTs:
b each serotype, 2 Serotype 1 209 vs. 142
years after Dose | Serotype 2 340 vs. 173
@ 3 (these data are Serotype 3 302 vs. 170
based on CSR v. Serotype 4 138 vs. 56.5
2.0 done in 2015) | 95%CL:
Serotype 1 (185;237) vs. (118;171)
Serotype 2 (308;375) vs. (146;205)
Serotype 3 (274;334) vs. (142;203)
Serotype 4 (128;149) vs. (48.7;65.5)
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Analysis description

Secondary analysis (7): Description of baseline neutralizing Abs
against Yellow Fever.

Analysis population
and time point
description

Population; n (number of subjects) and % of the enrolled subjects,
respectively in the Vaccine and the Control Groups:

Full Analysis Set for Immunogenicity (FASI); n=1301 (9.3%) and n=643
(9.3%).

Data collected from Day 0 to the end of the Active Phase i.e., up to lﬁwths
after the third vaccination; Ongoing for data up to 5 years after t
vaccination.

2

Effect estimate per
comparison

Baseline
neutralizing Abs

Comparison groups

Vaccing \%ontrol
y 2

against Yellow % seropostive subject: 80.1%, vs. 79.0%

Fever

95%CI: C) NA

Analysis description

Secondary analysis (8): Efficacy against sever@logically
confirmed dengue during the Active Phase

2

Analysis population
and time point
description

Full Analysis Set for Efficacy (FASE)
Data collected from Day 0 (first dose) to the end e Active Phase i.e., up to
13 months after the third vaccination.

Descriptive statistics Treatment group CYD Dengue Comwtrol
and estimate Vaccine Group
variability Number of subject 13914 6940

and % of the (100.0%) (99.9%)

enrolled subjects {~

Virologically 1 \-b 10

confirmed Q

dengue that O

meets 1997 \

WHO criteria for

DHF due to any of

the four serotypes O

Person-years at Q 27094 13519

risk

Density incideé’ <0.1 <0.1

(per 100

person-yeag a

Lrisk)
95% CI 0.0; 0.0 0.0; 0.1
O
Effect estimate per Setendary Comparison groups Vaccine vs. Control
comparison int
Vaccine efficacy 95.0%
\~ 95%CI 64.9; 99.9
@ P-value no hypothesis was tested
R Q for secondary or other
R objectives

Descriptixg‘gap?tics Treatment group CYD Dengue Control
and esti Vaccine Group
variabil& Number of subject 13914 6940

and % of the (100.0%) (99.9%)

yi enrolled subjects
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Clinically-severe 1 11
virologically-confir
med dengue
(according to
the IDMC
assessment) due
to any of the four b
serotypes Ve
Person-years at 27094 13519 W
risk *
£\
Density incidence <0.1 <0.1 \ -
(per 100 ()
person-year at
risk) A
95% CI 0.0; 0.0 0.0; d%gl‘
a
Effect estimate per Secondary Comparison groups " Vaccine vs. Control
comparison endpoint
Vaccine efficacy ( 95.5%
95%CI Q'\ 68.8; 99.9
P-value no hypothesis was tested
Q for secondary or other
objectives

Analysis description | Secondary analysis (9): OCHQCG of hospitalized dengue

Analysis population Full Analysis Set for Efficacin(PASE)

and time point Data collected from Day 0 (firsttdose) to 24 months after the third vaccination.
description Ongoing for data up to 5Vears after the third vaccination.
Descriptive statistics Treatment group engue Control
and estimate mcine Group
variability Number of subject | ™ 13915 6939
and % of the (100.0%) (99.9%)
enrolled subjetfs N 4
Virologically 4 N’ 17 43
confirm 0
hospitali

dengue 0 any
of the€ four
se, Active

' of the 13719 6844
number of

hsubjects followed

. Annual Incidence <0.1 0.3

@ during the years of
Q the active phase

\ rate %
‘\CJ 95% CI 0.0; 0.1 0.2: 0.4

Effe ate per Secondary Comparison groups Vaccine vs. Control
C ison endpoint
Relative Risk 0.197
95%CI 0.11; 0.35
Descriptive statistics Treatment group CYD Dengue Control
and estimate Vaccine Group
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variability

Number of subject
and % of the
enrolled subjects

13915
(100.0%)

6939
(99.9%)

Virologically
confirmed
hospitalized
dengue due to any
of the four
serotypes,
Hospital Phase
Year 3

16

15

Number of
subjects present
at the beginning of
each period

13268

Annual Incidence
rate %

0.1

95% CI

0.1; 0.2 (%itr

Effect estimate per
comparison

Secondary
endpoint

Comparison groups k
7>

Vaccine vs. Control

Relative Risk
elative Ris AW

0.533

95%CI

0.25; 1.16

Note:

y - N
ata ror nospita ase are to pdated, only Year IS currently avallabple.
Data for Hospital Ph to b&updated, only Year 3 i tl ilabl

Analysis description

Exploratory analysis (lk@cy according to age

Analysis population
and time point
description

Population; n (number of subjects) and % of the enrolled subjects,
respectively in the Vacc'@and the Control Groups:

Full Analysis Set for Effi

(99.9%).
Data collected from

(FASE); n=13914 (100.0%) and n=6940

0 (first dose) to the end of the Active Phase i.e., up to

Effect estimate per
comparison

13 months aftewa third vaccination

Symptomatic ¥Comparison groups Vaccine vs. Control
virologically-, (QJ
med deng%es Vaccine efficacy:
after at 9 to 11 years old 61.7%
dose, d any 12 to 16 years old 67.6%
of th@erotypes 95%CI:

k 9 to 11 years old 52.3; 69.3

12 to 16 years old 59.3; 74.3

Analysis description
«

Qoratory analysis (2): Occurrence of hospitalized dengue

acéording to age

Analysis population _ N
and time point

description PN

Full Analysis Set for Efficacy (FASE)
Data collected from Day 0 (first dose) to 24 months after the third vaccination.
Ongoing for data up to 5 years after the third vaccination.

Effect estimat ’ﬁq‘ Virologically Comparison groups Vaccine vs. Control
comparison K confirmed
S (J hospitalized Number of cases:
\ dengue due to any | 9 to 11 years old 8 vs. 22
b of the four 12 to 16 years old 9vs. 21
serotypes, Active | Relative Risk:
@ Phase 9 to 11 years old 0.181
12 to 16 years old 0.214
95%CI:
9 to 11 years old 0.07; 0.42
12 to 16 years old 0.09; 0.49

Effect estimate per

comparison

Virologically

confirmed

Comparison groups

Vaccine vs. Control
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hospitalized Number of cases:
dengue due to any | 9 to 11 years old 10 vs. 9
of the four 12 to 16 years old 6 vs. 6
serotypes, Relative Risk:
Hospital Phase, 9 to 11 years old 0.554
Year 3 12 to 16 years old 0.501
95%CI: b
9 to 11 years old 0.20; 1
12 to 16 years old 0.13;}@. Z
Note: Data for Hospital Phase are to be updated, only Year 3 is avaﬂ
Analysis description | Exploratory analysis (3): Efficacy according to baselif@e?ostatus
Analysis population Population; n (number of subjects) and % of the enrolle ?ects,
and time point respectively in the Vaccine and the Control Groups:
description Full Analysis Set for Efficacy (FASE - subjects in the m@ogenicity dataset);
n=1301 (9.3%) and n=643 (9.3%).

Data collected from Day 0 to the end of the Active i.e., up to 13 months
after the third vaccination; Ongoing for data up ears after the third

vaccination. @
Effect estimate per Symptomatic Comparison groups ¢ Vaccine vs. Control
comparison virologically-confir
med dengue cases | Number of cases:
after at least 1 Dengue immune 8 vs. 23
dose, due to any Dengue non-i e 9vs. 9
of the 4 serotypes | Efficacy:
Dengue im@nlb 83.7%
Dengue pBGhgimmune 43.2%
95%Cl, \./
Dengue imamune 62.0; 94.0
Depgue non-immune -62.0; 80.0

2.5.3. Analysis performed acr trials (pooled analyses and meta-analysis)

The three efficacy studies CYD14, CYD gﬂj CYD23 were each statistically powered to demonstrate
efficacy. This complies with the F g@ine that recommends securing conclusions based on at least 2
persuasive studies. In addition to sults presented above for each individual study, a meta-analysis
was performed on the efficacy IS to summarize the overall efficacy of the CYD dengue vaccine
evaluated in different settingg!

This Integrated Efficacy A is (IEA) was performed for the following purposes:
e To improve theNgrecision of the estimates for specific endpoints and analyses:

1. VE for@@lly severe VCD cases

L 4
2.V k D cases that meets WHO criteria for dengue haemorrhagic fever (DHF)

‘K r hospitalized VCD cases
by serotype
§z€ assess the impact of some covariates (age, gender, dengue status at baseline, etc...) on the

VE; especially when the covariate is assessed in a subpopulation (dengue immune status
assessed in the immunogenicity subset).
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Comparison and Analyses of Efficacy Results Across Studies

The integrated results of efficacy are presented first by the individual VE estimates for the 2 pivotal
efficacy studies CYD14 and CYD15, supporting the vaccine efficacy claim. Then, the integrated VE

estimate from the meta-analysis on CYD14 + CYD15 is provided as supportive data to provide a
estimate with more precision, which is important for exploratory endpoints. Potential heterog
between the 2 studies, i.e. p value < 10%, is discussed on a case-by-case basis, consideri

aspects as well as clinical significance. c

overall

2 4
Finally, the individual VE estimate for the proof-of-concept study CYD23 and the sensiti m alysis of the

integrated estimate from a meta-analysis on CYD14 + CYD15 + CYD23 are provide upportive data.
The following five points are evaluated: Q
1. The study populations for efficacy analysis in terms of demographicchteristics;
2. Disposition of subjects and baseline FV/dengue immune status; 0
3. Comparison of Efficacy Results of all Studies: main, secondary and other objectives of VE;
4. The impact of covariates; é

5. A focus on the subset of subjects from the claimed po ion in the indication where VE after 3
injections of the CYD dengue vaccine administered s apart was collected, i.e. in subjects

from 9 to 16 years as per efficacy studies desigb

Demographic Characteristics

The demographic characteristics of subjects in allgysis sets in the efficacy studies are presented in
Table 15:

Table 15: Demographics at baseline, %}\alysis sets

CYD Dengue VW Control
(N=23 (N=11706)
Children Children  Adolescents Children Children  Adolescents
Analysi Male Mean Age 6-11 years  12-16 years Male Mean Age  2-5 years 6-11 years  12-16 years
s Set Studies n (%) (years) n (%) n (%) n (%) (years) n (%) n (%) n (%)
PPSE CYDI4 3252 (48.5) 58 1) 3567 (53.2) 1527 (22.8) 1623 (48.4) 88 795(23.7) 1793(535) 762 (22.7)
CYDIS 6253 (49.7) 124 5770 (45.9) 6803 (54.1) 3105 (49.6) 124 0(0.0) 2860 (45.7) 3401 (54.3)
CYD14+CYDIS 9505 (49.3) 11. 15(84) 9338 (48.4) 8330(43.2) 4728 (492) 112 795 (8.3) 4653 (48.4) 4163 (433)
CYD23 1187 (48.4) 3(18.1) 2009 (81.9) 0(0.0) 583 (47.7) 82 209(17.1) 1012 (82.9) 0(0.0)
CYDI14+CYDI5+CYD23 10692 (49.2) 8 058 (9.5) 11346 (52.2) 8330(383) 5311 (49.0) 10.8 1004(93)  5665(523) 4163 (384)
mFASE CYD14 3287 (48.5) 1632(24.1) 3599 (53.1) 1541(228) 1637(48.4) 8.8 810(24.0) 1803(534) 766(22.7)
CYD15 6598 (49.“ 0(0.0) 6084 (45.8) 7204 (54.2) 3281 (494) 124 0(0.0) 3031(45.6) 3612 (54.4)
CYD14+CYDI15 9885 (49. m2 1632 (8.1) 9683 (48.3) 8745(43.6) 4918 (49.1) 112 810 (8.1) 4834 (48.2) 4378 (43.7)
CYD23 1236 (48,3)‘2 463 (18.1) 2094 (81.9) 0(0.0) 610 (47.6) 82 219(17.1) 1063 (82.9) 0(0.0)
CYD14+CYDIS+CYD23 1 (49.2) .9 2095(9.3) 11777(52.1) 8745(38.7) 5528 (48.9) 10.9 1029 (9.1) 5897 (522) 4378 (38.7)
FASE CYDI14 332 ) 38 1655 (242) 3638 (53.1) 1555 (22.7) 1657 (48.4) 8.8 826 (24.1) 1824 (533) 774 (226)
CYDI5 (490 12.5 0(00)  6305(453) 7609 (54.7) 3412(49.2) 125 0(0.0) 3146 (453) 3794 (54.7)
CYD14+CYDIS 0, 1) 113 1655 (8.0) 9943 (47.9) 9164 (44.1) 5069 (48.9) 113 826 (8.0) 4970 (48.0) 4568 (44.1)
CYD23 1 8.4) 82 482 (18.1) 2184 (81.9) 0(0.0) 635 (47.7) 82 230(17.3)  1101(82.7) 0(0.0)
CYDI14+CYD15+C (49.0) 109 2137(9.1) 12127 (51.8) 9164 (39.1) 5704 (45.8) 10.9 1056 (9.0)  6071(519) 4568 (39.1)
FASI CYDI4 * 2(493) 86 455 (344) 468(354) 400 (302) 310 (47.0) 36 223(338) 238(36.1) 199(302)
631 (48.5) 123 0(0.0) 643 (49.4) 658 (50.6) 339 (52.7) 124 0(0.0) 324 (504)  319(49.6)
1283 (48.9) 10.4 455 (17.3)  1111(423) 1058 (403) 649 (49.8) 10.5 223(17.1)  562(43.1) 518(39.8)
84 (42.6) 83 26(13.2) 171 (86.8) 0(0.0) 46 (46.5) 8.1 14 (141) 85(85.9) 0(0.0)
1367 (48.5) 10.3 481 (17.1) 1282 (45.4) 1058 (37.5) 695 (49.6) 10.3 237 (16.9) 647 (46.1)  518(36.9)

and FASE showed a higher proportion of children aged 6 to 11 years (approximately 53%)
compared with children aged 2 to 5 years and adolescents aged 12 to 14 years (approximately 24% and
23%, respectively). In CYD15 the age distribution in the PPSE, mFASE and FASE showed a higher
proportion of adolescent (approx. 55%) compared with children 6 to 11 years (approx. 45%). In the FASI,
age distribution was quite homogeneous for both studies.
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The disposition of subjects in the various analysis sets used for efficacy in CYD14, CYD15 and CYD23 are
presented in Table 16 in randomized subjects.

Table 16: Efficacy analysis sets by randomised group- randomised subjects

CYD Dengue Vaccine Control

PPSE FASE mFASE FASI PPSE FASE mFASE FASI
Studies N n(%) n (%) n (%) n (%) N n (%) n (%) n (%) n (%)
CYD14 6851  6709(97.9) 6848 (100.0)  6772(98.8) 1323(193) 3424  3350(97.8) 3424(1000) 3379(98.7)  660(19.3)
CYD15 13920 12573(30.3)  13914(100.0) 13288(95.5)  1301(93) 6949  6261(30.1) 6940 (99.9) 6643 (95.6) 643 (9.3) @
CYD14+CYDI5 20771  19282(92.8) 20762 (100.0) 20060 (96.6) 2624 (12.6) 10373 9611(927) 10364(999) 10022(%6.6) 1303 (12
CYD23 2669 2452(91.9) 2666(99.9)  2557(95.8)  197(74) 1333  1221(91.6) 1331(99.8)  1282(96.2) 97 4%
CYD14+CYDIS+CYD23 23440 21734(92.7)  23428(99.9)  22617(965) 2821(12.0) 11706 10832 (92.5) 11695 (99.5) 11304 (96.6) 1402

n: number of subjects fulfilling the item listed

In both pivotal studies, almost all randomized subjects received at least one injec
dengue vaccine or the control. In the Dengue Group, the FASE represented 6

and 13,914 subjects from CYD15.

for CYD14 and near 95.5% for CYD15.

The different populations highlight a high compliance to the vacci
subjects receiving 3 injections of either the CYD dengue vacci

FASI was high, with 1323/1336 subjects included in CYD14

Overall compliance was good in all efficacy studies, and

receipt of the CYD dengue vaccine or placebo. The g&gj

requirements. Therefore, in these two studies, the PPS
terms of interpretation of results.

The dengue and other FV immune status at b@ of subjects from the immunogenicity subset in

X

The PPSE included 6709 subjects from CYD14 and 12,573 subjects from 0&
representing a 97.9% and 90.3% compliance to the protocol, respectiv

%

e

f either the CYD
jects from CYD14

in the Dengue Group,
he mFASE was near 99.0%

schedule, with more than 95% of
control. Again, compliance in the

1/1334 subjects included in CYD15.

lysis sets remained within the 2:1 ratio for

jority of subjects fulfilled the Per-Protocol
d mFASE populations are almost equivalent in

CYD14, CYD15 and CYD23 are presented4@Table 17. In AP endemic regions, i.e. CYD14 and CYD23, JE
was tested at baseline; in LatAm endemi€ regfons, i.e. CYD15, YF was tested at baseline.

Table 17: Baseline Flavivirus mzj status — Subset - FASI
C I3

ngue Vaccine Control Group
Dengue /YF* Flavivirus Dengue Dengue JE/YF* Flavivirus
Non immu gue immune Immune Immune Non immune immune Immune Immune
Studies n/M ( /M (%) /M (%) n/M (%) N /M (%) n/M (%) n/M (%) /M (%)
CYD14 1323 419/ 13 896/1315 702/1319 1042/1317 660 212/656 444/656 341/658 509/657
(68.1) (53.2) (79.1) (32.3) (67.7) (51.8) (77.5)
CYDI15 1301 1048/1299 1042/1295 1128/1299 643 145/640 495/640 508/638 543/639
(19 (80.7) (80.5) (86.8) 22.7) (77.3) (79.6) (85.0)
CYD14+CYD15 2624 670/2614 1944/2614 1744/2614 2170/2616 1303 357/1296 936/1296 849/1296 1052/1296
(25.6) (74.4) (66.7) (83.0) (27.5) (72.5) (65.5) (81.2)
CYD23 59/197 138/197 157/197 179/197 99 31/99 68/99 77/98 91/99
(29.9) (70.1) (79.7) (90.9) (31.3) (68.7) (78.6) (91.9)
CYD14+CYD15+C 729/2811 2082/2811 1901/2811 2349/2813 1402 388/1395 1007/1395 926/1394 1143/1395
(25.9) (74.1) (67.6) (83.5) (27.8) (72.2) (66.4) (81.9)

IE: Japanese Enc ahtls : Yellow Fever. FV: Flavivirus.
* JE assessed sia Pacific studies, YF assessed in endemic Latin America studies

Migd as subjects with titers at baseline for the 4 serotypes <LLOQ.

Baseline fla mune subjects are defined as those subjects with titers = LLOQ (1/d1l) against at least one dengue serotype, or JE, or YF at baseline

indetermuned baseline status (no titer > LLOQ and at least one missing titer) are excluded

Subjec
1; u:r@:bjects fulfilling the item listed. For Serotype 1 to 4, number of subjects with titers = LLOQ (L.e. 10) (1/dil) against this dengue serotype at baseline

subjects with available data
W says are Dengue PRNT, PRINT for JE, and PRNT for YF

v e&cts at baseline are defined as those subjects with titers = LLOQ (1.e. 10) (1/dil) against at least one dengue serotype at baseline. Dengue non-immune subjects at

In CYD14 Dengue Group, 68.1% of subjects were dengue immune at baseline and 53.2% of subjects

were JE immune at baseline. In CYD15 Dengue Group, 80.7% of subjects were dengue immune at
baseline and 80.5% of subjects were YF immune at baseline. This result reflects the older age group
recruited in CYD15 and the different regional epidemiology in LatAm versus Asia. The proportions of FV
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and dengue immune subjects at baseline were high for all efficacy studies. In each of the trials, subjects
from the Dengue Group and from the Control Group had comparable baseline immune status.

Dengue Cases in the Control Group

Dengue cases reported in the Control Group are presented to reflect the epidemiology in the tion
over the course of the study in the absence of the CYD dengue vaccine. The density incidence mber
of VCD cases and the serotype distribution in the Control Group in the 3 efficacy studies, the PD3
period (MFASE) and during the whole active phase (FASE) are described below. In addit&ion#the

distribution of each of the 4 serotypes for all VCD cases occurring in the Control Grou&presented both

during the PD3 and the whole Active Phase periods in Table 18 and Figure 7. O
Table 18: Density incidence, number of VCD cases and serotype distri ion in the Control
Group - various analysis sets
=
CYDI14 CYDI5 YP23
Period and population  PD3 whole Active  PD3 whale Active PD3 whole Active
(mFASE) Phase (mFASE) Phase (mFASE) Phase
(FASE) (FASE) (FASE)
Density incidence* 41 47 38 29 zz' 22
(95% CI) (any (3.5:49) (4252 (34:43) (26:32) 8:36) (1.7:2.8)
serotype) in Controls
Dengue episades (any 135 319 236 388 AS 62
serotype) in Controls
(m) N
Serotype distribution \v

in Controls (Subjects

with at least one VCD O
cases)
Serotype 1 50 126 GQ 109 10 18
Serotype 2 29 74 50 84 19 27
Serotype 3 23 43 @ 106

N
Serotype 4 34 72 UU 83 4 5
Unserotyped 3 8 N 2 3 14 0

* Density mcidence: cases per 100 person-y atFisk

During the conduct of the Activ@ase, the dengue incidence in the control group was higher than
incidence rates reported by t% sive surveillance systems in the municipalities where the studies were

for the sample size calculation:

conducted and which werq
e InCYD14 the%qcidence in the control group was 4.7% during the whole Active Phase versus 1.3%
used to esti he sample size of the study.

e 1In CYQl@incidence in the control group was 2.9% during the whole Active Phase versus
to estimate the sample size of the study.

0.64% b;g
>
<Q
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Figure 7: Distribution of each of the 4 serotypes in all VCD cases in the Control Group - mFASE
for PD3 and FASE for whole Active Phase

110%
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30% \
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10%
: O

CYD14 CYD1sS CyD23 CYD14 CYD15 CYD23

PD3 whole Active Phase Q
WDENV-1 mDENV-2 DENV-3 ®DENV-4  mUnserotyped &

Overall, the efficacy studies cover various epidemiological settings in diffe endemic regions, with

different density incidences. In the 2 pivotal efficacy studies, each of t@erotypes is represented in
sufficient proportions, making it possible to assess VE against any aQeach of these 4 serotypes.

Primary Objective: VE against symptomatic VCD by any setotype in the PD3 period

VE against VCD cases PD3 due to any of the 4 serotypesint s presented in the next Figure 8. This
analysis is based on the number of cases, defined as the ntgnber of subjects with at least one
symptomatic VCD episode from 28 days post-injecti\ he end of the Active Phase.

icV

Figure 8: Forrest plot for VE against symptomat D cases PD3 due to any of the 4 serotypes

- PPSE
Q P-value for
CYD Vaccine Flacebo Vaccine Efficacy group by siudy
Study Group Group 195% Cly interaction
CYD14 11706708  133/3350 — 56.5(43.8; 66.4)

CYD15 17612573 221/5261 b o 60.8 (5Z.0; 68.0)
CYD144CYD15 @ e 50.2(52.3; 65.0) 0.5232

CYD23 AHK ;2 b 30.2(-13.4.56.6)

3281
CYD14+CYD1 SMMQ [E— 56.8 (50.0; 62.7) 0.0737

T T
-0 -20-10 © 10 20 20 40 &0 G0 70 80 80 100

* Q Vaccine Efficacy
The " number of subjects with a symptomatic VCD episode in the considered period. The denominator
15 the nu 1bjects. VE of a study 1s calculated using density mcidence: cases per 100 person-years at risk.
CIs are calculated using Cox regression model.

e In CYD14, the VE estimates against VCD cases due to any serotype in the PD3 period was 56.5%
(95% CI: 43.8; 66.4), with the lower bound of the 95% CI above 25%, thereby reaching the
primary objective.
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e In CYD15, the VE estimates against VCD cases due to any serotype in the PD3 period was 60.8%
(95% CI: 52.0; 68.0), with the lower bound of the 95% CI above 25%, thereby reaching the
primary objective.

The 2 pivotal efficacy studies had consistent results with a heterogeneity test of 0.5235, i.e. pgvalue
>10%.

The pooled analysis of CYD14 + CYD15 VE estimate against VCD cases due to any serotype@59.2%,
with a 95% CI of 52.3-65.0. Results were confirmed in the mFASE for individual studigs @the pooled

meta-analysis. \

In CYD23, VE was 30,2%, but the 95% CI includes 0, so VE could not be demonst@ in this trial. The
CYD23 result was primarily driven by the data that approximately 60% of thwg ses in which the
serotype was known was due to serotype 2, against which VE was not demonﬁ . This result probably
highlights the limitation to conduct the study in only one centre in a single a Thailand, where there
is a risk that a single lineage of a single serotype circulates during the effi assessment.

CYD14+CYD15+CYD23 showed a p-value < 10%. Despite the resultsyof CYD23, the pool provides similar
estimates as the impact of CYD23 as compared with CYD14 and C is low in terms of number of cases.

When combining data from CYD23 with CYD14 + CYD15, the heterwei test of the pooled analysis of

Results from the mFASE including only subjects >9YOA as pe ation are provided below:

Table 19: VE against VCD cases PD3 due to any of serotypes in subjects 9 to 16 years

N Pooled Pooled **
CYD14 CYD15 CYD23 \CYD14+CYD15 CYD14+CYD15+

O CYD23

%

Vaccine |Control| Vaccine | Control VacckControI Vaccine | Control | Vaccine | Control

group | group | group group &ro:p "group | group | group | group | group
b

Cases /
person- | 34/3199 |55/1585 igigs 236/6 1033 |10/514|219/15657 291/7742| 225/16690(301/8256
years
VE %% 69.4 61, 701 62.8 63.0
©@%Cl) | (52.2; 80.6) (52.@ (9.3:91.1) (55.7; 68.8) (56.1; 68.9)
efficacy of Dengvaxia is considered as significant if the lower bound of the 95%

N: number of subjects per study.§C
Cl is greater than 25% (CYD14 YD15) or greater than 0% (CYD23). **Pooled results of CYD14, 15 and 23 need
to be interpreted cautiously B % se of differences in the Dengue confirmatory test and acute febrile illness definition

between CYD14/15 and&DZ&
Secondary Objece%

All secondary 6@% are presented during the whole Active Phase period (FASE) and confirmed during
the PD3 pgri@r serotype-specific analysis.

1. to any serotype

VE aggifsg VCD cases during the whole Active Phase due to any of the 4 serotypes in the FASE population
is nted in Figure 9. This analysis is based on the number of cases, defined as the nhumber of subjects

at least one symptomatic VCD episode after at least 1 injection till the end of the Active Phase (25
months) due to any of the 4 serotypes.

Assessment report
EMA/791273/2018 Page 98/187



Figure 9: Forrest plot for VE against symptomatic VCD cases during the whole Active Phase

due to any of the 4 serotypes — FASE

CYD Vaccine Placebo

Study Group Group
CYD14 286/6848  309/3424
CYD15 27713914 385/6940

CYD14+CYD15

CYD23 762666 581331

CYD14+CYD15+CYD23

(|

T T T

-30 -20 10 O 10 20 30 40 50 60 7O &0 90 100
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Vaccine Efficacy

VE against VCD cases due to any serotype in a population ag
regions was demonstrated in the 2 pivotal efficacy studies for
PD1) and was consistent with those observed during the P@rlod (12 months PD3) (PPSE). In this

population (FASE), VE in trial CYD23 was lower than in t

D14

since the lower bound of the 95% CI was above 0.

2. VE Due to Each Serotype

VE against VCD cases during the whole Active%
next Figures. In these figures, the numer

in the considered period and the denomi

e

O

in the FASE is

P-value for
Vaccine Efficacy group by study
(95% Cl) interaction
54.8 (46.8, 61.7) b
64.7 (S8.7; 69.8) @
*

60.3 (55.7; 64.5) oé

349 (6.7, 54@

58.4 @.6) 0.0026

16 years living in dengue-endemic
hole Active Phase period (25 months

and CYD15, but it was higher than 0,

presented for serotypes 1 to 4 in the

is the number of subjects with a symptomatic VCD episode
the number of subjects; VE of a study is calculated using

density incidence: cases per 100 per& rs at risk; integrated VE and CIs are calculated using Cox

regression model.

Figure 10: Forrest plot for Vagst symptomatic VCD cases during the whole Active Phase

due to serotype 1 - FASE

CYD Vaccine Plg 0
Group Group
116/88 126/3424
4

100/6940

Study
CYD14

CYD15 M
L 4
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<@

CY
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+CYD15+CYD23

bt
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=30 -20 <10 O
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Vaccine Efficacy

P-value for

Vaccine Efficacy group by study

(95% ClI) interaction
54.5(40.9; 64.9)
54.8 (40.2; 65.9)
54.7 (45.4; 62.3) 08722
61.2(17.4;82.1)
55.1(46.3; 62.5) 0.9144
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Figure 11: Forrest plot for VE against symptomatic VCD cases during the whole Active Phase
due to serotype 2 - FASE

P-value for
CYD Vaccine Placebo Vaccine Efficacy group by study
Study Group Group (95% Cl) Interaction
CYD14 9716848  74/3424 — 34.7 (10.4,52.3) b
CYD15 84113914  84/6940 —_— 50.2 (31.8; 63.6) @
L 4 q ’

CYD14+CYD15 — 43.0(29.4;53.9) 0.2158 {
cYD23 52/2666 271331 i 3.5(-59.8. 40.5) &

CYD14+CYD15+CYD23 e 37.2(23.9; .0806
LI — L I R B N | I B
-30 -20 10 0 10 20 30 40 50 B8O 70 80 90 100

Vaccine Efficacy

Figure 12: Forrest plot for VE against symptomatic VCD c s)during the whole Active Phase

due to serotype 3 - FASE Q

P-value for
CYD Vaccine Placebo Vaccine Efficacy group by study
Study Group Group {95% Cl)y interaction
CYD14 30/6848 4313424 65.2 (43.3. 78.9)
CYD186 55/13914 106/6940 O —— 74.2(63.9; 81.7)

CYD14+CYD15 & —— 71.6 (63.0: 78.3) 0.3053

CyYD23 4/2666 111331 ) —_— 81.9 (38.8, 95.8)

N

CYD14+CYD15+CYD23 m —— 72.3(64.2; 78.7) 0.4457
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Figure 13: Forrest plot for VE against symptomatic VCD cases during the whole Active Phase
due to serotype 4 — FASE

P-value for
CYD Vaccine Placebo Vaccine Efficacy group by study
Study Group Group 95% CI) interaction

CYD14 4016848 7213424 e 72.4(58.8: 81.7) :
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cYD23 1/2686 51331 90.0(10.6; 99_3)&
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Vaccine Efficacy

VE against VCD cases was demonstrated in the 2 pivotal efﬁcacy@ies for each of the 4 serotypes

during the whole Active Phase period: g
e In CYD14, the number of VCD cases ranged from 7@5 rotype 3 to 242 for serotype 1. During

the whole Active Phase period, VE estimates for@h serotype ranged from 34.7% (95% CI:
10.4; 52.3) for serotype 2 to 72.4% (95% Cﬁ\. ; 81.7) for serotype 4, always with the lower
bounds of the 95% CIs above 0.

e InCYD15, the number of VCD cases ra m 115 for serotype 4 to 208 for serotype 1. During
the whole Active Phase period, VE estimates for each serotype ranged from 50.2% (95% CI:
31.8; 63.6) for serotype 2 to 80. (95% CI: 70.9; 87.7) for serotype 4, always with the lower
bounds of the 95% ClIs above O.CJ

Although the VE estimate for sero p@as lower in CYD14 as compared with CYD15, the 2 pivotal
efficacy studies had consistent res r each serotype based on heterogeneity tests, with a lower VE for
e

serotypes 1 and 2 as comparedg‘ rotypes 3 and 4. Multinomial models confirmed that VE for
serotypes 1 and 2 were similq{Q VE for serotypes 3 and 4 were similar and that VE for serotypes 1 and

2 were lower than to serot and 4. Importantly, the 95% CI of the VE estimates for serotypes 3 and
4 do not overlap with thothermined for serotypes 1 and 2.

The pooled analysis 14 + CYD15 confirmed the individual study results with VE estimates ranging
from 43.0% (95%,CI .4; 53.9) for serotype 2 to 76.9% (95% CI: 69.5; 82.6) for serotype 4.

Overall, the VE ates against each serotype during the whole Active Phase are consistent with the
PD3 VE es;irr@ for serotypes 1, 3 and 4. VE PD3 for serotype 2 in CYD14 was measurable but
inconclush .0%, 95% CI: -9.2; 61.0). A possible explanation to this inconsistency is the moderate VE
estimateinst this serotype combined with a lower precision due to a limited number of VCD cases

co p@to other serotypes.

ications of the variability of the VE estimates by serotype

Considering the variability of VE to each serotype, the circulating serotypes in specific settings are
expected to impact the overall VE estimate for this location. The distribution of serotypes varied across
countries. The distribution of each serotype for all VCD cases occurring during the whole Active Phase, in
the Control Group, is presented below:
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Figure 14: Distribution of VCD cases per Figure 15: Distribution'of VCD cases per

serotype and country in the Control Group serotype and co@ in the Control Group
during the whole Active Phase in CYD14-FASE during the wt ctive phase in CYP15-FASE

Figure 14and Figure 15 highlight differences of serotype dlstr%p n at the country level across studies
and across countries within the same studies. Each of the es was represented in each Asian

country, whereas some serotypes were not represented | LatAm countries, i.e. serotype 3 was not
present in Brazil whereas serotypes 1 and 2 were thex presented serotypes in Mexico, and serotype
1 was the main serotype represented in Puerto Rico. TheSe differences in circulating serotype during the
study drive the variability observed in the VE esti@s in each country.

VE against VCD cases during the whole Active@e due to any of the 4 serotypes in the FASE is
presented by country in Figure 16. This a%s is based on the number of cases, defined as the number
of subjects with at least one symptomati episode from at least 1 injection to the end of the Active
Phase. The numerator is the number ects with a symptomatic VCD episode in the considered
period. The denominator is the nu subjects. VE of a study is calculated using density incidence:
cases per 100 person-years at ris&begrated VE and Cls are calculated using Cox regression model.

Figure 16: Forrest plot for ainst symptomatic VCD cases during the whole Active Phase
due to any of the 4 sero according to country by study- FASE
P-value for
CYD Vaccine G Placebo Vaccine Efficacy group by study

Study Group (95% €I) interaction
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CYD14 441778 45/392 —_— 51.8(25.3; 68.9)
cYD23 76/2666 581331 _ 34.8(6.7:54.3)
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VE estimates against VCD cases due to any serotypes in each country showed some variability:

¢ In CYD14, the VE during the whole Active Phase ranged from 51.1% (95% CI: 26.1; 67.6) in Viet
Nam to 79.0% (95% CI: 52.3; 91.5) in Malaysia;

¢ In CYD15, the VE during the whole Active Phase ranged from 31.3% (95% CI: 1.3; 51.9) exico
to 77.5% (95% CI: 66.5; 85.1) in Brazil.

following. Each of the 4 serotypes was represented in each Asian country, whereas son types were
not represented in some LatAm countries. In the particular case of Mexico, circulation ainly serotypes
1 and 2, against which the efficacy of the vaccine appears to be lower as compare@h the other 2
serotypes, combined with lower baseline rates of dengue seropositivity, which i own covariate of VE,
may have been the main factors that led to lower overall VE in the country. ekeas in Brazil, higher
baseline rates of dengue seropositivity combined with circulation of mainly@ pe 4, against which the
efficacy of the vaccine appears to be higher as compared with serotypes , may have been the main
factors that led to higher overall VE in the country. @

In CYD15, the VE estimates by country were more variable than in CYD14. This might be egl imed by the

3. VE against symptomatic VCD after different doses (S&ndary efficacy endpoint)

VE after different doses, i.e. after at least one dose (FASE), a ses (OEAS) after 3 doses (mFASE)
was assessed as secondary objective for any and each serot oled analyses were presented for
post-dose 1 (FASE; CYD14+CYD15: 60.3, 95% CI 55.7; 6@ post-dose 3 (mFASE, CYD14+CYD15:

59.5,95% CI 52.9; 65.2) VE estimates, but not for post@e 2 (OEAS). The pooled analyses shows that
VE remains largely stable from the first dose, and over increase in VE estimate is observed after the
third dose compared to post-dose 1.

2

Serotype-specific differences are observed: VE e against serotype 1 and 2 tends to decrease with
increasing doses, whereas VE estimate against segotype 3 and 4 tends to increase or remain stable, resp.,
with increasing doses. This trend is consistent through studies CYD14 and CYD15.

Other Efficacy Objectives ocj

The efficacy studies were not desi to demonstrate efficacy of the CYD dengue vaccine in
subcategories of VCD presenteQeafter. Even though an objective of the meta-analysis is to improve
the precision of the estimate* ese endpoints, the number of VCD cases on these subcategories might
remain limited, so results o be interpreted with caution. In addition, the number of VCD cases on
these subcategories i evﬁore limited when considering the PD3 period. Therefore, results in CYD14
and CYD15 as well as the meta-analysis in the PD3 period are not further described for other objectives.
However, conclusio he PD3 period were comparable to those on the whole Active Phase period
described her(ia r,\with the above mentioned limitations.

1. VE a@t Clinically Severe (IDMC) VCD Cases
2 4

VE again ically severe VCD cases during the whole Active Phase due to any of the 4 serotypes in the
FASE i nted in Figure 17.
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Figure 17: Forrest plot for VE against clinically severe (IDMC assessment) VCD cases during
the whole active Phase due to any of the 4 serotypes - FASE
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@y serotype was demonstrated in the
oled analysis of CYD14 + CYD15, VE
), a value similar to that observed for VE

VE against clinically severe VCD cases (according to IDMC) du
2 pivotal efficacy studies during the whole Active Phase peri
against clinically severe dengue was 79.1% (95%CI: 60.0-89.0

against VCD cases.

VE against clinically severe VCD cases during the whhctive Phase against each serotype was
consistent in the 2 pivotal efficacy studies for eac@otype. The meta-analysis improved precision of
results: the number of subjects reporting cIiniQsevere VCD cases due to each serotype was 18
subjects for serotype 1, 11 subjects for serotype®2, 8 subjects for serotype 3 and 8 subjects for serotype
4. In the pooled analysis of CYD14 + CYD VE estimate against each serotype was 75.3% (95% CI:
34.1; 90.7) for serotype 1, 81.3 (95% Cl: 29.7; 95.1) for serotype 2, 83.4% (95% CI: 17.7; 96.6) for

serotype 3 and 83.4% (95% CI: 1 0%) for serotype 4. However, due to the low number of cases, the
VE determined should be interpre ith caution.

2. VE against DHF (WH CD Cases

serotypes in the FASE is p nted in Figure 18. The numerator is the number of subjects with a

VE against VCD cases thaQ HO criteria for DHF during the whole Active Phase due to any of the 4
symptomatic VCD epi?e in the considered period. The denominator is the number of subjects. VE of a

study is calculated ensity incidence: cases per 100 person-years at risk. Integrated VE and Cls are

calculated using@ gression model.
.

O
<
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Figure 18: Forrest plot for VE against VCD cases that met WHO criteria for DHF during the
whole Active Phase due to any of the 4 serotypes — FASE
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VE against WHO DHF VCD cases due to any serotype was dem n@ed in the 2 pivotal efficacy studies
during the whole Active Phase period in a population aged 2 to ars living in dengue endemic regions.

The estimates determined were in the range to those obta@o prevention of clinically severe (IDMC)
and prevention of VCD cases. A similar trend of efficacy gainst WHO DHF VCD cases was observed

for the 4 serotypes. \

3. VE against Hospitalized VCD Cases

VE against hospitalized VCD cases during the % Active Phase due to any of the 4 serotypes in the
FASE is presented in Figure 19. The numerator is the number of subjects with a symptomatic VCD episode
in the considered period. The denominat e number of subjects. VE of a study is calculated using

density incidence: cases per 100 persontyears at risk. Integrated VE and CIs are calculated using Cox
regression mode.

Figure 19: Forrest plot or VE a&t hospitalised VCD cases during the whole Active Phase
due to any of the 4 serotypeeASE
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VE against hospitalized VCD cases was observed in the 2 pivotal efficacy studies for each of the 4
serotypes. Although results were inconclusive for serotype 2 in CYD14 (with the lower bounds of the 95%
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CI below 0), the 2 pivotal efficacy studies had consistent results for each serotype. The meta-analysis
improved precision of results: the number of subjects reporting hospitalized VCD cases due to each
serotype was 61 subjects for serotype 1, 49 subjects for serotype 2, 32 subjects for serotype 3 and 20
subjects for serotype 4. The pooled analysis of CYD14 + CYD15 VE estimate against each serotype was
72.1% (95% CI: 52.9; 83.4) for serotype 1, 65.7% (95% CI: 39.3; 80.6) for serotype 2, 77.4%6% CIL:
52.2; 89.3) for serotype 3 and 83.5% (95% CI: 54.5; 94.0) for serotype 4.

In conclusion, the CYD dengue vaccine reduced the occurrence of any hospitalized VCD ¢ g{ring the
whole Active Phase in a population aged 2 to 16 years living in dengue endemic regiof: ilar trend
of efficacy level against hospitalized VCD cases was observed for the 4 serotypes. V timates were in
line with those obtained for VCD and severe cases.

Relative risk (RR) of hospitalized and severe VCD in the entire study, Q

RR of hospitalised VCD 0

The RR between study groups was calculated as the ratio of the annual i ence rate (IR) in the CYD
Dengue Vaccine Group to the Control Group. A RR <1 denotes that@re was no increased risk of
hospitalized VCD cases in the CYD Dengue Vaccine Group. On th her hand, a RR >1 denotes an
increased risk of hospitalized VCD in subjects who received th engue vaccine. In addition, RR are
presented if they can be calculated, i.e., if the number of cas Control Group was > 0. In addition,
the number of cases is sometimes small and CIs are large, é& interpretation of the RR should be made
cautiously.

Cumulatively, the risk of hospitalized dengue is higher ifdtvaccinated children <6 years of age compared
to placebo through the entire study, but an impact@nmune serostatus at baseline was not determined.
Hence, it is not clear if the vaccine could be beg@ficial to children younger than 6 years who are
seropositive at the time of vaccination. 6

Cumulatively, the risk of hospitalized de &Iower in vaccinated children >6 years of age compared to
placebo through the entire study, but I.tlithe Hospital phase vaccinated subjects are at higher risk of
hospitalized dengue than the contrgl*grotip that did not receive the vaccine. However subsequent data

showed that this increased risk waciated with seronegative dengue serostatus at baseline (see LTFU
dy

page 140 and NS1 supplement@ page 132).
Relative risk of hospitalized :&re VCD in the entire study
e

Although VE against sever is demonstrated during the Active phase, the follow-up data up until Year
3 are inconclusive (see‘also LTFU). The studies had very low power to estimate the RR of (severe)
hospitalised dengu rding to age and dengue immune status at baseline.

Comparison icacy Results According to Covariates

L 4
VE agai V&{ases was further evaluated according to the following covariates:
[ ]

e: comparison of VE in children 2 to 5 years, children 6 to 11 years and adolescents 12 to 16
ars.

By baseline dengue and FV immune status: VE in dengue immune subjects at baseline compared
to dengue non-immune subjects at baseline and potential impact of JE in AP and of YF in LatAm
on VE.

e By gender: comparison of VE in female and male subjects.
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e In addition, VE against subcategories of VCD cases, i.e. clinically severe, WHO DHF and
hospitalized VCD cases, were further evaluated according to age, baseline dengue and FV
immune status and by gender.

dengue vaccine according to covariates presented hereafter. The number of VCD cases accordi
covariate might be limited, so results must be interpreted with caution.

As for other objectives, the efficacy studies were not designed to demonstrate the efficacy of the CYD
% }each

The results are again presented first on the whole Active Phase period to increase the prégiSjon of the
analyses. Results on CYD14 and CYD15 as well as the meta-analysis in the PD3 perio N ot further
described for covariates. However, conclusions in the PD3 period were comparable e on the whole
Active Phase period described hereafter, with limitations on the number of dengue in the PD3 period
as compared with the whole Active Phase.

1. VE Against Any VCD Cases by age S’

VE was evaluated first in the different age groups and then with age as tinuous variable. VE against
VCD cases during the whole Active Phase due to any of the 4 serotypes in*the FASE is presented by age
group in Figure 20. {

Figure 20: Forrest plot for VE against symptomatic VCD Qﬁ the whole Active Phase due to
any of the 4 serotypes according to age group by studé E
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In CYD14, 209 childpﬁ 0 5 years reported VCD cases. VE estimate for children 2 to 5 years was 33.7%
(95% CI: 11.7; 5 ;with the lower bound of the 95% CI above 0. In children 6 to 11 years, the 2 pivotal
efficacy studie%{?consistent results. The pooled analysis of CYD14 + CYD15 VE estimate in children 6
to 11 year§ s ilar to the individual study results, with 60.8% (95% CI: 54.2; 66.4). In adolescents
12to 16 3@ e 2 pivotal efficacy studies also had consistent results. The pooled analysis of CYD14 +
CYD15V imate in children 12 to 16 years was similar to the individual study results, 69.2% (95% CI:
62.4; /4.8). The VE estimate against symptomatic VCD during the whole active phase due to any

in children 29YOA in individual studies (FASE) was 67.8% (95% CI 57.7, 75.6) in CYD14 and

%o (95%CI 58.7, 69.8) in CYD15.

The impact of age on VE was also illustrated by the kernel smoothing curve, presenting the VE according
to age as a continuous variable (see Figure 21).
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Figure 21: VE against symptomatic VCD cases during the whole active phase due to any of the
4 serotypes according to age using kernel smoothing - CYD14, CYD15 and CYD23 - FASE
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When considering age continuously, the VE in younger subjects he lowest, with a trend to an
increased VE followed by stabilization in older children (from and adolescents. These results are
consistent with the observed VE in each age group.

?VCD cases during the whole Active Phase

Overall, the CYD dengue vaccine reduced the occurrencm
period in the different age groups, with a trend towardthj asing efficacy with age. It is difficult to
dissociate the impact of age from baseline dengue status as these 2 variables are tightly linked together.

2. VE by Baseline Dengue immune st mmunogenicity Subsets)

At baseline, neutralizing Abs against dengue,and Gther FV (see below) were measured only in the subjects

from the immunogenicity subset, i.e. th which represented 2000 randomized subjects each in

CYD14 and CYD15 and 300 first rando subjects in CYD23. The number of VCD cases in the FASI is
épreted with caution.

therefore limited, so results must be4

In CYD14, 68.1% of subjects wer gue immune at baseline. In CYD15, 80.7% of subjects were
dengue immune at baseline. Vinst VCD cases during the whole Active Phase due to any of the 4
serotypes in the FASI (immu enicity subset) is presented by dengue immune status at baseline in
Figure 22.

>
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Figure 22: Forrest plot for VE against symptomatic VCD cases during the whole Active Phase
due to any of the 4 serotypes according to dengue immune status at baseline by study- FASI
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In baseline dengue immune subjects, the 2 pivotal efficacy studi@d consistent results. The pooled
analysis of CYD14 + CYD15 VE estimate in baseline dengue im%subjects was similar to the individual
study results, with 78.2% (95% CI: 65.4; 86.3).

Results in dengue non-immune subjects were measurab@t inconclusive because of the limited number
of VCD cases. Since most subjects were dengue imm baseline, the analysis was based on 640
subjects in CYD14 and 407 subjects in CYD15. In 14, 41 baseline dengue non-immune subjects
reported VCD cases. VE estimate for baseline denﬁwon—immune subjects was 35.4% (95% CI: -27.0;

66.6), with the lower bound of the 95% CI bel »In CYD15, 18 baseline dengue non-immune subjects
reported VCD cases: 9/258 in the Dengue up and 9/149 in the Control Group. VE estimate for baseline
dengue non-immune subjects was 43.2% o CI: -61.6; 80.0), with the lower bound of the 95% CI

below 0.

Despite inconclusive results in basﬁgngue non-immune subjects (lower bound < 0), the 2 pivotal
efficacy studies had consistent me able results. Results on the pooled analysis of CYD14 + CYD15 in
baseline dengue non-immune @ cts were similar to the individual study results but remained
inconclusive: 38.1% (95% CIN3.4; 62.9), with the lower bound of the 95% CI below 0. In addition 95%
CI of immune and non-i subjects do not overlap.

Overall, the CYD den Naccine reduced the occurrence of any VCD cases during the whole Active Phase
period in the baseli gue immune population aged 2 to 16 years living in dengue endemic regions.
Results in dengu@—lmmune subjects were measurable but inconclusive because of the limited number
of VCD cases. \

3. f her FV Immune Status at Baseline (Immunogenicity Subsets)

In CYD .2% of subjects were JE immune at baseline and 79.1% of subjects were FV immune at
baseliné€. Jn CYD15, 80.5% of subjects were YF immune at baseline and 86.8% of subjects were FV
at baseline.

There is a known cross-reactivity of the FV PRNT assay with other FVs like dengue virus. Therefore, to
describe the potential impact of prior exposure to JE or YF, only VCD cases in baseline dengue
non-immune subjects should be considered. However, this analysis in the FASI would be meaningless
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since the number of cases is too limited to conclude. Therefore, the standard approach in both dengue
immune and non-immune subjects is used, but results must be interpreted with caution.

In CYD14, the RR of symptomatic VCD cases due to any serotype by JE immune status during the whole
Active Phase was: 0.313 (95% CI: 0.16; 0.60) in baseline JE immune subjects (based on 43 VCD cases)
and 0.469 (95% CI: 0.26; 0.85) in baseline JE non-immune subjects (based on 50 VCD cases
reduction of VCD cases due to any serotype was observed in both populations, with a RR b@ .

In CYD15, the RR of symptomatic VCD cases due to any serotype by YF immune status,d the whole
Active Phase was: 0.181 (95% CI: 0.07; 0.40) in baseline YF immune subjects (based N CD cases)
and was inconclusive with 0.510 (95% CI: 0.17; 1.56) in baseline YF non-immune gts (based on 16
VCD cases). A reduction of VCD cases due to any serotype was observed in YF im ﬁbjects, with a RR
below 1. Results for YF non-immune subjects were inconclusive, with RR inclu

These results are difficult to interpret due to the small number of cases and% ngue immune subjects
at baseline were not excluded, i.e. dengue acts as a confounding factor. ntial effect of prior
exposure to either JE or YF on the reduction of VCD cases could not be cl y established nor ruled out.

4. VE by Gender {

Overall, the CYD dengue vaccine reduced the occurrence of a @cases in both male and female
subjects. Although pooled CYD14+CYD15 VE estimates tende’Qe higher in male subjects (64.0%
(95% CI: 57.8; 69.2)) than in female subjects (56.4% (9526 GI: 49.0; 62.7), ClIs were widely
overlapping. Therefore, it is difficult to reach a conclusio@ rding the potential impact of gender on the
VE of the CYD dengue vaccine.

5. VE against Clinically Severe, WHO D d Hospitalized VCD cases according to
covariates

The purpose of these analyses was to address potgtial observations on subcategories of VCD cases. Due
to the low number of VCD cases observetgé se subcategories of the subjects, none of these analyses
could be used for any demonstration8 red to all VCD cases, the same trends were observed on

these specific endpoints.
Comparison of Efficacy Resuchhe 9-16YOA Population
However, the VE in subje m 9 to 16 years in endemic regions tended to be higher than the VE in the

overall efficacy population against any VCD cases, any clinically severe, WHO DHF and hospitalized VCD
cases. Younger subj% m 2 to 8 years for whom a lower VE was observed on the analysis of VE in the
n

Overall, the observations kaon the overall study population are similar in the 9-16YOA population.

are excluded from the indication.

whole efficacy p%
L 4

The pooled azzg of CYD14+CYD15 VE estimate against symptomatic VCD during the whole active
60

phase was6 (95%CI: 60.7; 66.9). As for the overall population, VE for each of the 4 serotypes in
subjects to 16 years in the 2 pivotal efficacy studies during the whole Active Phase period varied
across pe, with a lower VE for serotypes 1 and 2 as compared with serotypes 3 and 4. The pooled
an CYD14 + CYD15 VE estimate against clinically severe VCD cases in subjects from 9 to 16 years

2% (95% CI: 77.3; 98.0). The 2 pivotal efficacy studies had consistent results. The pooled
analysis of CYD14 + CYD15 VE estimate against hospitalized VCD cases in subjects from 9 to 16 years was
similar to the individual study results, with 80.8% (95% CI: 70.1; 87.7).

The 2 pivotal efficacy studies had consistent results regarding VE estimate in subjects from 9 to 16 years
in relation to baseline dengue immune status, showing again that VE was higher in the dengue
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seropositive subjects at baseline. In fact, the pooled analysis of CYD14 + CYD15 VE estimate in baseline
dengue immune subjects was 81.9% (95% CI: 67.2; 90.0), and in baseline dengue non-immune subjects
52.5% (95% CI: 5.9; 76.1). Importantly, in the two individual studies the lower bound of the 95% CI of
the VE included zero, hence no conclusion can be drawn on efficacy in baseline dengue seronegative
subjects.

A summary of the results in the 9-16 YOA population on the main endpoints is included in Ta elow:

Table 20: VE against symptomatic, Hospitalised or Severe VCD over the 25-mcmt69riod after

the first injection in subjects 9 to 16 years of age (FASE) (
-
CYD14 CYD15 Pooled CYD23 Qooled***
CYD14+CYD15 +CYD15+CYD23
VE % VE % VE % VE % \Q VE %
(95% CI)* | (95% CI)* (95% CI)* (95%CI) (95% CI)*
N=3316 N=13 914 N=17 230 N = 1032 N = 18262
Symptomatic VCD 67.8 64.7 65.6 4! 64.9
Any serotype (57.7; 75.6) | (58.7; 69.8) (60.7; 69.9) (-18,9 ; 72.7) (60.0 ; 69.2)
Serotype 1 65.7 54.8 58.4 4 59.2
(46.6; 78.2) | (40.2; 65.9) (47.7; 66.9) @ ; 96.4) (48.9 ; 67.4)
Serotype 2 36.8 50.2 47.1 5.9 44.6
(-10.1; 63.3) | (31.8; 63.6) (31.3- 59. -178.6 ; 65.1) (28.9 ; 56.9)
Serotype 3 69.5 74.2 -1.2 73.0
(31.9; 87.0) | (63.9; 81.7) (64\, ) (-5870.2 ; 94.7) (63.7 ; 79.9)
Serotype 4 87.9 80.9 100.0 83.3
(75.5; 94.6) | (70.9; 87.7) W, 88.2) (-1873.3 ; 100.0) (76.4 ; 88.2)
Any serotype in 79.2 83.7 N81.9 NC 81.9
subjects dengue | (47.2; 92.7) | (62.2; 93.7) de.z; 90.0) (NC) (67.2 ; 90.0)
immune prior to
vaccination ** x
Any serotype in 61.6 43€4 52.5 NC 49.2
subjects dengue | (-21.1; 88.1) (-66 10) (5.9; 76.1) (NC) (0.4 ; 74.1)
non-immune
prior to
vaccination **
Hospitalised VCD' 81.6 80.3 80.8 72.5 79.7
(60.7; 92{) 64.7; 89.5) (70.1; 87.7) (19.0 ; 91.7) (69.6 ; 86.5)
Clinically severe 90 95.5 93.2 49.4 91.3
VCD cases’ (58.4; ) | (68.8; 99.9) (77.3; 98.0) |(-3870.3; 99.4) (74.9 ; 97.0)
DHF meeting any 9 95.0 92.9 100.0 93.2
WHO criteria (3887 99.0) | (64.9;99.9) | (76.1;97.9) |(-1871.5 ; 100.0) (77.3 ; 98.0)

N: number of subje SF'study. * The efficacy of Dengvaxia is considered as significant as the lower bound of the 95%
ClI is greater th QCYDM and CYD15) or greater than 0% (CYD23). CI: confidence interval. **Vaccine efficacy
analyses acco 0 ‘dengue serostatus measured by PRNT50 test at baseline (before the first injection) were
performed i Qmunogematy subset of 2000 subjects each in CYD14 and CYD15 and 300 subjects in CYD23. ***
Pooled re D14, 15 and 23 need to be interpreted cautiously because of differences in the Dengue
confirmat e and acute febrile illness definition between CYD14/15 and CYD23. tThe efficacy against hospitalised

and seve was not a primary objective and cut-off thresholds to define statistical significance were not
pre-sp@ s

Clinical efficacy data for subjects 9 to 16 years of age in endemic areas, dengue seropositive at baseline

VE results according to the primary endpoint (symptomatic VCD cases occurring during PD3 period) in
subjects 9 to 16 years of age, seropositives at baseline are shown in Table 21 for the immunosubset of
studies CYD14, CYD15 and CYD23.
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Table 21: VE against symptomatic VCD cases over the 12-month period starting from 28 days
after the third injection due to any of the 4 serotypes in dengue seropositive subjects 9 to 16

years
Pooled Poolgd *
CYD14 CYD15 CYD23 CYD14+CYD15 CYDlél.Y-i- 15+
Vaccine | Control | Vaccine | Control [Vaccine|Control | Vaccine | Control Vacci@'Control
group group group group | group | group [ group | group [ g group
N7
Cases /
4/471 9/241 7/1002 | 17/472 | 0/55 0/19 |11/1473 26/716 1528 | 26/732
person-years
VE % 77.2 80.6 NC 79.4 79.4
(95%CI) (18.3; 94.9) (50.7; 93.2) (58.4;,89.8 (58.4; 89.8)
&

N: number of subjects per study Q
Cases: number of subjects with at least one symptomatic virologically-confirmed episode in the considered
period. ﬁ

e

Person-years: sum of time-at-risk (in years) for the subjects during the study p .
CI: confidence interval.
permit to calculate VE nor CI)

NC: Not computed (the absence of cases in vaccine and control group do
*Pooled results of CYD14, 15 and 23 need to be interpreted cautiously b@e of differences in the Dengue

confirmatory test and acute febrile illness definition between CYD14/Q YD23.

VE against symptomatic VCD during the whole active p qubjects 9 to 16 years of age dengue
seropositive at baseline and for the immunogenicity or pooled CYD14+CYD15+CYD23 is
estimated at 81.9% (95% CI: 67.2 ; 90.0).

In subjects 9-16YOA dengue seropositive at basgl immunogenicity subset), one clinically severe VCD
case and one WHO DHF VCD case was reported, duting the active phase in the control group in each
individual study (CYD14 and CYD15) ver none in the vaccine group. Four hospitalized VCD cases in
CYD14 and two hospitalized VCD cases i%
vaccine group. These data are inconclu \Ql
However, the extrapolated vaccine h}y (1- Hazard Ratio), obtained from an exploratory analysis
(pooled CYD14 + CYD15 + CYD23 @ r 25-month period after the first injection, is estimated at 89.2%
(95% CI: 78.5; 94.6) for hospi@a VCD and 95.3% (95% CI: 68.9; 99.3) for severe VCD.

5 were reported in the control group versus none in the
e to the low number of cases in the immunogenicity subset.

Efficacy summary of findi

The comparison of efmﬁ data from 2 pivotal efficacy studies, which included subjects from 2 to 16 years
of age in AP and La demic regions, receiving 3 injections of the CYD dengue vaccine administered

6 months apart, that:
L 4
o Overzxe CYD dengue vaccine reduced the occurrence of any VCD cases in a population aged

2 P\ ars living in dengue endemic regions and who received the full immunization schedule.

o gh the VE varied across serotypes, with a lower VE against serotypes 1 and 2 as compared

Q serotypes 3 and 4, the efficacy of the CYD dengue vaccine was demonstrated against each of

e 4 serotypes. The circulating serotype has an impact on the VE as illustrated by the different VE
observed across countries.

e The CYD dengue vaccine reduces the occurrence of any clinically severe (IDMC) and DHF WHO
VCD cases, with also a significant reduction in the duration of hospitalizations.

e The CYD dengue vaccine reduces the occurrence of hospitalized VCD cases due to any serotypes.
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e The CYD dengue vaccine reduces the clinical signs of DHF such as haemorrhage, plasma leakage
and thrombocytopenia.

The analyses of the covariates suggested that:

e The VE estimate was high in baseline dengue immune subjects and measurable but incOnclusive
in baseline dengue non-immune subjects.

e The VE estimates tended to increase with age, although it is difficult to dissociatesthasifnpact of
age from the impact of the dengue immune status of the subjects at baseline.’

Overall, the same conclusions regarding a reduction of any VCD cases, any cIinicalb&ere, WHO DHF
and hospitalized VCD cases were observed in the claimed population in the indicati .e. subjects from
9 to 16 years in endemic regions, with higher VE estimates. &

Risk of Symptomatic VCD and Dengue Hospitalization and/or Seve@gngue According to
Dengue Serostatus in CYD Vaccine Efficacy Trials @

This was a supplemental analysis for the evaluation of dengue outhC:as according to dengue serostatus
as determined by a Dengue anti-NS1 IgG ELISA. The evaluation sed on data and blood samples
collected in studies CYD14, CYD15, and CYD23/57. ;@

During the first year of the Hospital Phase, there was an i and a trend towards a higher risk of
hospitalized symptomatic VCD in the youngest vaccine recipignts in CYD14 (subjects aged 2 to 5 years at
enrolment). This could be interpreted as a possible i% n of an increased risk of dengue

hospitalization or severe dengue illness in individuals wh&have not been exposed to dengue prior to being

vaccinated with CYD dengue vaccine. This hypoth could not be adequately evaluated with data from
the CYD dengue vaccine efficacy studies, becau vaccination samples were only obtained for a small
proportion of participants (only subjects inclu in the immunogenicity subsets, i.e. 10-20% of subjects

from the efficacy trials) and because the i
lower than the incidence of any symptonfati
estimates of the risk according to prior

seronegative subjects, since only
seronegative at baseline. @
Nevertheless, because blood Qes were collected for all study participants approximately 1 month
after the third injection of engue vaccine or placebo (month [M] 13), classification of dengue
serostatus (as a surrogate ior natural dengue exposure) of study participants at this time-point could
be used as a baseline the evaluation of outcomes that occurred later. However, the PRNT assay (used
until now for the cla@ation of baseline dengue serostatus) is directly affected by the immune
responses induce € vaccine, i.e. a positive PRNT assay at M13 can be the result of either prior
dengue exposﬁ QYD dengue vaccination. To overcome this challenge, the Applicant has leveraged an

assay origjnally developed by University of Pittsburg (Pittsburg, PA, USA) and optimized by Sanofi
Pasteur. aNssay measures total immunoglobulin G (IgG) antibodies against the non-structural protein

idence of dengue hospitalization or severe dengue is much
CD, resulting only in partial and largely imprecise

ure to natural dengue infection. This was particularly true for
mately 26% of subjects from the immunosubsets were

1 (NS1) dengue virus by Enzyme-Linked Immunosorbent Assay (ELISA). Because the NS1 protein
is not erved between the dengue virus and the yellow-fever virus, previous exposure to CYD dengue
a Is not expected to induce meaningful levels of antibody against the dengue NS1 protein.

The%application of the Dengue anti-NS1 IgG ELISA assay to M13 samples is therefore useful for expanding
the existing data on both VE and potential risk of dengue hospitalization and/or severe dengue according
to baseline serostatus in the CYD dengue vaccine efficacy trials. Dengue serostatus, as determined by the
Dengue anti-NS1 IgG ELISA assay result at M13, was utilized as a covariate to assess the effects of CYD
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dengue vaccine for outcomes that occur after M13. In addition, with the multiple imputation method,
outcomes for cases that occur after MO could be assessed as well. Serostatus at M13 is assumed to serve
as a surrogate of baseline serostatus before vaccination. This is particularly the case for those subjects
that test seronegative at M13, who are assumed to have been seronegative at enrolment as well. A small
proportion of subjects that are seropositive at M13 were expected to correspond to subjects thag were
actually seronegative at enrolment, but who had dengue infection between enrolment and M é/en
that the overall incidence of dengue during this period was low, this was expected to be a r@

occurrence. ¢

iyely rare

N

In order to minimize misclassification of serostatus as seropositive, this supplementa?kstudy excluded

cases that were diagnosed with VCD before M13 when serostatus was determined e NS1 assay at
M13. With the multiple imputation and TMLE methods, cases from MO onward also be included in
the analysis. The overall aim of this supplementary study was therefore to lu the risk of

dengue-associated outcomes that occurs post-M13 in CYD dengue vaccine trol study participants

according to baseline serostatus as determined by Dengue anti-NS1 IgG assay performed on M13
samples. To maximize the power of the study, data was pooled across @ efficacy studies. However,
supportive data by study were also generated. Given that the age t%ted for the vaccine indication is 9
years and older, the primary analysis focused on this age group, h%supportive secondary and
exploratory data also generated overall and according to additi ge groups.

Assay

The assay used for this analysis was an Enzyme-Linked Qosorbent Assay (ELISA) for the detection
and quantitation of human IgG antibodies against Den irus (DENV) non-structural protein 1 (NS1) in
human sera. The amount of antibody bound to the, DENV NS1 antigen coated microtiter plate wells was
determined by a colorimetric substrate reaction a@he binding of a secondary antihuman IgG
antibody-enzyme conjugate. The concentration of'the IgG antibodies in serum was then derived by
extrapolation from a standard curve, which was génerated from multiple dilutions of a reference standard
serum run concurrent to the sample wit %signed concentration (in EU/mL). The optimized Dengue

NS1 IgG ELISA method was qualified. I latively high specificity (ca. 95%) to identify seronegatives.
In addition to the regular assay qualification, the Applicant performed an assay characterization study
that evaluated the performance c eristics of the dengue NS1 IgG ELISA assay for the intended use,
i.e. assessment of dengue sero on some M13 blood samples in the CYD14, CYD15, and CYD57

efficacy trials. A threshold ofg /mL (the LLOQ of the method) as compared to the threshold of 20
EU/mL was recommended ult in low rate to misclassify dengue exposed as seronegative by the
assay (the false positive ra 1.4% and the false negative rate was 4.7%), but results in high false
positive rate (erroneo lassification of samples from dengue unexposed individuals as seropositive). It
is agreed that for t sent study, minimising the risk of incorrect inclusion of dengue exposed
participants (der@eropositive) into the seronegative category was particularly important, especially
because in en’N settings the participants had a high likelihood of prior exposure to dengue.

Competi '3& d analysis using homologous and heterologous antigens identified the potential for

interfere y IgG to Zika (Uganda) NS1. However no significant (>25%) cross-reactivity was detected
to an other recombinant Flavivirus NS1 proteins evaluated including JE, WNV, TBE, and Usutu.
Re the potential interference of dengue NS1-specific IgG to Zika, it has to be noted that

sment of dengue serostatus was performed on M13 blood samples, which were taken before Zika
epidemics in Latin America, so with no impact on the results.
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Case-cohort design

The Applicant used a case-cohort design as introduced by Prentice to analyse cohort data in which
occurrence of an event of interest is rare (in this case approximately 1% for the safety outcomes among
all 3 studies). In the case-cohort study design, a random sample of subjects, referred to as th
sub-cohort, was first chosen from the entire study population. Subjects with the event of interebt not
selected in the sub-cohort were then included in the case-cohort analysis. As the sub—cohor& osen
without regard to any outcomes, it may serve as a comparison group for several differen s of
interest. In this supplementary study, the sub-cohort consisted of a random sample of ft@all subjects
who had a M13 visit and provided post-dose 3 (PD3) blood specimens from the studiQ: 14, CYD15,
and CYD23/57 (i.e. approximately 3300 subjects). This random sample initially ex d study
participants with known VCD occurring between enrolment and M13, but in t SR the expanded
case-cohort included these events allowing to estimate risk from MO onward& cases, corresponding

to all events of interest, were all symptomatic VCD, all hospitalized dengu% severe dengue,

at M13 was utilized as a surrogate of baseline serostatus. Although®he NS1 protein is not completely
conserved between the dengue virus and the YF virus, some leveél/f)cross-reactivity was found in the
original supplemental study. Data showed that seronegative @ated subjects had more chance than
seronegative placebo subjects to be misclassified as seropositi ed on the anti-NS1 titers at M13, due
to the influence of the CYD vaccination on the read-out. T Qe, in the extension study presented here,

the Applicant used several methods to classify basel&t status. The principal was based on MO
measured/imputed PRNT50 (see also below). This para

depending on the analysis.
In the original supplemental NS1 study, dengue serostatus assessed{d,eQJe anti-NS1 IgG ELISA assay

er was either measured in the immunogenicity

subset or predicted based on Dengue anti-NS1 E values at M13 (continuous) and other covariates
such as age, sex, country, indicator of whether, ct had VCD between MO and M13, time between
onset of VCD case and M13 sample collection , and treatment group. The model used for the

imputation was ascertained in the immund@i}city subset using baseline serostatus (negative or positive)
as dependent variable.

In addition, complementary asses tg'used serostatus classification in the expanded case-cohort
study based on M13 anti-NS1 rea . Subjects were classified as dengue seropositive or seronegative
based on two alternative cut-of@ holds of 9 EU/mL and 20 EU/mL.

Methods to Estimate Risk an&@ccine Efficacy (VE):

1) Principal Analys ased on PRNT50 Baseline Serostatus

The principal analys Xermined risk of dengue hospitalization/severe dengue and VE against
symptomatic VCD, on PRNT50 at baseline to determine serostatus. PRNT50 baseline serostatus was
either measure@ubjects in the immunogenicity subset) or predicted in subjects with missing
baseline valugs. diction of PRNT50 baseline serostatus was undertaken by 2 separate methods,
paramet i Qle Imputation and the non-parametric SuperLearner approach, using available M13
dengue &1 values and other covariates. For the SuperLearner method, risk and efficacy estimates
were stimated by using inverse probability weighing integrated into a Targeted Minimum Loss

ba imation (TMLE) framework.

B methods (Multiple imputations and SuperLearner methodology) were used to estimate PRNT50
baseline serostatus for subjects in the case-cohort with missing baseline values using M13 dengue
anti-NS1 and PRNT titres, age, vaccine group, sex, country, indicator of whether subject had VCD
between M0 and M13, time between VCD and sample collection (if subject had an event between MO and
M13), and other variables were included as predictors.
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Based on the PRNT50 baseline serostatus (measured/imputed), risk of dengue hospitalization and VE
against symptomatic VCD were then estimated by using Cox regression models (with the Prentice
weighting method) or the targeted minimum loss-based estimator approach. For both approaches, data
up until M25 was included for efficacy analyses (M0-M25 or M13-M25). For safety analysis, all data (from

MO or M13) until data cut-off date was included: b

e For TMLE analysis: until M66 @

e For MI analysis: until March 2017, i.e. 4 years of the Hospital Phase for CYD57; a mini 3 years
and 3 months of Hospital Phase/Surveillance Expansion Period (SEP) surveillance ?(\%14; and a
minimum of 3 years of Hospital Phase/SEP surveillance for CYD15. {

2) Complementary Analysis Based on M13 Measured NS1 Valuesasa S e of Baseline

Serostatus (*NS1” Analysis)

M13 dengue anti-NS1 titres were used as a surrogate of baseline serostat&(re vaccination.
Evaluation of the different outcomes (symptomatic VCD, hospitalized V ere dengue) was
performed for subjects in the case-cohort from M13 onwards (M13-M2 efficacy analysis, M13 until
cut-off date for safety analysis).

Two thresholds for seronegativity were used to categorize serost@ <9 EU/mL and <20 EU/mL. The
NS1 threshold of 9 EU/mL was defined to increase the specifi f identifying seronegatives (low false
seronegativity rate). Evaluation of study estimates based rnative threshold of 20 EU/mL was
also performed.

The risk of dengue hospitalization/severe dengue and ainst symptomatic VCD was estimated using
a modified Cox regression model (with the Prentichighting method).

Safety Analyses

3) Attributable risk Associated with th§
To better assess how these new data can be translated at the population level, the attributable risk (AR),
i.e. the difference in the disease rates in c j

vaccine, was calculated. The risk or begefi
in incidence at each time-point, a?@:

incidence in placebo group

ts exposed to the vaccine and subjects unexposed to the
at is attributable to the vaccine is defined as the difference

AR = incidence in CYD
It represents the numbers of, (ﬁe hospitalizations, or severe dengue cases, that are prevented (if
AR<0) or caused (if AR>0 e vaccine in a population that has the same dengue incidence as in the
clinical studies.

By contrast with relag#i isks, attributable risks depend on the background incidence of the condition in
the population. C mve incidences of dengue hospitalization, or severe dengue, were extracted from
the correspondi &vival timetables used for Kaplan-Meier estimates. Dengue incidence was estimated
overall (orlt?‘(cJ plete 5-year period) and yearly (cumulative).

Results
The M sis from MO onwards, and NS1 analysis (threshold [Th] 9) from M13 onwards are presented.
Th general overall consistency across the different methodologies (TMLE analysis, MI analysis

3, NS1 Th20). Results are summarised by age group (9-16YOA as per indication, and <9YOA) and
by serostatus.
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1a) Estimates of Risk and Efficacy in Seronegative Individuals 9-16 Years

The risk of dengue hospitalization and the risk of severe dengue (hazard ratios [HR]), and vaccine efficacy
against symptomatic VCD in subjects 9-16 years at enrolment and classified as seronegative by PRNT50
at MO (imputed/predicted, MI analysis) or by NS1 at M13 (threshold 9) are presented for all studies in
Figure 23. 2 >

Figure 23: Estimates of risk of hospitalized and severe dengue and efficacy again%

symptomatic VCD in seronegative subjects 9-16 years. . %
2 N
Serostatus CYD group Control group Subjects 9-16 vears at enrollment and classified as seronegative -
classification n N o N R . . -

Time period Risk of dengue hospitalization - CYD14+CYD15+CYD23/57 (HR audm : p-value
M 642 | 3751 | 253 | 2072 0743 1.412 2682 Q 0.287
MO0 onwards . . : : =t -

1.455 &
0861 - 2.488
NS1ThO
M13 onwards 56 330 20 171 0171
0.1 Favourable 1 urable 10

Risk of severe dengue (IDMC) - CYD14+C'YD15+C‘6 (HR and 95% CT)

MI (
2!
MO onwards 148 3751 36 2072 . 2.435 12 550 0.283

46,322

NS1ThO

M13 onwards 12 330 1 171 0.079
0.1 Favourable 1 e 100
Vaccine efficacy (VE) against symptoina { CYD14 +CYD15 (VE and 95% CI)
MI Unfavourable Favourable
MO A5 1743 | 3536 | 1489 | 1937 o dos ! 20_358 0629 0.054
0.179 0.18 0.43
NS1ThO - 8 N
M13M25 104 | 309 | 62 157 G 0.284
0.2 0 AVz 0.4 06 08 1
n: number of subjects fulfilling the item listed :
N: total number of subjects selected 1n sub-cohort &r
om the analyses

NS1 analysis: subjects with VCD cases before M13 are c@
M analysis: n and N are average numbers from 10 iterafs multiple imputations
Study group classified as treated (Subjects classi 18%3 Dengue Vaccine Group if recetved at least 1 injection of CYD dengue vaccine)
The HR against dengue hospitalizaband severe dengue in seronegative subjects 9-16 years at
enrolment was >1 for both m @ s. Although not statistically significant, these results show an
increased risk of dengue hospitalization and severe dengue in seronegative subjects 9-16 years at

enrolment in the pool of +CYD15+CYD23/57.

The analysis of HR ag t hospitalized VCD cases by time periods (Active Phase [up to M25], Y1 of
Hospital Phase, Y2 pital Phase, and beyond Y2 of Hospital Phase), showed that during the Active
Phase, risk of ho ed dengue was close to 1 although not statistically significant in the seronegative

subjects 9-16% of age. However, an increased risk of hospitalized VCD cases was observed over the
entire durgtion ofy the Hospital Phase.

When co@ng the number of cases of severe dengue, with the NS1 method (threshold 9), 12 cases of

sever e were observed in the CYD dengue vaccine group compared to 1 severe case in the placebo

grédp. ical signs and symptoms of hospitalized and severe VCD cases in seronegative individuals 9-16
as comparable between the CYD dengue vaccine group and the placebo group.

The pooled analysis of CYD14+CYD15 VE estimate against VCD cases in seronegative subjects 9-16 years
was 18% for the NS1 Th 9 analysis (M13-M25) and 38% for the MI analysis (M0-M25) but with a lower
bound of the CI below 0 (see figure above).
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When looking at dengue hospitalization by time period in seronegative subjects aged 9-16 years, for all
the methods used, there is a limited and non-statistically significant trend toward a protective effect of
CYD during the Active Phase (two years post-vaccination 1). The relative risks of hospitalized dengue
were overall close to 1 and not statistically significant. Point estimates of the RR are 0.57 and 0.84
(respectively for TMLE and MI) over the pooled studies. The HR was > 1 during the Active Pha@hen
estimated with anti-NS1 M13 (Threshold 9) to classify serostatus.

The excess risk associated with vaccination appears during Year 3, and is pronounced du at year
(relative risk point estimate ranging from 2.41 to 2.89 depending on the imputation nf , and then
decreases on Year 2 of the HP and beyond although remaining above 1.00.

IQ;niﬁcant increase

.15[95% CI: 1.12,

The relative risk estimates were higher for CYD15 compared to CYD14. A statisti
was observed in Y1 of Hospital Phase (Y3) in CYD15 using the MI MO approach
33.67] and with anti-NS1 Threshold 9 EU/mL (HR: 7.76 [95% CI: 2.88, 20. e HR remained >1 in
Y2 and beyond Y2 of the Hospital Phase, although the risk was not statisti ignificant in these two
time periods. With the exception of the latter result in the CYD15, none %association was statistically
significant.

Kaplan Meier analysis suggests that the risk of naive CYD exceedsésk of naive Placebo subjects from
around M30.

Based on sensitivity analyses, for severe dengue the HR pogte all studies (CYD14, CYD15, CYD57)
in seronegative subjects aged 9-16 years was 2.43 (95%,CI™NQ.47, 12.56) for the MI MO approach. In the
pooled analysis of studies (CYD14 + CYD15 + CYD5 @ R/RR were >1 across both TMLE and MI
methods and ranged from 1.41 (TMLE MO0) to 3.08 (MI 3). The HR was 6.25 (95% CI: 0.81, 48.32, p
= 0.079) in subjects classified as seronegative by i-NS1 at M13 (Threshold 9). Although the HR/RR
was greater than 1, the risk estimated did not statistical significance by any methods.

1b) Estimates of Risk and Efficacy in Seropgsitive€ Individuals 9-16 Years

The risk of dengue hospitalization, the rigk of severe dengue, and vaccine efficacy against symptomatic
VCD in subjects 9-16 years at enroln%and classified as seropositive by PRNT50 at MO
(imputed/predicted, MI analysis) 06 1 at M13 (threshold 9) are presented for all studies in Figure 24.
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Figure 24: Estimates of risk of hospitalized and severe dengue and efficacy against
symptomatic VCD in seropositive subjects 9-16 years

Serostatus CYD group Control group Subjects 9-16 years at enrollment and classified as seropositive

classification - -

Time period n N n N Risk of dengue hospitalization - CYD14+CYD15+CYD23¥/57 (HR and 95% CI) p-value
ii[[E[I onwards 388 |15029| 1377 729.8 0.138 0'2-05 0.307 '-

0151 0213 0.302
N51Th® - =
MI13 onwards 49 1430 110 687 ~0.001
01 Favourable 1 Unfavourable ®
Risk of severe dengue (IDMC) - CYD14+CYD15+CYD23/57 (HR and 93‘@
MI - 0.158
MO onwards 112 | 13029| 334 7208 0.068 = 0,371 <0.001
eATT Q
0.085 0.369
——
NS1Th® _ -
M2 onwards 10 | 1450 | 27 687 & 0,001
0.01 0.1 Favourable 1 Unfa
Vaccine efficacy (VE) against symptomatic VCD - CYD14 (VE and 95% CT)
M- M25 1927 | 14414| 3721 | 6973 Unfavourable Favourable =0.001
k 0.767
0.702 0.817

NS1Th? —.— »
MILAM25 11 | 1389 | 222 656 @ <0.001

02 0
n: number of subjects fulfilling the item listed Q

N: total number of subjects selected i sub-cohort
NS1 analysis: subjects with VCD cases before M13 are excluded from the anah-
MI analysis: n and N are average numbers from 10 sterations of nmltiple i

Study group classified as treated (Subjects classified as CYD Dengupe Vaccine Gr&p if received at least 1 injection of CYD dengue vaccine)

The HR against dengue hospitalization and severe@gue in seropositive subjects 9-16 years at
enrolment was <1 and statistically significant f@r bdth methods in the pool of CYD14+CYD15+CYD23/57.
These results showed a decreased risk of dgngue’hospitalization and of severe dengue in seropositive
subjects 9-16 years at enrolment in eac 3 efficacy studies.

The pooled analysis of CYD14+CYD1§estimate against VCD cases (M0-M25 or M13-M25) in
seropositive subjects 9-16 years w, sistent across the 2 methods and showed a statistically
significant VE of approximately 7§ ignificant vaccine efficacy was also observed in individual studies.
1c) Attributable risk in 9-16 Ylea Ids

The attributable risk/beneQ seropositives aged 9-16 years at M0, with serostatus based on PRNT50 at
MO (PRNT50), was cafeulatedduring M0-M61 period using MI approach. The results show that in subjects
classified as seropoﬁ i.e. subjects already exposed to dengue based on PRNT50 test with MI
approach), aged ars, about 15 hospitalized dengue cases, or 4 severe dengue cases, could be
prevented pero\ accinees during 5 years of follow up from the first injection. These results were

obtained in ag pliation that had, in non-vaccinated subjects classified as previously exposed to dengue,
a cumul:f dence of 1.89% for hospitalized dengue cases over 5 years, and 0.48% for severe

dengue over 5 years.

In ut@ classified as seronegative (i.e. with no previous dengue infection detected via PRNT50 test
approach), aged 9-16 years, it was estimated that during a 5 year follow-up period, about 5
additional hospitalized dengue cases, or 2 additional severe dengue cases per 1000 vaccinees could occur
following vaccination. These results were obtained in a population that had, in non-vaccinated subjects
classified as not previously exposed to dengue, a cumulative incidence of 1.09% for hospitalized dengue
cases over 5 years, and 0.17% for severe dengue cases over 5 years. In such a population, the estimates
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from the long-term analysis suggest that the onset of increased risk was mainly during the third year
following the first injection.

2a) Estimate of Risk and Efficacy in Seronegative Individuals 2-8 Years

The risk of dengue hospitalization, the risk of severe dengue, and vaccine efficacy against symptomatic
VCD in subjects 2-8 years at enrolment and classified as seronegative by PRNT50 at MO
(imputed/predicted, MI analysis) or by NS1 at M13 (threshold 9) are presented for all studies\if figure 23.

Figure 25: Estimates of risk of hospitalized and severe dengue and efficacy a \
symptomatic VCD in seronegative subjects 2-8 years.

Serostatus CYD group Control group Subjects 2-8 years at en.lo]l.menr and classified as seronegative

classification n ~ n ~
Time period - - Risk of dengue hospitalization - CYD14+CYD23/57 (HR a p-value

MI - - ., 1949 &
MD onwards 1374 | 1928 372 100.6 1192 0.008
2.236
NS1Th? 7 Z>
M2 onwards 131 182 33 101 <0.001
0.1 Favourable 1 Unfavourable 10

Risk of severe dengue (IDMC) - CYD14+C&D23/57 (HR and 95% CI)

MI

M onwards 0077

301 1928 5 100.6

NS1Th®

M13 onwards B 182 4 1ot

0025

0.1 Favourable

Vaccine efficacy (VE) against§ymptomatic VCD - CYD14 (95% CI)

MI Unfavourable 1! avourable
MO-M25 1075 | 1417 | 607 | 745 0.471 0.187 0.55 0484

i
NS1Th? 059 D D'D-Sz 0.45
MIZMIS 49 128 20 73 0.75
0.6 0.4 : 1] 0z 04 0.8 08 1

g

n: number of subjects fulfilling the item listed &
N: total number of subjects selected in sub-cohort
NS1 analysis: subjects with VCD cases before M13 are & from the analyzes

MI analysis: n and N are average numbers from 108ierstigns of nmltiple imputations
Study group classified as treated (Subjects classifi D Denpue Vaccine Group if recerved at least 1 mjection of CYD dengue vaccine)

The HR against dengue hosp on and severe dengue in seronegative subjects 2-8 years at
enrolment was >1 and was &stlcally significant for both methods (only for the NS1 Th9 method for
severe dengue). For subj lassified as seronegative by anti-NS1 at M13 (Threshold 9), a statistically
significant imbalance%%he nudmber of severe cases between treatment groups was observed. There were
25 severe cases ob n the CYD Dengue Vaccine Group and 4 cases in the Placebo group (HR: 3.433
[95% CI: 1.168, D). These results showed an increased risk of dengue hospitalization and severe
dengue in ser@ Q/e subjects 2-8 years at enrolment in the pool of CYD14+4+CYD23/57 and also in
CYD14.

For subj x d 2 - 5 years at enrolment and classified as seronegative, the HR/RR of dengue

i n pooled across studies (CYD14 + CYD23/57) was > 2. The HRs/RRs were consistent and

significant across different methods that ranged from 2.087 (anti-NS1 M13 Threshold 20) to
LE M13). In CYD14, the HR/RR ranged from 2.21 (TMLE MO) to 3.478 (anti-NS1 Threshold 9) and

waSystatistically significant for all the methods used.

The relative risks of dengue hospitalization occurring after M0 in subjects aged 2-5 years at enrolment
and classified as dengue seronegative by PRNT at MO (MI) was 2.293 (1.157, 4.544) (Source: Table
9.120) for CYD vs. Placebo subjects. . These results showed an increased risk of dengue hospitalization in

Assessment report
EMA/791273/2018 Page 120/187



seronegative subjects 2 to 5 years at enrolment in the pool of CYD144+CYD23/57. In contrast, HR
estimates for severe dengue in seronegative subjects aged 2 to 5 years were similar to what was
observed for the entire age subgroup (seronegative subjects 2-8 years).

The CYD14 VE estimate against VCD cases in seronegative subjects 2-8 years was non statistically
significant with values of 8.2% for the NS1 Th 9 analysis (M13-M25) and 18.7% for the MI an i
(M0-M25).

2b) Estimate of Risk and Efficacy in Seropositive Individuals 2-8 Years . %

N

The risk of dengue hospitalization, the risk of severe dengue, and vaccine efficacy against’symptomatic
VCD in subjects 2-8 years at enrolment and classified as seropositive by PRNT50 @
(imputed/predicted, MI analysis) or by NS1 at M13 (threshold 9) are presented studies in Figure 26.

Figure 26: Estimates of risk of hospitalized and severe dengue and *qpcy against
symptomatic VCD in seropositive subjects 2-8 years. 5

m mmma s ae aumssammisis wa @ swas s smsiprasmssess siasse e es s Sasaspies measte Sasssaney ehmevessss o seaprawessimsss s acar . e S
Serostatus CYD group Control group Subjects 2-8 years at enrollment and classiﬁe@sid\'e
classification ~ N . . == T =or
Time period n - n B Risk of dengue hospitalization - CYD14+CyP23/57 (HR and 95% CT) p-value
M 936 | 3132 | 898 1564 0321 D'S.M 07ar 0.002
M0 onwards : - : : -
0.526
0.358 - 0.774
NS1Th? =
M2 onwards 75 300 65 135 0.001
01 Favourable 1 ourable 19
¥
Risk of severe dengue (]D% YD14+CYD23/57 (HR and 95% CI)
M 0257 n.ﬁ 204
MD onwards 239 | 3132 20 156.4 0.257 1,304 0.183
. 556
0.286 e 1.08
NS1Th? p
M3 onmards 21 300 17 135 0.083

0.1 FavourQ 1 Unfavourable 10
Vaccine effica®y (VE) against symptomatic VCD - CYD14 (95% CT)

%Fauaurable

M Unfavoura]
MO M23 885 | 2173 | 1043 109.5 0.307 0.595 0.764 0.002

L
0 0.482 0.698 0,821
NSL Tho - B

MIZM2S 30 209 42 91 =0.001
0 0.2 0.4 0.6 0.8 1

n: mumber of subjects fulfilling the item lis
N: total mumber of subjects selected m sulgcohort

NS1 analysis: subjects with VCD ca M13 are excluded from the analyses

MI analysis: n and N are average mu rom 10 iterations of nmltiple imputations

Study group classified as tmal&uhjects assified as CYD Dengue Vaccine Group if received at least 1 injection of CYD dengue vaccine)

The HR against den ospitalization in seropositive subjects 2-8 years at enrolment was <1, and was
statistically signi@& for both methods. These results show a decreased risk of dengue hospitalization in
seropositive s@ s 2-8 years at enrolment in the pool of CYD14+CYD23/57.

.
The HR aga evere dengue in seropositive subjects <2-8 years at enrolment was <1, for both
methods @ aough not statistically significant, these results showed a trend towards a decreased risk of
sever@wgue in seropositive subjects 2-8 years at enrolment in the pool of CYD14+CYD23/57.

rding VE, the CYD14 VE estimate against VCD cases (until M25) in seropositive subjects 2-8 years
waSsstatistically significant with values of 59.5% for the MI analysis and 69.8% for the NS1 Th 9 analysis.
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Long-term data

The Applicant submitted the following data:
e (CYD14 and CYD15 HP/SEP safety and efficacy data up to Y3 (SEP: surveillance expansion Phase)

e Pooled safety data (CYD14+CYD15+CYD23/57) up to Y3 HP/SEP. CYD57 was already eted

in 2016. @

e Pooled efficacy data (CYD14+CYD15) during the surveillance expansion phase.x
CYD14 and

e Individual preliminary data on severe VCD during the incomplete Y4 HP/SEP &
CYD15.

These data represent interim results, and VE during the entire SEP will be fully@ed when CYD14 and
CYD15 are completed and fully analysed. Of note, VE against VCD cases du e SEP corresponds
mainly to data during the Y3 HP/SEP, as only few subjects could be consid the analysis during the
Y2 HP/SEP (2 subjects in CYD14, and 2680 subjects [12.8%] in CYD15@ considered in the Full
Analysis Set for SEP). Moreover, caution is required when comparing, VE data during the SEP to VE data
during the Active Phase due to different epidemiological patterns &g the 2 periods (e.g. different
serotypes circulation, variable dengue incidence). é

The VE against symptomatic VCD due to any of the 4 serot Qing the SEP for CYD14 and CYD15 is
presented by age group in Table 22 below. &

Table 22: CYD14 &CYD15 - VE against symptorXQCD due to any serotype during the SEP
(Y2 HP/SEP and Y3 HP/SEP) by age group - Full alysis Set for SEP

CYD Dengue Vaccine Group Control Group
(IN=6321) (N=3135) Vaccine Efficacy
Perzon-years | Denzity inciden; Perzon-years | Denzity incidence n
Age group Cazes at rizk {95% CT) izodez | Cazes at rizk (95% CT) Epizodez % (95% CT)
ICYD14 All subject= 57 4559 2.0016:24) 97 5] 2448 2.7¢21;34) 66 1274 (-0.8; 47.5)
9 to 14 years 30 2412 1.2 (%&)‘ 30 16 1203 22(14;32) 16 42.7 (-0.9; 67.2)
2 to 8 years &7 2537 2642.1;3 38 67 40 1246 3.2(23;43) 40 178 (-24.9;45.2)
1 to £ years 36 1099 "M) 36 20 453 3.7(23;56) 20 110 (-61.2; 49.5)
[CYD1s All Subjectz 32 8275 0.4 i 0.5) 32 24 4078 0.6 (0.4; 0.8) 24 343 (-16.3; 62.5)

Cases: number of subjects with at least one symptomatic GCD Spistde during the considered period.
Density mcidence; data are cazes per 100 person-years 2

n Episodes: number of symptomatic VCD episedes in the\gonsidered peried.

In the pooled CYD14+CYD1'K&QVE against all symptomatic VCD cases during the SEP was 29.3%
(95% CI: 7.5; 46.0) in all jects and 38.7% (95% CI: 11.1; 57.8) in the subjects aged 9 to 16 years,
with a lower bound o the@bove 0 in both cases. It is noteworthy that the dengue incidence in the
control group was lo x CYD15 (0.6%) than in CYD14 (2.7% in all subjects and 2.2% in the 9 to 14
years). )8

Of note these t@ata do not distinguish between seropositive and seronegative subjects.

In CYD14, ant estimate for the RR for hospitalised Dengue is lower in Year 3 HP/SEP compared to

Year 2 H , indicating that the risk for hospitalised Dengue is declining over time, except in the
young group of 2-5 year old children, where the risk further increased towards a point estimate of
appro The upper limit of the 95%CI comprises 1 in all age categories, indicating that a higher risk

d to the Control group is plausible. The Dengue annual incidence rate has been stable over Year
2 Year 3 HP/SEP in both vaccine and Control group, i.e. 0.8%. In Year 3 SEP, there were 48 cases of
hospitalised Dengue in the vaccine group compared to 28 cases in the Control group.

In CYD15 (9-16 YOA), the point estimate for the RR for hospitalised Dengue is higher in Year 3 HP/SEP
compared to Year 2 HP/SEP, but there were few cases and the annual Dengue incidence rate in CYD15
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was low, i.e. about 0.2-0.3 in the Control group and this further diminished to <0.1% in Year 3 HP/SEP for
both groups. In Year 3 SEP, there were 7 cases of hospitalised Dengue in the vaccine group compared to
4 cases in the Control group. When pooling all cases over the Hospital Phase/SEP, both the RR point
estimate and the 95%CI upper limit are <1. This pattern is similar over the Active Phase and over the
Entire Study indicating a decreased risk in the overall 9-16 year old children 5 years post—doseb

In the pooled efficacy analysis, the previous conclusions by age group are confirmed:
¢ RR<1inthe 9-16 year children, indicating a decreased risk for hospitalised dengu@accination

e RR>1inthe 2-5 year children, indicating an increased risk for hospitalised der@y vaccination
(safety signal)

¢ RR <1 in the 2-8 year children, but 95%CI upper limit >1. ‘?

In CYD14, the point estimate for the RR for severe Dengue is lower in Year EP compared to Year 2
HP/SEP, indicating that the risk for hospitalised Dengue is declining over ti xcept in the youngest age
group of 2-5 year old children, where the risk increased towards a point e ate of approx. 2. The upper
limit of the 95%CI comprises 1 in all age categories, indicating that Qg};her risk compared to the Control
group is plausible. The Dengue annual incidence rate has been s e%ver Year 2 and Year 3 HP/SEP in
both vaccine and Control group, i.e. about 0.2%. In Year 3 SEP. were 38 cases of severe Dengue in
the vaccine group compared to 16 cases in the Control group.

é)engue could not be calculated for Year 3

In CYD15 (9-16 YOA), the point estimate for the RR for s
HP/SEP, but there were 4 cases in the vaccine grou o@red to 0 cases in the Control group. When

pooling all cases over the Hospital Phase/SEP, the RR point estimate is 0.898 and the 95%CI upper limit
is >1. However, over the Active Phase and over t tire Study the RR is <1 indicating a decreased risk
in the overall 9-16 year old children 5 years p el.

In the pooled efficacy analysis, the previch;n usions by age group are confirmed:

¢ RR<1 inthe 9-16 year children,ﬁdijating a decreased risk for severe dengue by vaccination

e RR>1in the 2-5 year chil e@icating an increased risk for severe dengue by vaccination
(safety signal)

e RR <1 in the 2-8 ye en, but 95%CI upper limit >1.

ar,
Based on exploratory anal &Aring a period of 5 years after the first injection, in subjects 9 and above
dengue seropositive at bas@lifie, the vaccine efficacy (1-Hazard Ratio) was estimated at 79% (95% CI:
69; 86) for hospitalizND and 84% (95% CI: 63; 93) for severe VCD. The same analysis could not be
done for symptoma D because data over the entire period of 5 years was not available because of the
break betweerl Ve, phase and SEP.

Data from ye E\nd 4 of study CYD57

L 4
This is a E@summary of CYD57 study data from Y3 and Y4 of the study, which were submitted during
the pro

Th ctuated over time regardless of the age group. In children =9 years of age (9-11 years), the RR
st hospitalized VCD cases was: 0.307 in Y1, 0.307inY2,0.171in Y3, and 1.120 in Y4. During the 4
years of the Hospital Surveillance the RR against hospitalized VCD cases was of 0.511 (95% CI: 0.25;

1.04) indicating a trend toward a decreased risk of hospitalized VCD cases in subjects who received the
CYD dengue vaccine compared to the Control Group. In subjects =9 years of age, the pooled RR during

the entire study was 0.421 (95% CI: 0.23; 0.75).
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During Y3 and Y4 HP, only 2 cases of hospitalized severe VCD were reported each year. Overall, from DO
of CYD23 study to the end of CYD57, there were 10 hospitalized severe VCD cases in the Dengue Group
and 5 in the Control Group (RR of 1.003 [95% CI: 0.31; 3.74]). The very limited humber of hospitalized
severe VCD cases does not allow the analysis of results by age group.

The long-term systematic follow-up of SAEs has not shown evidence of excess of any specific %‘r the

vaccinated group as compared to the Control Group. @
Summary of immunogenicity data across trials 0\%

The immunogenicity of the final formulation of the CYD dengue vaccine administere nths apart was
assessed in 16 clinical studies: 2 large-scale pivotal efficacy studies CYD14 and C nd 14 supportive
studies, i.e. 9 Phase II (CYD08, CYD12, CYD13, CYD22, CYD24, CYD28, CYD305 47 and CYD51), 1

terms of the general study design, vaccine formulation and schedule, and4heyall used the dengue
PRNT50 immunoassay for the assessment of the neutralizing titres agair@ngue parental strains. Thus,
the approach of performing an Integrated immunogenicity analysisQ n

Phase IIb (CYD23) and 4 Phase III (CYD17, CYD29, CYD32 and CYD33). All E 16 CT are consistent in

sidered appropriate.

The main objective was to provide an overview of the humoral iw response against each and any
dengue serotype induced by the CYD dengue vaccine 28 days ach of the 3 vaccine injections
administered 6 months apart according to age, region and den mune status at baseline. In the two
pivotal trials CYD14 and CYD15, reactogenicity and immun@ity were not assessed in all subjects, but
only in a subset of the participants. This subset include@ subjects from several countries in each of
the two trials, which represent about 20% (CYD14) a Yo (CYD15) of those recruited in the trials.
Dengue immune status at baseline was defined a lows: i) Immune: subjects with quantified
neutralizing Ab against at least one dengue serot@

without quantified neutralizing Ab against any«@f the 4 dengue serotypes in the baseline sample.

n the baseline sample, ii) Non-immune: subjects

Most of the subjects included in CTs whose&{immunogenicity was analysed were from endemic regions
(n=4907) and most of them were childrgn 6to 11 years (n= 1833) and adolescents 12 to 17 years (nh=
1510). From endemic regions, only dﬁyom 294 subjects from 18-45 years were available. For adult

subjects (18 to 60 years) in total jects from non-endemic regions were included in the studies.

The percentage of dengue imm@subjects at baseline varied widely in different trials both in the Asia
Pacific (AP) and Latin Amerirgj Am) endemic regions. In the AP endemic region ranged from 26.7%
(CYD28) to 86.5% (CYD47 g 68.1% in the pivotal trial CYD14. In the LAtAM region varied from
3.9% (CYD29) to 80.7% (Qotal trial CYD15). Moreover, the Dengue and FV immune status at baseline
varied across the age ups, both in the AP and in LatAM endemic region. In fact, in trial CYD14 the
percentage of subj ngue seropositive at baseline were: 53.9% (2-5vy); 71.8 (6-11 y); 80.0%
(adolescents),.a CYD15 were 76.9% (6-11 y); and 84.3% (adolescents).

An increase i((%‘s was observed for each of the 4 serotypes after 3 injections of the CYD dengue
vaccine. e y, a trend toward lower post dose 3 (PD3) GMTs was observed against serotype 1
compare e 3 other serotypes. Nonetheless, PD3 GMTs varied widely across studies depending on
r

know s such as region, age group, and baseline dengue immune status.

genicity Results According to Region:

Overall immune responses varied across regions. No data are available with the final vaccination schedule
of the CYD dengue vaccine in adolescents and children in non-endemic region. Similarly, no data are
available for adults in LatAm endemic region. PD3 GMTs remained lower in non-endemic regions
compared to endemic regions. For example, for adults from non-endemic regions, and for serotype 1, the
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PD3 GMTS were 24 (CYD12), 18 (CYD 17) and 14 (CYD51), whereas from subjects from endemic regions
the GMTs were 695 (CYD22), 48 (CYD28) and 461 (CYD 47). The same pattern is observed for the other
three serotypes. In addition, the percentage of adults who were seropositive against all 4 serotypes PD3
was lower in non-endemic region (50.0% to 62.9%) than in endemic regions (56.7% to 100%). These
data indicate lower immunogenicity of the vaccine in from non-endemic regions. In LatAm en ic
regions, a trend to higher PD3 GMTs was observed for each of the 4 serotypes compared to %emic
countries, despite limited differences in baseline titers between the 2 regions. This trend was @ limited
than the one observed between non-endemic and endemic regions.

*
Immunogenicity Results According to Age: {\

A comparison across the different age groups was only feasible in endemic regio s@re the 5 age
groups, i.e. adults, adolescents, children 6-11 years, children 2-5 years, and ifffants and toddlers, were
included in the studies.

Baseline and PD3 GMTs against each serotype were usually higher in adu Qadolescents compared to
children 6 to 11 years, 2 to 5 years and infants and toddlers. For exam@n trial CYD14, the baseline
GMTs for these groups for serotype 1 were: 93.1 (adolescents), 42.%62—11 years), and 15.7 (2-5 years).
Similarly, the PD3 GMTs remained lower in infants and toddlers, ghi n 2 to 5 years and 6 to 11 years
compared to adolescents and adults. For example in CYD14, f ype 1, the PD3 GMTs were 305
(adolescents), 149 (6-11 y), and 109 (2-5 years).

In agreement with these GMT data, the percentage of s Qwho were seropositive against all 4
serotypes PD3 tended to be lower in children 2 to 5 K d 6 to 11 years compared to infants and
toddlers, adolescents and adults.

Overall, there was a relationship between baseline@ PD3 levels of GMTs against each serotype: higher
PD3 GMTs were observed in subjects with hig@MTs at baseline.

Immunogenicity Results According to De e and Other FVs immune status

The general overview of the immune r g}.e showed that there is a relationship between dengue

immune status at baseline and th H& response after the third injection of the CYD dengue vaccine.
Baseline and post dose 3 GMTs ineécts 9 to 16 years of age in CYD14 and CYD15 are shown in Table
23, with data stratified accordi engue serostatus at baseline and per serotype. Results from the 2

pivotal studies illustrate that Hi PD3 GMTs were observed in baseline dengue immune subjects
compared to baseline den n-immune subjects. These differences appear to be statically significant
since the 95%CI of these ates does not overlap in any of the four strains.

Q\
0\
‘\Q

Ko
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Table 23: Immunogenicity for subjects 9 to 16 years of age in CYD14 and CYD15 from

endemic areas according to Dengue serostatus at baseline

N: number of subjects with available antibody titre for the relevant endpoint
Seropositive subjects are subjects with titres above or equal to LLOQ (1/dil

baseline
NC: Not computed

The percentage of vaccinated subjects that became seroposit%
baseline dengue non-immune population than in those imminetat baseline. Importantly, this observation

is maintained in all trials and for all age groups. In stud
non-immune subjects at baseline seroconverted to al

immune at baseline seroconverted; for CYD15, th

The impact of previous exposure to other FV in@é

against other FV and/or prior infection by othe

following: JE in Asian studies or dengue a

is described in the subset of subjects ser
effect of pre-existing neutralizing Ab to

uQE
e

)

14, in adolescents only 63.3% of the
engue serotypes, whereas 97.5 % of those
figures were 69.9% vs. 98.2%.

choice of this subset is based on tb

various FV cross-reactive respon scribed in the literature. Post-injection 3 GMTs against each
\@/ seropositive adults, adolescents, children, and infants and toddlers

seronegative/FV seronegative adults, adolescents, children, and infants

serotype in dengue seronegatj
were similar to those in den
and toddlers. Similar tren

subjects is limited, de@ve

Immunogenicity da@adults

Of the 24 studi

* 4 Phase

hich are part of the dossier:

trals, 5 Phase II trials, and 1 phase III trial (lot-to-lot consistency) enrolled adults in

ic areas.

Serotype 1 Serotype 2 Serotype 3 Serotype 4
s;?)rs‘gautis Pre-injection|Post-injection|Pre-injectionPost-injectionPre-injectionPost-injectionPre-i tionPost-injection
Study t N 1 GMT 3 GMT 1 GMT 3 GMT 1 GMT 3 GMT 1 3 GMT
basaeline (95%CI) (95%CI) (95%CI) (95%CI) (95%CI) (95%CI) ﬁ ) (95%CI)
167 437 319 793 160 443 c’ \‘B{s 272
positive |485 * @
(138; 202) (373; 511) (274, 373) (704, 892) (135; 190) (387; 50 .0; 97.6) | (245; 302)
ICYD14|
5.00 33.3 5.00 114 5.00 57 5.00 63.0
negative | 128 6
(NC) (25.7; 43.0) (NC) (88.8; 146) (NC) (45.05.7404) (NC) (49.9;79.6)
-
278 703 306 860 261 2 73.3 306
positive |1048 K{@
(247, 313) (634; 781) (277, 338) (796; 930) (235; 289) 9; 830) | (66.6; 80.7) | (286; 328)
ICYD15 —
5.00 35.3 5.00 105 5.00 r 93.6 5.00 89.5
negative | 251
(NC) (29.8; 41.9) (NC) (89.3; 125) (% (80.3; 109) (NC) (76.1; 105)

Qainst at least one dengue serotype at

<

all four serotypes was lower in the

(which can be the result of either prior vaccination
Vs) was also analysed. FV analysis was limited to the
in LatAm studies. The impact of previous exposure to FV
ive to dengue at baseline, in order to describe the possible

or JE on the immune response to dengue vaccination. The
rvation of the lack of specificity of the YF PRNT assay as well as

re observed in both endemic regions. However as the number of evaluated
nclusions could not be drawn.

nonﬁ
o % hase I trial and 3 Phase II trials enrolled adults in endemic areas (CYD22 in Vietnam, CYD28
i gapore, CYD47 in India; all evaluating the final formulation). All were done in Asia.

D from 1167 adults are available for immunogenicity with the final formulation:

* 873 adults 18-60 years old from non-endemic regions.

* 294 adults 18-45 years old from endemic regions (vaccinated group), including 148 subjects from
the CYD28, 126 from the CYD47 and 20 from the CYD22. Available data on the persistence of
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antibodies up to 4 years in endemic countries mainly derive from the CYD28 Study (see also section
2.5.5).

Baseline and post-dose 3 GMTs in subjects 18 to 45 years of age are shown in Table 24, with the data
stratified according to the dengue serostatus at baseline and per serotype.

Table 24: Immunogenicity for subjects 18 to 45 years of age from endemic areas a
Dengue serostatus at baseline

£
Serotype 1 Serotype 2 Serotype 3 ’\@type 4
Dengue Pre-inj 1 | Post-inj 3 | Pre-inj 1 | Post-inj 3 | Pre-inj 1 | Post-inj 3 re)ﬁ 1 |Post-inj 3
Study |serostatus | N GMT GMT GMT GMT GMT GMT MT GMT
at baseline (95%CI) | (95%CI) | (95%CI) | (95%CI) | (95%CI) 5%CI) | (95%CI)
bositive | 19 408 785 437 937 192 86.5 387
cvyD22 (205; 810)| (379; 1626) | (240; 797) | (586; 1499) | (117; 313) (41.2; 182)|(253; 591)
negative | 1 5.00 89.0 5.00 95.0 5.00 . 5.00 219
" 59.8 235 67.1 236 48.4 39 221 211
cypas LPoove 66 |(36.8;97.4) (135;409) |(40.9; 110)| (144; 387) (32.9;71.0’&; 342) |(14.7;33.4)| (155; 287)
negative | 74 | 500 14.6 5.00 26.4 5.0 39.1 5.00 79.5
(NC) | (11.3;18.8)| (NC) [(19.2;36.3)| (NO){ J{30.5;50.1)] (NC) |(55.9; 113)
positive | 109 | 324 688 363 644 94 | 961 80.7 413
cYDa7 (236; 445)| (524; 901) |(269; 490)| (509; 814) |(249; 519)|(763;1211)|(61.3; 106)|(331; 516)
negative | 17 | 500 46.1 5.00 94.3 %00 123 5.00 103
(NC) |(23.7;89.7)| (NC) | (36.6;242)/ gNC)  [(69.3; 218)| (NC)  |(74.5; 141)

N: number of subjects with available antibody titre for the relevant e

Seropositive subjects are subjects with titres above or equal to LLOQ

baseline

NC: Not computed; Pre-inj: pre-injection

The baseline seropositivity levels were higher in adult

at baseline was lower in the CYD28 as compared
(baseline serotype-specific seropositivity ranged fi
CYD47; in the CYD28, the frequency of subjeats i

47%).

Overall vaccination increased the antibo

% against at least one dengue serotype at

in other age categories. Seropositivity rates

to.the two other studies for adults (18-45 years)
80% to 90% in the CYD22 and 78% to 87% in the
une at baseline against at least one serotype was

itres to each of the 4 serotypes regardless of pre-vaccination

(Q t;
titres. GMTs after vaccination varied c@ Ing on dengue serostatus at baseline (higher titres in subjects
seropositive at baseline), serotyp

increase with age) and region (li

Extrapolation of VE to

Pivotal efficacy data XJ

aged 9 to 16 years«(C

no efficacy da

(S

For long term immunogenici@

see section 2.5.5.

%cts Not Included in the Efficacy Studies

nses tended to be lower to serotype 1), age (titres tend to
0 endemicity).

btained in AP in subjects aged 2 to 14 years (CYD14) and in LatAm in subjects
15). In order to evaluate the potential benefit of vaccinating populations in which
t\ available, it is important to evaluate if VE could be expected in this population.

The extrapolﬁoyof the results observed in the Phase III efficacy trials populations to individuals 18 to 45

studies CYD14 and CYD15, through:

An analysis of the PD3 GMTs, and of the ratio of GMTs, ratio below 1 indicating a higher PD3
immune response in CYD22 and CYD47 as compared with the reference pivotal efficacy study
population.
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e The distribution of baseline and 28-days post-injection 3 titres was descriptively compared
through RCDCs.

It was noted that of the 20 subjects included in trial CYD22, only one was dengue seronegative at
baseline. Similarly, for study CYD47 only 17 of the 126 subjects were seronegative at baselin
bs are

generally comparable to those observed in CYD14 and CYD15 populations where efficacy w
demonstrated. Given that the 2 pivotal efficacy studies showed an association betweep IG? of PD3
titres and probability of the disease (see Section Ancillary analyses), it is reasonable Nect a similar

The immunogenicity data from these studies suggest that PD3 GMTs against each serotype iE

level of protection following CYD dengue vaccination in individuals aged 17 to 45 y om endemic
regions compared to the VE observed in the CYD14 and CYD15 studies. In additi compared to the
efficacy trials, in CYD22 which included also children and adolescents subjects, imilar relationship was
observed between the age and the PD3 titres: overall the older the subject igher the PD3 GMTs
were.

In addition using statistical methods to estimate the VE based on immu@nicity data, imputed VE in
adults in endemic countries ranged from 68% to 84%.

CYD28 data in adults have not been used for the extrapolation s@gy because the extrapolation
strategy is applicable to people living in countries with high d seroprevalence and is not applicable
to countries of low endemicity such as Singapore. The pos -3 humoral responses seen in study

CYD28 were lower than the GMTs in children and adoles in the pivotal studies.
Data in Adults 46-60 Years \
Immunogenicity data in adults 46 to 60 years are available from non-endemic regions (CYD17 study

conducted in Australia) and showed that PD3 G e similar in subjects 46 to 60 years of age (N= 241)
compared to subjects 18 to 45 years (N= 414). Wis age group is at the moment not included in the MAA.

2.5.4. Ancillary analyses <&'
Immunogenicity Data in Relat fficacy Data

The Applicant presented analysQ vestigate the relationship between antibody titres measured by
PRNT50 and PRNT90 and thefisk=6f dengue disease and vaccine efficacy based on the overall study
CYD14/15 population. Brieffato evaluate the relationship between the occurrence of the disease and the
level of Log10 antibody (A&re after the third injection, analyses were performed for symptomatic VCD
cases of each and an otypes explained by the PD3 titres (from the homologous titre first and then
considering the 4 Pl@res) as well as other covariates and interactions. The logistic and multivariate
models used vxen?slgned to detect the association between antibody titres and risk of dengue disease
and not to pre otection level based on the estimates. In addition the Applicant investigated the
association b@n VE and the level of Ab titres based on PRNT titres after the third injection of the CYD
dengue vaeci

In sur@Q link between PD3 PRNT titres and VE has been shown with both PRNT assays: the higher
thatitrew*the lower the risk of VCD. There is some evidence to suggest that titres measured by PRNT90

be more discriminatory compared to PRNT50 in predicting risk of dengue disease. It was not possible
to stablish a threshold titre that conferred protection.

Moreover, the Applicant provided the immunogenicity data (including PRNT50 and PRNT90 data)
stratified by serostatus comparing dengue breakthrough cases vs. non cases in the vaccine group. The
Applicant re-analysed immunogenicity data with both PRNT50 and PRNT90. These data are consistent
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with those summarised above, i.e. GMTs tend to be higher in non-cases compared to cases for each
serotype with both assays, although some variability was observed. It was also noted that some
breakthrough cases had high neutralizing antibody titres following vaccination.

Concomitant vaccination 2

Immune response to the 4 DENV serotypes have been investigated in toddlers by compara
immunogenicity studies (CYD08, CYD29, CYD33) of CYD vaccine given alone or concomit ith other
live vaccines such as measles/mumps/rubella (MMR) vaccine or YF vaccine, or conco Nikanthy with
DTaP-Hib-IPV vaccine or pneumococcal conjugate vaccine. One study was conducted%g adults from
non-endemic regions on concomitant administration of the first injection of the CYgue vaccine with
the yellow fever vaccine (CYD51 study: 120 subjects 18 to 45 years of age).

Available results so far did not raise any safety concerns and did not show ipnpact on the immune
response to the concomitant vaccines or to the CYD dengue vaccines. HoweveFr no enough data are
available in the indicated population to issue recommendation for use. @

Safety and immunogenicity of co-administration of CYD dengue vaﬂe with other vaccines is currently
being evaluated in 3 studies: CYD66 assesses the co—administratiw Tdap (Adacel) in 9-60 YOA in the
Philippines, CYD67 assesses the co-administration with HPV v (Gardasil) in 9-13 YOA in Malaysia,
and CYD71 assesses the co-administration with HPV vacci@rix) in 9-14 YOA in Mexico.

O

Ab persistence data up to 2 years after vaccin Qere assessed essentially from CYD14, CYD15 and
CYD23 studies. Limited supportive data up to ms after vaccination in CYD22 and CYD28, and upto 5
years after vaccination in the early developiigent study CYDO5 (Phase I; a schedule 0, 3/4, 12 months was
used in this study) was also assessed. Pfeliminary long term follow data up to 4 years post-vaccination
from the pivotal studies were presen@y the Applicant during the procedure.

2.5.5. Supportive studies

Persistence of Immunogenicity

The Ab persistence is mainly pres through 2 parameters:

1. GMTs at baseline, aft @third injection (PD3), and each year after the third injection (Y1, Y2,
Y3, Y4 and Y5) to r t the level of Ab for each serotype;

2. GMTRs againic erotype:
o Yearly/m reflect the magnitude of the decrease for each serotype, i.e. the lower the
igher the decrease is.

GMT
L 4
e Y aseline to reflect the level of remaining Abs for each serotype, i.e. GMTR>1 means
. t&jD3 GMTs are higher than baseline levels.

The 2-ye® persistence (GMTs) in the pivotal studies is presented in Table 25 by age group and overall,
regar@ of the dengue immune status at baseline.
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Table 25: CYD14 and CYD15 - Summary of persistence of GMTs of dengue Abs against each
serotype, according to age group - FASI

Serotype 1 Serotype 2
PD3 1 year FUP 2 year FUP PD3 1 year FUP 2 year FUP
Age group Region Study N GM (M) GM (M) GM (M) N GM (M) GM (M) M (M)
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) % CI)
12-16YOA Endemic CYD14 400 305 (396) 247 (387) 217 (388) 400 592 (396) 425 (390) 4 7)
AP (249; 372) (198; 308) (173; 271) (506, 692) (357, 505) 7 386)
Endemic CYD15 658 466 (651) 343 (639) 254 (613) 658 684 (651) 472 (639) 415 (613)
LatAm (399, 545) (289; 409) (214; 301) (605; 772) (410; 5428 “=364; 475)
6-11YOA Endemic CYD14 468 149 (466) 106 (459) 82.3 (461) 468 321 (464) 198 (4 137 (459)
AP (126; 176) (86.7; 129) (67.3; 101) (280, 368) (168,42 (115; 162)
Endemic CYD15 643 333 (640) 204 (621) 172 (608) 643 480 (640) 290 4)" 277 (609)
LatAm (285; 390) (169; 245) (143, 205) (429, 538) (252, 383) (240, 320)
2-5Y0A Endemic CYD14 455 109 (454) 49.2 (443) 45.3 (436) 455 252 (454) .2 (447) 83.2 (437)
AP (93.5; 126) (40.6; 59.5) (37.2; 55.2) (222; 28 .2, 112) (69.8; 99.1)
Serotype 3 Serotype 4 |
12-16YOA Endemic CYD14 400 309 (396) 350 (391) 224 (378) 400 213 (3 46 (389) 132 (381)
AP 261, 367) (290; 422) (185; 272) (185; 245 (127, 169) (115; 153)
Endemic CYD15 658 554 (651) 356 (640) 348 (611) 658 277 651 214 (640) 157 (613)
LatAm (488; 628) (309; 411) (304; 397) (252; (193, 237) (141, 174)
6-11YOA Endemic CYD14 468 222 (464) 208 (459) 123 (452) 468 1%5) 86.9 (459) 65.8 (453)
AP (190; 259) (176; 247) (103; 147) (1 172) (75.5; 100) (56.8; 76.2)
Endemic CYD15 643 466 (640) 238 (624) 263 (607) 6 210 (640) 141 (624) 121 (609)
LatAm (412; 527) (204; 277) (227, 304) (191; 231) (126; 159) (109; 135)
2-5Y0OA Endemic CYD14 455 136 (454) 95.2 (447) 64.4 (424) 10 (454) 52.5 (444) 42.7 (433)
AP (119; 155) (81.3; 112) (53.8; 77.1) (98.6; 122) (45.6; 60.4) (36.8; 49.5)

Table 26: CYD14 and CYD15 - Summary of persist@g GMTs of dengue Abs against each
serotype in the overall population - FASI

Serotype 1 7~ Serotype 2
2 yean FDP 2 year FUP
PD3 1year FUP G PD3 1 year FUP GM (M)
Study N GM (M) GM (M) (9@1) N GM((M) GM (M) (95% CI)
(95% CI) (95% CI) & (95% CI) (95% CI)
y -
CyYD14 615 255 (611) 211 (597 78 (600) 615 530 (609) 372 (601) 278 (596)
(217, 299) (176, 251 (149; 213) (469; 600) (323; 428) (241; 321)
CYD15 130 395 (1291) 266 209 (1222) 130 574 (1291) 371 (1264) 339 (1223)
1 (353; 441) (234 ) (185; 237) 1 (528; 624) (336; 409) (307; 374)
Serotype 3 ('\ Serotype 4
CYD14 615 289 (609) 12%¢601) 203 (585) 615 201 (610) 132 (602) 114 (587)
(253; 331) 9; 361) (174, 237) (181; 223) (118; 148) (101, 128)
CYD15 130 508 (1291 2 (1265) 303 (1219) 130 241 (1291) 174 (1265) 138 (1223)
63; 325) (274; 334) 1 (226; 258) (161; 188) (128; 149)

1 (465;@;{)

2@5 of follow-up in the 2 pivotal studies, GMTs for each serotype decreased in all age
groups in bot s. The decrease of GMTs against all 4 serotypes from Year 1 to Year 2 tended to be
lower thanb&vﬁn PD3 and Year 1 in all age groups. Despite this decrease, GMTs for each serotype
remaine igher levels than those observed at baseline in all age groups.

During the firs.t

Thes vations are further illustrated by the RCDCs presented in the main population included in
C ,%7e. children 6 to 11 years, and in CYD15, i.e. adolescents 12 to 16 years.

D from the pivotal trials up to 4 years post dose 3 was presented, showing a trend to a stabilization of
the GMTs against all 4 serotypes. Overall, GMTs for each serotype up to 4 years remained similar to or
higher than baseline levels in all age groups of the claimed population in the indication.
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Impact of age on Ab persistence

When considering each age group, regardless of the dengue immune status at baseline, a trend toward
lower GMTRs Y2/PD3 was observed for each serotype in younger children as compared with adofescents.
Therefore, the younger the subject, the higher the decrease of GMTs observed.

However overall, GMTs 2 years after vaccination for each serotype remained higher than z!eline for
all age groups, with GMTRs Y2/baseline above 1. ¢

Impact of dengue immune status at baseline on Ab persistence é

When considering the dengue immune status of subjects at baseline, regardl dge, a trend toward
lower GMTRs Y2/PD3 was observed for each serotype in baseline non—immug jects compared to
baseline immune subjects. Therefore, baseline dengue non-immune subjeﬁe ded to have a higher
decrease of GMTs for each serotype than baseline dengue immune subj?& in all age groups.

However overall, GMTs 2 years after vaccination for each serotype remaiffed higher than at baseline for
both baseline dengue immune and non-immune subjects, with GM&YZ/baseline above 1.

In conclusion, in all age groups:

e A decrease in the level of Abs (GMTs) against all 4 s was observed 1-2 years after the
third injection, followed by a trend for a lower d e in subsequent years.
e The decrease in the level of Abs was variabl&@ling to age and dengue immune status of

subjects at baseline. The decrease was hi r in younger subjects and in those who were
seronegative at baseline.

e Long-term GMTs for each serotype re@d overall higher than baseline values.

e The same conclusions were obse &m the claimed population in the indication, i.e. subjects
from 9 through 45 years in en CIJ

Study CYD17 b

Title: Lot-to-Lot Consistency idging Study of a Tetravalent Dengue Vaccine in Healthy Adults in
Australia.

regions.

Methodology: This was a mulgi-centre, observer-blind, randomized, placebo-controlled, Phase III study of
4 |ots of CYD dengue Nne in 715 healthy adult subjects aged 18 to 60 years in Australia. Each subject
was to receive a 3-d®rimary series of injections (at month 0, 6, and 12), followed by a 6-month safety

follow-up. N Q

Main Objectivﬁ:\tﬁ Consistency. To demonstrate that three different Phase III lots of CYD dengue vaccine
induce a Em\ ent immune response in terms of post-Dose 3 geometric mean titres (GMTs) against the
four par@serotypes.

amd conclusion: Result Equivalence of the GMTs 28 days after the third injection was statistically
trated in the PP Analysis Set for each pair of lots for each serotype (11/12 comparisons) except for
ype 2 (Lot 1-Lot 2) where the upper limit of the 95% CI was higher than the pre-defined limit. The
fact that one of the 12 statistical comparisons was not achieved is not considered relevant.
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Study CYD29

Title: Immunogenicity and Safety of Yellow Fever Vaccine (Stamaril) Administered Concomitantly with
Tetravalent Dengue Vaccine in Healthy Toddlers at 12-13 Months of Age in Colombia and Peru.

Methodology: Randomized, observer-blind (for the group allocation), multi-centre, Phase III triakin 792
healthy toddlers in Colombia and Peru administered an injection of Stamaril vaccine concomj with
the first dose of CYD dengue vaccine or placebo at 12-13 months of age.

Main Objective: To demonstrate the non-inferiority of the immune response against YF i n-immune
subjects at baseline receiving one dose of Stamaril vaccine administered concomitantlyfwith the first dose
of CYD dengue vaccine compared to subjects receiving one dose of Stamaril vacci ncomitantly with
placebo. Q

Results and conclusion: The co-administration of Stamaril with CYD dengue ine results in a good YF

Ab response, with no clinically relevant impact on the safety profile of StamariP. Similarly, the
co-administration of Stamaril with CYD dengue vaccine did not impact t%rnunogenicity and safety for

CYD dengue vaccine in toddlers. {

Study CYD33 @

Title: Immunogenicity and Safety of a Booster Injection of VV//Hib (Pentaxim) Administered
Concomitantly with Tetravalent Dengue Vaccine in Healthy{Joddlers Aged 15 to 18 Months in Mexico.

Methodology: Randomized, observer-blind (for the s&go ose of tetravalent dengue vaccine),
open-label (for the first and third doses of tetravalent dengue vaccine), multi-centre, Phase III trial in 624
healthy toddlers in Mexico administered a booste@ction of Pentaxim vaccine concomitantly with the
second dose of tetravalent dengue vaccine at Q 8 months of age.

Main Objective: To demonstrate the non-inferiority of the antibody (Ab) response against all antigens
(diphtheria, tetanus, pertussis, polio and gﬁ subjects receiving one booster dose of Pentaxim vaccine
administered concomitantly with the s dose of CYD dengue vaccine compared to subjects receiving
one booster dose of Pentaxim vacei Q‘linistered concomitantly with placebo.

Results and conclusion: The co- stration of Pentaxim vaccine with CYD dengue vaccine results
comply with the non—inferiori{[ | antigens. Pentaxim vaccine elicited an acceptable seroprotection /

booster response (as definﬁ each antigen) in both Group 1 and Group 2.
Study CYD32

AN

This study was a Ph 11 study to evaluate safety and immunogenicity of the vaccine in a paediatric
population in Ma\@ (2-11 years of age). Results were consistent with the other studies and the overall

immunogenic@ ings of the pivotal studies.

*

Study C

unogenicity and Large-Scale Safety of Tetravalent Dengue Vaccine in Healthy Subjects Aged 2
ars in Singapore.

YD28 trial is one of the three late Phase II studies evaluating the safety and immunogenicity of the
final formulation of the CYD dengue vaccine in endemic countries. The study enrolled 1198 healthy
subjects aged 2 to 45 years in Singapore, including 695 adults of whom 521 received CYD. This is one of
the few trials that enrolled adults from endemic countries and that provided data on the persistence of
antibodies up to 4 years in endemic countries.
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Results: In this trial, 47% of the adults were immune to dengue at baseline (at least one serotype), and
21% were immune to all 4 dengue serotypes. The seroprevalence level is much lower in adolescents and
children (14% and 20% respectively).

CYD induced high humoral responses in all age categories. The seropositivity and GMTs levels increased
at each dose, with high levels achieved post-dose 3 in all age categories and for all serotypes.@oral
responses (seropositivity levels and GMTs) were higher for serotype 3 and 4 than for seroty@ nd 2.
For serotype 1, seropositivity levels post dose 3 tended to be lower in adolescents and adeal

2 4
Seropositivity levels and GMTs decreased markedly at year-1 after dose 3 as compar \ 8 days post
dose 3 (by approximately 10% to 60% depending on serotype and age), and conti ito decrease
thereafter. The levels remained globally higher than at baseline except for serot Gor which
persistence is low and the level at 4-year close to the baseline level. Ab persistehce 1§ better for serotype
4. At 4-year follow-up, seropositivity rates against at least 1 serotype remaj igh compared to
baseline. However, seropositivity rates against 3 or 4 serotypes greatly degredse and were close to the

baseline levels. @

During the vaccination phase (based on post-dose 3 data), immunoﬂiecity in terms of seropositivity and
GMTs tended to be lower in adults and adolescents than children@ ver, ab persistence was much
better for adults (the decrease of seropositivity rates betwee ﬁ ose 3 and 1-year follow-up was

23%-54% in children; 19%-62% in adolescents; 7%-36% in . This translated in higher level of ab
at 1, 2, 3 and 4-years for adults compared to children. Q

The immunogenicity of CYD in terms of GMTs was I@er in seronegative subjects as compared to
subjects who were immune at baseline, whatever tm—vaccination timepoints and age category. For
GMTs, this difference was more pronounced in ad nd in adolescents than in children. High
percentages of subjects non-immune at baselin me seropositive after 3 injections (89.6% to 96.5%
in children, 62.9% to 89.7% in adolescents, 59%% to 87.5% in adults. The persistence of immunity at
4-year in terms of the percentage of subj@€ts seropositive against at least 3 serotypes was low in
seronegative subjects whatever their agg.

2.5.6. Discussion on clin incacy

Design and conduct of @ical studies

The Clinical Development m (CDP) for Dengvaxia followed the WHO guidelines available at the time
of initiating the Clinical Trials§{ Moreover, EMA, FDA and several European national regulatory authorities
advised on the CDP. xals were performed in several countries from endemic areas, and the design of
the studies and the%oints were in agreement with WHO recommendations. For the purpose of this
application, an emdefmic region was defined as a region where the disease has been continuously present
in the native N ion with documented outbreaks or epidemics. A non-endemic region was defined as
a region tﬂe disease has been generally absent in the native population with no documented
outbrealb\wipidemics.
Due t@( of an immunological correlate of protection for dengue, it was necessary to demonstrate the
cli ficacy of this vaccine. One supportive Phase IIb proof-of-concept efficacy study CYD23 was
rmed in children aged 4 to 11 years in Thailand, followed by two pivotal large-scale Phase III efficacy
studies, CYD14 in children aged 2 to 14 years in Asia Pacific (AP), and CYD15, in children aged 9 to 16
years in Latin America (LatAm).

The two pivotal trials were adequately performed in two geographical areas (Latin America and Asia
Pacific, including 5 countries per region) where Dengue is endemic. Although the percentage of
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Caucasians (the main ethnic group in Europe) included in the trials was low, there is no reason to believe
that the vaccine will behave differently in different ethnic groups, and thus it is considered that the
immunogenicity and efficacy data obtained from these trials can be extrapolated to the EU population.

Subjects included in CYD14 and CYD15 studies were respectively 2 to 14 and 9 to 16 years of age, which

is considered the critical age for more severe dengue disease. Phase IIb study CYD23 include jects
aged 4 to 11 years. Following an excess of hospitalized dengue cases vs. control in childre A in
studies CYD14 and CYD23/57, the Applicant decided to pursue an indication from 9 YOA. iCacy data

are available for subjects older than 16 years. In all three trials subjects were randomiz%& 2 to 1 ratio
to receive either three injections of the vaccine administered 6 months apart or threeNplacebo injections
(saline solution). No other vaccine against Dengue is currently available. Administ of the vaccine
was observer-blinded, i.e. neither the vaccinee nor the Investigator in charge ety evaluation did
know which product had been injected.

In CYD14 and CYD15, immunogenicity was assessed only in a subset of 28Q00psubjects from several
countries in each of the two trials (full analysis set for immunogenicity@ , which represented about
20% (CYD14) and 10% (CYD15) of those recruited in the trials. This,appf6ach was in accordance with

WHO recommendations given the challenges of testing samples fro Il subjects, however in view of the
results of the clinical trials, this size of the immunogenicity subs ned out to be an important
limitation. Of note, based on the inclusion criteria, all subject pective of serostatus at baseline (i.e.

subjects with/without quantified neutralizing antibodies ag of the 4 dengue serotype) were
included in the trials.

The efficacy studies were designed in 2 phases to de@ngue cases:

* The Active Phase, from the day of the first ir@ion until 13 months after the third injection (25
months), to actively detect symptomatic ses, regardless of the severity. This phase included
the primary endpoint observation period 28 days after the third injection up to the end of the

Active Phase (PD3 period). &

* The Hospital Phase, in which den Cslreening occurred in febrile subjects who required
hospitalization. Hospitalized a&re hospitalized dengue cases were collected for 4 years from
the end of the Active Phase, Q p to 5 years after the third injection (CYD23 subjects were
followed-up through the C -‘ ollow-up study). Active surveillance was not initially foreseen in the
protocol for the long te ata collection during the hospital phase, and it turned out to be of

importance. Q
Efficacy data were coltected only during the Active Phase, and this set of data is completed. Hospital Phase
contributed to the a ent of the long-term follow-up for safety of the CYD dengue vaccine and since
this Phase was sti %ng at the time of this application, the final analyses will be submitted
post-authorisat'\

The Primay Q)j)ctive in the three trials was to determine the efficacy of the CYD dengue vaccine in
preventi XOccurrence of symptomatic VCD cases, regardless of the severity, over the PD3 period due
to any !%4 serotypes in children aged 2 to 16 years at inclusion. The Secondary Objectives during the
Ac 've@se were to describe VE in preventing the occurrence of symptomatic VCD cases due to each of

rotypes during the PD3 period, and to describe VE in preventing the occurrence of symptomatic
VCR, cases during the whole Active Phase period (25 months) due to: i) any of the 4 serotypes, and ii)
each of the 4 serotypes. Primary and secondary endpoints were in agreement with WHO guidelines and
they are considered appropriate. Case definitions for VCD, severe VCD and hospitalised VCD were
considered adequate and in agreement with WHO recommendations.
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The most relevant populations in relation to the efficacy analysis are: Per Protocol Analysis Set for Efficacy
(PPSE), Full Analysis Set for Efficacy (FASE) and Modified Full Analysis Set for Efficacy (mFASE). The PPSE
and the mFASE were used for the analysis of VE from 28 days post-Dose 3 to the end of the Active Phase
(the so called post-dose 3 period, PD3), but whilst the former included only subjects who had no protocol
deviations, the later included all subjects redgardless of per-protocol criteria. The FASE includ I

subjects who received at least one injection, and was used to assess efficacy from 28 days agt e

injection up to the end of the Active Phase or from the first injection to the end of the Acti se.
Compliance was good in all efficacy studies, with more than 95% of subjects receiving, 3 tions of
either the CYD dengue vaccine or the control. The Per-Protocol Set for efficacy populati near 98.0%

and 90.0% in CYD14 and CYD15, respectively, therefore the PPSE and mFASE pop@ s were almost
equivalent in terms of interpretation of results.

The efficacy data covered the individual estimates for the 2 pivotal efficacy st &DM and CYD15, an
Integrated Efficacy analyses (IEA) describing the integrated estimate from t ta-analysis of CYD14 +
CYD15, the individual estimate for proof-of-concept study CYD23 and the,i rated estimate from the
meta-analysis on CYD14+CYD15+CYD23 as supportive data. Db

The use of a validated plaque reduction neutralization test (PRNT) to?&ermine the immunogenicity of the
vaccine was considered adequate although it has limitations in te specificity, due to cross-reactivity
with other flaviviruses. Hence misclassification of subjects (fa sitives) cannot be excluded. PRNT90
is more specific than PRNT50 with regard to cross-reacting gntibgdies against flavivirus. At present these
neutralisation assays are considered among the most sp@ assays for determining dengue serostatus
at baseline.

Based on the FASI population, the proportions of gue immune subjects at baseline were high for all
efficacy studies. The proportion of baseline dengu mune subjects in CYD15 (~80%) is higher than in
CYD14 (~68%). This result reflects the older aévoup recruited in CYD15 and the different regional

epidemiology in LatAm versus Asia. Considering the different immunogenicity and efficacy of the vaccine

depending on the dengue immune status eline, the percentage of subjects seronegative at baseline
has an impact on the overall VE determi in different geographical locations.

During the conduct of the Active P wthe dengue incidence in the control group was higher than the
incidence expected from epidemi al data and that was the data used for the sample size calculation.

This contributes to narrowingg %CI of the VE.

The main hypothesis post to explain the initial observation of an imbalance in hospitalised dengue
cases in the youngest vacci s in CYD14 (2-5year-olds) during the first year of the hospital phase is the
increased risk in CYDNinees who have not been exposed to dengue prior to being vaccinated. In
analyses of vaccine@acy and risk in CYD14 and CYD15, serostatus (as a surrogate of prior dengue
exposure) was idéntified as an important covariate. To circumvent the limited precision with which the
impact of sero’ on vaccine performance could be estimated due to the limited number of subjects
that had pre-kacgination sample collected (the immunogenicity subset was 10-20% of the total pivotal
trials po@n), the Applicant undertook a supplemental study to impute the baseline serostatus in a
larger based on dengue anti-NS1 IgG ELISA assay and PRNT50 assay (the so called supplemental
NS, ion study). The supplemental NS1 extension case-cohort study was thus performed post-hoc
nding the existing data on both VE and potential risk of dengue hospitalization and/or severe
d ue according to baseline serostatus in the CYD dengue vaccine efficacy trials, by using the blood
sample that was collected in all subjects at M13. Overall, although more prone to biases and mistaken
inference than a design using the overall cohort, the NS1 study design was considered an acceptable
alternative in this context. The selections of the sub-cohort and of the cases were appropriate, i.e.
representative of the actual cohort that gave rise to the cases. A limitation of the current analysis is the
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absence of long-term efficacy data against symptomatic VCD which will be analysed at the end of the
Surveillance Expansion Phase. The principal analysis determined risk of dengue hospitalization/severe
dengue and VE against symptomatic VCD based on PRNT50 at baseline to determine serostatus. PRNT50
baseline serostatus was either measured (for subjects in the immunogenicity subset) or predicted -in
subjects with missing baseline values- by 2 separate methods using available M13 dengue anti3NS1
values and other covariates (e.g. age vaccine group, country). In addition, complementary a séwents
used serostatus classification in the expanded case-cohort study based on M13 anti-NS1 re@ts.
Subjects were classified as dengue seropositive or seronegative based on two alternatjv -off
thresholds of 9 EU/mL and 20 EU/mL. The dengue anti-NS1 IgG ELISA assay at a thr of 9 EU/ml
was considered sensitive and appropriate for the identification of naive dengue indivi for the purpose
of this analysis. The choice of measured/predicted PRNT50 at baseline as a prim r@rrogate for prior
dengue infection (anti-NS1 at M13 as secondary surrogate) is endorsed, given ential of differential
misclassification with the post-vaccination anti-NS1 assay due to influence o, YD vaccination on the
read-out (cross-reactivity with YF NS1). 6

Efficacy data and additional analyses @

NS

Efficacy data in children @
1. Primary objective

The efficacy of the CYD dengue vaccine in CYD14 and CYD@the PPSE showed an overall reduction of
respectively 56.5% and 60.8% in VCD cases due to ytype during PD3 period in a population aged
2 to 16 years living in dengue endemic regions and &g received the full immunization schedule. In
both trials the primary objective was met since th er bound of the 95% CI of VE was >25%, however
vaccine efficacy is considered modest. Results nfirmed in the mFASE population. In CYD23 (a
phase II study), VE was 30.2%, with 95%CI influding 0, so VE could not be demonstrated in this trial. The
result was primarily driven by the fact th pproximately 60% of the VCD cases were due to serotype 2,
against which VE was not demonstrated.b& results were driven by lower efficacy in younger children,
i.e. 2-5YOA.

However when considering only s Q)f 9-16YOA in line with the proposed indication, VE against
symptomatic VCD was higher ( , PD3 period): 69.4% in CYD14 (95% CI 52.2; 80.6), 61.3% in
CYD15 (95% CI 52.8; 68.2), in CYD23 (95% CI 9.3; 91.1). The pooled analysis showed a VE of
62.8% in CYD14+CYD15 (95201 55.7; 68.8) and 63.0% in CYD15+CYD154+CYD23 (95% CI 56.1; 68.9).

2. Secondary QbjectiNes
Over the whole 2 y%Active Phase period (FASE population), again VE against VCD cases due to any
serotype in 2 to was demonstrated in the 2 pivotal efficacy studies and VE estimates were
consistent with Qobserved during the PD3 period (PPSE). In this population (FASE), VE in trial CYD23
was Iower‘th n&rials CYD14 and CYD15, but the lower bound of the 95%CI was above 0. In subject
ainst symptomatic VCD during the whole active phase (FASE) was 67.8% in CYD14 (95%
), 64.7% in CYD15 (95% CI 58.7; 69.8) and 43.3% in CYD23 (95% CI -18.9; 72.7). The
poole@lysis in the active phase showed a VE against VCD of 65.6% (95% CI 60.7; 69.9) for
CY YD15 and of 64.9% (95% CI 60.0; 69.2) for CYD15+CYD15+CYD23.

Thekefficacy of the CYD dengue vaccine against VCD cases due to each of the 4 serotypes was
demonstrated in the 2 pivotal efficacy studies during the whole Active Phase period. Nonetheless, VE
varied across serotypes, with a lower VE for serotypes 1 and 2 as compared to serotypes 3 and 4. In the
pooled analysis of CYD14 + CYD15 the VE estimates were 54.7% (95%CI: 45.4; 62.3), 43.0% (95% CI:
29.4; 53.9), 71.6% (95%CI: 63.0; 78.3) and 76.9% (95% CI: 69.5; 82.6) for serotype 1 to 4,
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respectively. Importantly, the 95%CI of the VE estimates for serotypes 3 and 4 do not overlap with the
95%CI for serotypes 1 and 2. This observation indicates that VE of the vaccine is statistically higher for
serotypes 3 and 4 than for serotypes 1 and 2, and this may impact on VE in different settings depending
on the serotypes circulating in those settings. Results followed a similar trend for the population 9-16YOA,
although efficacy was higher (e.g. 47.1% against serotype 2 see Table 20).

VE estimates against VCD cases due to any serotypes in each country showed important v Y,
ranging from 31.3% (95% CI: 1.3; 51.9) in Mexico (CYD15) to 79.0% (95% CI: 52.3; 9 alaysia
(CYD14). The main factors that explain the lower VE observed in Mexico are: i) mainly ]%Jes 1and?2
were circulating in this country and ii) the very low baseline rates of dengue seropos&it , which is a
known covariate of VE. In Brazil VE was 77.5% (95% CI: 66.5; 85.1), a result mainl to high baseline
rates of dengue seropositivity combined with predominant circulation of serot%

X

3. Other objectives
VE against clinically severe VCD cases (according to IDMC, Independent Qnitoring Committee) due
to any serotype was demonstrated in the 2 pivotal efficacy studies durin@ whole Active Phase period.
In the pooled analysis of CYD14+CYD15, VE against clinically sevemQ;:D was 79.1% (95%CI:
60.0-89.00) in the overall study population and 93.2% (95% CI 8.0) in subjects 9-16YOA. In the
pooled analysis of CYD14+CYD15, VE against clinically severe @a was shown for each of the 4
serotypes. 6

Overall the CYD14+CYD15 pooled data show that the CY gue vaccine reduced the occurrence of any
hospitalized VCD cases during the whole Active Phasey dren aged 9 to 16 years (VE of 80.8% (95%
CI 70.1; 87.7). A similar trend of efficacy level agair&spitalized VCD cases was observed for the 4
serotypes. The VE estimates were in line with tth)tained for VCD and severe cases. VE against DHF
meeting WHO criteria was 92.9% (95% CI 76@. ) in the Active Phase for 9-16year-olds.

4. Efficacy according to covariat
e Age: overall, the CYD dengue vacciréﬁced the occurrence of any VCD cases during the whole

Active Phase period in the differe@e groups. In subjects 2-8YOA VE against symptomatic VCD
cases during PD3 due to any o serotypes was 40.5% (95% CI: 22.7; 54.2) (pooled

CYD14+CYD23). In this age , VE against symptomatic, severe and hospitalized VCD during the
whole active phase due to @erotype (pooled CYD14+CYD23), was respectively 42.2% (95% CI:
30.6; 51.8),45.1% (95%'€l: 29.3; 76.7),47.6% (95% CI: 23.7; 64.0). VE in youngest subjects (2-5

years) was the lowes led CYD14+4+CYD23: 35.2%, 95% CI: 16.1-49.9) with a trend toward
increasing efficacywith . It is however difficult to dissociate the impact of age from baseline
dengue status a 2 variables are interlinked. VE appears to be maintained from 8 to 16 years of

age.

e Dengues ¥ &s: VE against symptomatic VCD cases during the whole Active Phase due to any of
the 4 ser s was demonstrated in subjects Dengue seropositive at baseline. In the pooled analysis
of C&CYDB, VE estimate was 78.2% (95% CI: 65.4; 86.3), similar to VE estimates in the two
indiv trials. VE against VCD cases was lower when both Dengue seropositive and seronegative
sr.@ts at baseline were considered (VE=60.3; 95%CI: 55.7; 64.5). Importantly the 95%CI of the

estimates do not overlap which it is indicative that VE in the whole population and VE in
eropositive subjects at baseline are different. In agreement with these observations, in the pooled
analysis of CYD14+CYD15 in baseline dengue seronegative subjects VE estimate against
symptomatic VCD cases during the whole Active Phase due to any of the 4 serotypes was 38.1%
(95% CI: -3.4; 62.9), and similar VE were seen in the 2 individual studies. This result is inconclusive
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since the 95%CI spans 0 but the trend is towards lower efficacy in seronegatives, which may explain
the overall modest efficacy observed for the primary endpoint in the entire study population.

e Other Flavivirus (FV): A potential effect of prior exposure to either JE or YF on vaccine efficacy could
not be clearly established nor ruled out, due to the small number of cases in which this effect could be
studied. b

5. Supplementary efficacy analyses by dengue baseline serostatus @
» Post-hoc exploratory analysis of efficacy in the immunogenicity subset ¢ C?

The efficacy analysis by serostatus (PRNT50 at baseline) was done in the FASE or using the data
from subjects included in the immunogenicity subset. One criterion to be part of r@SI was to have a
blood sample drawn after injection, which was not a necessary condition for t fficacy analysis.
Subjects were counted in the efficacy analysis as long as they have a baseli us and even if no
sample were taken after injection.

VE against symptomatic VCD in subjects 9 to 16 years of age, seroposi@ét baseline from the
immunosubset of studies CYD14+ CYD15 +CYD23 was 79.4% (95%,{(58.4; 89.8) in the PD3 period and
81.9% (95% CI: 67.2 ; 90.0) for the whole active phase. In these ts, one clinically severe VCD case
and one WHO DHF VCD case was reported during the whole a mase in the control group in each

individual study (CYD14 and CYD15) versus none in the vacci up. Four hospitalized VCD cases in
CYD14 and two hospitalized VCD cases in CYD15 were re in the control group versus none in the
vaccine group. These data are inconclusive due to the lo er of cases in the immunogenicity subset.

However, vaccine efficacy (1- Hazard Ratio), obtaineN an exploratory analysis (pooled CYD14
+CYD15+CYD23) during the active phase, is esti ed at 89.2% (95% CI: 78.5; 94.6) for hospitalized
VCD and 95.3% (95% CI: 68.9; 99.3) for severe

In baseline dengue seronegative subjects aged"9;16 years VE in the pooled CYD14+CYD15 was 52.5%

(95% CI: 5.9; 76.1). &

Exploratory analyses stratifying serop gdindividuals by the number of serotypes to which they were
seropositive prior to vaccination ( @50 and PRNT90, FASI population) provide reassurance about
vaccine protection: in individuals re seropositive to only one serotype (surrogates of *monotypic
immune status”), who are at hi risk of serious/severe dengue if unvaccinated, a risk reduction of
~77% against hospitalized dgp was estimated, and in those who are seropositive to more than one
serotype (surrogate of “muyfti ic immune status”) a risk reduction of ~71% against hospitalized
dengue was estimated. Q

» NS1 supp/e/% analysis based on dengue anti-NS11gG ELISA and PRNT50 assays

An important limj
L 4

of the present data submission is that the dengue serostatus at baseline was only
Il subset of study participants, i.e. in ~4000 subjects (10-20% of all CT subjects) of
which neasly Z5% were seropositive for at least one dengue serotype at baseline. PRNT50-based efficacy
analyses &rostatus were thus of limited statistical precision, and although allowed to estimate VE in
seroposi ubjects, they were inconclusive regarding VE in seronegative subjects and inconclusive
regar impact of serostatus according to age. The supplemental NS1 extension studies used a
-8ghort design and mainly aimed at evaluating vaccine efficacy and risk of dengue-associated
o] mes in subjects assigned to CYD dengue vaccine as compared to control groups for subjects from
efficacy trials (CYD23/57, CYD14, and CYD15) retrospectively classified as dengue naive at baseline.

determined in
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Different methodologies were used to define baseline serostatus and overall there was consistency in the
estimates of risk and efficacy across the different methodologies. The results of this extension study
clearly confirmed the predominant influence of baseline serostatus on VE regardless of age.

In the subjects aged 9 to 16 years, these investigations showed a clear and long-term benefitof CYD
vaccine in the seropositive population with protection against symptomatic dengue up to M25
long-term protection against hospitalized and severe dengue. In the seronegative populatio
limited short-term benefit against symptomatic VCD is offset by an increased risk of hospitalizéd and
severe dengue. Estimates from the long-term analysis suggest that the onset of increasé %A/as mainly
during the 3rd year following the first injection. The pooled analysis of CYD14+CYD15 estimate against
VCD cases in seronegative subjects 9-16 YOA over the whole active phase was 189 38% depending
on the method used, but with a lower bound of the CI below 0 (p-value 0.054%

The CYD14 VE estimate against VCD cases in seronegative subjects 2-8 ye non statistically
significant with a value of 18.7% for the MI analysis (M0-M25, active phase périod).

When this risk of hospitalized and severe dengue in the seronegative p@tion was analysed by age
strata, an imbalance was observed in both the 9-16 and 2-8 year oQopulation, albeit the estimates of
risk were only statistically significant for several of the methods ir@ -8 year old age group and for the
outcome of hospitalized dengue in this age group. Further stragifiéation by age revealed a statistically
significant increased risk of hospitalized dengue in the serone% 2 - 5 year old age stratum (HR > 2)
only. In CYD14, where the original observation of an incre% iSk in subjects aged 2 - 5 years
(regardless of serostatus) was detected, the NS1 suppl tal analysis narrows the scope of this risk to
only seronegative subjects. In the subset of CYD14, t of hospitalized dengue was similar in
seronegative subjects aged 6 - 8 years and subjects aged 9 - 11 years (HR > 1; not statistically
significant), but the risk was not found in seroneg@e subjects aged 12 - 14 years (HR < 1; not
statistically significant). In CYD15, although t@gnitude of the risk decreased in the seronegative 12
- 16 year-old age group compared to the seponegative 9 — 11 year-old age group, the HR was > 1 in both
age groups.

Over a period of 5 years since the firs%c ion, in subjects 9 to 16 years of age with no previous dengue
infection, the risk of severe dengtﬁ ased by 2.43 fold (95% CI: 0.47; 12.56) in vaccinees as
compared to control subjects. Thi eased risk at an individual level would translate into 5 additional
hospitalized and 2 additional @ dengue cases over a 5 year period for every 1000 seronegative
subjects vaccinated, for settifgs with incidence of dengue consistent with the clinical trials.

In contrast, in seropositive jects the analysis of pooled studies showed a decreased risk of dengue
hospitalization in vached versus unvaccinated seropositive subjects. All of the estimated HRs/RRs
were < 1 and statis@ significant in the 2-8 years and 9-16 years old subjects. This statistically
significant decre iIsk was also observed in each individual study and consistent across methods,
studies, and f’ serotypes. Data were consistent with severe dengue. For every 1000 dengue
seropositive subjects 9-16YOA vaccinated, 15 hospitalized and 4 severe dengue cases are estimated that
could be @ﬂted, for settings with incidence of dengue consistent with the clinical trials. Although these
predicti thods all relied on using measured anti-NS1 data and other variables as predictors, and
va ir@sumptions, the consistency of the patterns of the estimates of risk and efficacy across different
ologies utilized strengthens the robustness of the findings and conclusions.

The™NS1 analyses confirmed the conclusions of the analyses on the immunogenicity subset, i.e. CYD
vaccine showed high efficacy in seropositive subjects in every age category, whereas in seronegatives
efficacy is measurable but inconclusive. For individuals who have experienced at least one dengue virus
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infection, CYD vaccine seem to constitute a booster of pre-existing immunity which protects against
infections with new heterologous serotypes, regardless of age.

A possible effect of age on vaccine performance, particularly evident for the outcome of hospitalized
dengue in study CYD14, could not be ruled out. As age is known to be associated with dengue exposure,
it remains unclear whether these findings of a risk associated with CYD dengue vaccine reflect ffect
of dengue exposure.

Immunogenicity data in children and adults . %

N,

The immunogenicity of the final formulation and schedule of the CYD dengue vaccine V% assessed in 16
clinical studies. The clinical development program demonstrated strong and persis humoral immune

response induced by CYD. Q
An increase in GMTs was observed for each of the 4 serotypes after 3 injec &g} the CYD dengue

vaccine. The vaccine appeared to be much less immunogenic in subjects d seronegative at baseline
as compared to those seropositive (to at least one dengue serotype) a? ine, in terms of both GMT
titres and percentage of subjects that seroconverted to all four dengue séfotypes. Generally, a trend
toward lower post dose 3 (PD3) GMTs was observed against serot 1 compared to the 3 other
serotypes, however PD3 GMTs varied widely across studies depe on serotype, region, age group,

and baseline dengue immune status. q

Limited immunogenicity data was generated in subjects 18«45 in this application in non-endemic and
endemic regions. Three studies (CYD22, CYD28, CYD47 re conducted with the final formulation and
final schedule in an adult population in endemic regio}\ the age group 46 to 60 years, only one trial
CYD17 (N=241) was conducted in a non-endemic ion. The baseline seropositivity levels ranged from
47% to 90% in CYD22, CYD28 and CYD47 studies,@ were higher in adults than in other age categories.
So the results could be confounded by the different baseline immune status of the different age groups.
Immunogenicity data from the CYD22 and €YD47 studies (respectively N=20 and N=126 aged 18-45
years in the CYD vaccine group) suggest PD3 GMTs against each serotype in adults were generally
comparable to PD3 GMTs observed in chi in studies CYD14 and CYD15. In contrast, in study CYD28,
(521 subjects 18 to 45 years in th \ée group) PD3 humoral responses are lower in adults as
compared to children and adolesc@gnrolled in the same study; however local endemicity is also
different in this region.

Based on efficacy data from ‘Qpivotal trials, the Applicant analysed the relationship between the
occurrence of VCD cases he level of neutralizing antibody titre 28 days after the third injection in
order to identify a Co& amassociation between antibody titres and risk of dengue disease) and a CoP.
A link between PD3 ¢ nd VE has been shown with both PRNT assays: the higher the titre, the higher
the VE. However i y&ot possible to establish a threshold antibody titre that conferred protection and
antibody titres @nay not fully explain protection against disease.

EvaIuatiomoF@l\y responses (by ICS and CBA) was also assessed in some studies in adolescents and
adults in ic and non-endemic regions (studies CYD04, CYD10, CYD11 and CYD28). However, as the
role of responses in protection from DENV infection is largely unknown, these data are hard to

be c?—@ against clinical data.
%y in adults

In the absence of efficacy data in adults and of a correlate of protection for dengue, the Applicant
performed complementary analyses to support the bridging between immunogenicity data and efficacy.
Immunogenicity results obtained in adults were compared to those obtained in the 2 pivotal efficacy
studies CYD14 and CYD15.
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The immunogenicity data from two studies conducted in adults aged 18 to 45 years in endemic regions
(CYD22 and CYD47) suggested that PD3 GMTs against each serotype in adults were generally comparable
to PD3 GMTs observed in CYD14 and CYD15 populations where efficacy was demonstrated. Given that the
2 pivotal efficacy studies showed an association between levels of PD3 titres and probability of the disease
and a similar relationship across age groups for high titres, it is reasonable to expect a similar layel of
protection following CYD dengue vaccination in individuals aged 18 to 45 years from endemi éns
compared to the VE observed in the CYD14 and CYD15 studies. It is important that confirmatgry data on

adults is collected from post licensure effectiveness studies in endemic countries, based ccination
implementation by countries in this age range. {\
Limitations with the dose schedule and booster O

justified by the necessity to overcome poor immunogenicity in the seronegati herefore when all the
subjects included in the trials are considered -and especially when seropositivé*subjects are considered-
the increase in GMT titres comparing PD3 to PD2 data is limited.Since t@udy objective was to assess
VE after a 3-injection regimen, the Applicant performed exploratory‘;éal es on all subjects on the

The decision to select a three-dose vaccination schedule was based mainly or@ seronegatives, and

efficacy data between injections in CYD14 and CYD15 (between injégtion 1 and injection 2, between
injection 2 and injection 3, between injection 3 and 6 months after@

injection 3 and the end of the Active Phase). For the pooled d
estimates against VCD cases due to any serotype between
Phase were all similar, approximately 60%, showing that
to the end of the Active Phase both in the 2-16 and the
whether protective immunity in seropositive individuals ®ould be achieved with less than three doses
considering that all evidence including long termi d on a 3 dose schedule. Morevoer it is not possible
to recommend a different posology at this sta -authorisation studies may provide more
information, e.g. immunogenicity and safety o e-dose and two-dose vaccination schedule will be

investigated in study CYD65. &

The need for additional booster doses was to be elucidated. Study CYD65 will investigate a booster
dose one or two years after the la éon. Two other studies, CYD63 (Singapore) and CYD64 (Latin
America) are underway to assess t @ ect of a booster dose of the CYD dengue vaccine 4 to 5 years after
the third dose (PD3) of the prirQ eries administered in previous studies (CYD28 and CYD13/30,
respectively). In both CYD63Q/ D64, a booster dose has already been administered to participants
ere presented. Although these studies are not powered to assess the
need of a booster dose accOgding to the dengue serostatus of the subjects at baseline (i.e. before the
primary series), the bo®ster significantly increased titres in seronegatives and restored the level of titres

tion 3 and between 6 months after
nalysis of CYD14 + CYD15, VE

ction and up to the end of the Active
relatively stable after the first injection up
year-olds. Therefore it remains unclear

and data from interim analysi

induced after the pri series in seropositive subjects. These data provide some support that a booster
vaccination is re ly likely to confer clinical benefit however the final analyses of trials CYD63 and
CYD64 are ne’ efore any conclusions can be made. Moreover, the impact of the booster may differ
by countrydéeyding on local endemicity.

LTFU d%\

Th p@i LTFU data indicate that the risk for hospitalised and/or severe dengue is below 1during the
in subjects 9-16YOA vs. placebo (0.535 [95% CI: 0.38; 0.75]. Overall in the Entire study the RR
forQospitalized VCDs and severe VCDs is decreased (i.e. is below 1) for 9-16YOA and 2-8YOA. During the
period of 5 years after the first injection (Y3 of HP), in subjects 9 and above seropoisitive at baseline,
vaccine efficacy (1-Hazard Ratio) (obtained from exploratory analysis) is estimated at 79% (95% CI: 69;
86) for hospitalized VCD and 84% (95% CI: 63; 93) for severe VCD. A corresponding analysis on VCD
could not be done because data over the entire period of 5 years was not available because of the break
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between active phase and SEP. Data from years 4 to 6 of the study (i.e. after 15 injection, which
correspond to year 2 to 4 of the SEP) showed a VE against VCD in subjects 9 to 16 of 38.7% (95% CI:
11.1; 57.8). However these data are preliminary and do not distinguish between seronegative and
seropositive at baseline. The Applicant commits to provide the final CSRs of CYD14 and CYD15
post-authorisation as soon as available.

Based on antibody (Ab) data available up to 4 years after the third injection in CYD14 and , and
exploratory efficacy data, it could be anticipated that protective efficacy may be maintai eit at
2 4

lower levels than that observed in the first 3 years of the study.

The risk of severe dengue disease due to waning protection against dengue disease &me is proposed
as an important potential risk in the RMP and will therefore be followed up postﬁmisation.

X

The CHMP Scientific Advisory Group on Vaccines was convened during t?%gdure to address 5 clinical
questions raised by the CHMP. The final SAG answers are reported as fo

Additional expert consultation

S.

1. Concerning the increased risk of hospitalised/sever gue that was observed in the
pivotal studies:

a) Does the SAG agree that being seronegati @ 4 dengue serotypes constitutes
an identified risk factor for severe dengub

b) Does the SAG have any additional ob\xgions from the data on factors
predisposing to severe dengue upon vaccination with CYD?

c) Can the SAG comment on ther risk of hospitalised/severe dengue in
subjects seropositive to e.g. orne or two serotypes and on the efficacy of the
vaccine in the same subje%b;sed on different assays (e.g. PRNT50/90)?

The SAG unanimously concluded that ba@n the available evidence negative serostatus at baseline is
clearly associated with increased risk,of $evere dengue following vaccination, at least in the period of
follow up in the clinical trials, and ifically for those who were seronegative to all 4 serotypes.

Concerning point 1.b) the SAG @ssed by analogy factors that may potentially trigger the severe form
of the disease in children (e.gL differences in nutrition, previous immunity, concomitant infections,
maturation of the immun em); however, since the mechanism by which disease can be enhanced by
vaccination is not establish or certain, it is not possible to understand how these factors would
translate into increa isk of severe disease. Other potential factors that were discussed include
different efficacy b ype (as efficacy for DENV 3 and 4 is higher than for DENV 1 and 2), which may
mask the effect of age seen on vaccine efficacy, the role of immune system maturation in younger
children (quali N titres of neutralising antibodies), and antibody decay following vaccination, which
may be fast% ounger children. It is also plausible that young infants, born to vaccinated mothers, may
r

be at incé

Overa@vas not possible for the SAG to identify any other factors different than serostatus that may
pr se to severe dengue, mainly because the clinical trials were not designed to provide such
infgrmation. However it was also noted that the pattern of severity is similar to that seen in seropositive
unvaccinated individuals, strongly suggesting a similar mechanism. In addition the available data may
not fully exclude that age could be a contributing factor in terms of increased risk of severe/hospitalised
dengue.

isk of severe dengue as would be the case following natural infection of the mothers.
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Concerning point 1.c), the SAG discussed the new data presented by the MAH at the meeting, whereby an
efficacy of 77% against symptomatic VCD was seen across studies in subjects seropositive to one single
serotype by PRNTqg. These data were considered consistent with the data previously generated across
trials. PRNTyo was found to be more discriminatory between monotypic and multitypic seropositivity than
PRNTso, however neither assay is able to provide an exact picture of the individual’s past expoSkge to
dengue in terms of distinguishing subjects infected by 2, 3 or 4 serotypes. In addition the re b
measured by PRNT are influenced by the time elapsed from infection. Whilst the NS1 data résent
reasonably good evidence that individuals infected by at least one serotype can largely it from
vaccination, it is not possible to further dissect these data to discriminate the cumula ect of
subsequent serotype infection on vaccine efficacy. Currently no test can reliably disesirdinate
seropositivity to one, two, three or four serotypes. In any case, it was importan ssed that the
number of cases in the respective subgroups of the CYD14/15 trials is too sm%e able to draw any

conclusion in these post-hoc analyses as the studies were not powered for s bgroup analyses. It is
also not possible to conclude on a link between seropositivity by a specifiaagerptype and risk of severe
dengue based on the available data. In any case, the most relevant sub s would be those with no or

only one previous infection.

2. What is the view of the SAG on the Applicant’s pro &to limit the use of the vaccine
to subjects who are seropositive for at least one Iz‘e type by applying a minimum
age of 9 years across some or all endemic areas reliable way to minimize the risk
of severe dengue and to maximize the benefitin‘vaccinated subjects residing in EU

endemic areas? O

Based on the current evidence, the SAG concluded tkmen in areas where dengue is endemic, an age
cut-off alone is not considered sufficient to minimi@e risk of severe dengue seen in seronegatives and
that, within the age range proposed by the MA e indication (9-45 YOA), the vaccine should only be
used in subjects who have a documented expo@to dengue virus by serology. When deciding this, the
SAG took into account the fact that endericity and seroprevalence are highly variable and changeable
over time for dengue virus, and that eve(djrlng outbreaks both remain moderate in EU territories.

i@the proposed indication, the SAG also discussed the data

y multiple imputation based on the NS1 assay, which indicate that
~65% VE and 0.4 hazard ratio for hospitalised cases) or potentially
even 2-5 year-olds may aIso,@p t from vaccination. However given thethe need for a diagnostic test
that would have a high posgiti redictive value if used in an age range with very low seroprevalence
even in areas of high ende ty, the concerns due to lack of maturation of the immune system and the
lack of quantitative pretictions of benefits as well as relative and absolute risk of Dengvaxia use in
<9YOA, it is not pogsi to make any conclusive remark at this stage. Overall it was felt that more
information is regqui in order to be able to clarify uncertainties and define the impact of the vaccine in
children <9YO’ Nt'Wwas also noted that the data are currently insufficient to define whether the excess of
severe cases'@mpng seronegative vaccinees could be later offset by a reduction in the medium term. In
this respm e MAA should put efforts in following the clinical trials cohorts in the long term (see also
answer_t .

Although acknowledging this is ou
recently generated in children <9Y
dengue seropositive 6-8 year-

@oes the SAG consider that limiting the use of the vaccine by positive serostatus at
baseline could be a sufficient strategy to minimize the risk of severe dengue occurring
in vaccinated subjects residing in EU endemic areas?

a) If so, based on current knowledge, can the SAG comment on the feasibility of using
a dengue-specific serology test?
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b) Does the SAG have any alternative or additional suggestions for vaccine usage that
might limit the risk of developing severe dengue?

The SAG discussed that there are at least 3 key factors to consider when defining a population that may
benefit from Dengvaxia: serostatus at baseline, endemicity and age. It was agreed that limiting the use
of the vaccine to seropositive subjects 9-45YOA residing in endemic areas would be the best @Ie
strategy under the current knowledge to limit the risk of developing severe dengue as seen@
seronegative subjects. In light of the well-known heterogeneity of dengue epidemiology,
seroprevalence-driven vaccination policy is deemed impractical and not sufficiently relfa@gardless of
endemicity.

It was also acknowledged that the vaccine is intended for use in European territ hich are so far
characterised by a lower endemicity than the regions included in the clinical tr e interaction
between dengue endemicity and vaccine performance, including increased ri ot fully clear yet, so it
is not known how different rates of virus circulation over time or potential diffefences between Asian and
Latin-American serotypes may affect vaccine performance in real life SWS. The SAG recognised that

the use of the vaccine is intended to be for seropositive subjects resig endemic areas. However the

use in selected seropositive travellers frequently visiting endemic régions should not be prohibited.

Furthermore, the SAG was asked to discuss the risk of severe in early infancy in children born to
vaccinated women; however the SAG is not aware of any suc | coming from the clinical trial data.
It is considered that vaccine-induced antibodies that trans@ the foetus during pregnancy would
naturally wane around 3-6 months after birth; hence a @n ial risk linked to waning antibodies cannot
be excluded.

Concerning the assay (point 3.a)), although it sh@be ultimately up to PHAs to decide which assay to
use, it was agreed that a dengue-specific assa d be well characterised, robust and fit for purpose
with respect to the endemicity of the EU regionQﬁerent specificity and sensitivity, which will have to be
tested in appropriate validation proceduresf, may indeed be required depending on the endemicity of a
particular region (i.e. low seroprevalencé/endemicity requires a highly specific test). Currently available
neutralising assays, such as PRNTSO/@ ough highly specific, are difficult to perform and would not
represent a practical way forward m ine implementation. Other assays, such as IgG ELISAs, may be
more practical to use, however tioned their lower specificity may be problematic in regions with
low/moderate endemicity wh @ risk of false positives is higher, with particular reference to Zika
cross-reactivity. In addition &as considered desirable that the performance of a new assay would be
linked to the clinical trials 4@ generated with PRNTsq in order to allow for appropriate comparison.

Concerning point 3.b) light of all the limitations mentioned, the SAG could not come up with other
recommendations fi CHMP that would help to decrease the risk of severe dengue, apart from testing

serostatus pre-v@ ion.
L 4

e SAG view on the potential impact of Dengvaxia on the infectivity of Zika

4 Wha(é
‘& r flaviviruses, and vice-versa impact of such flaviviruses on Dengvaxia
@ction from Dengue disease?

In it@d mice studies have been reported showing the potential reciprocal ability of Zika or Dengue

active antibodies to cause disease enhancement. However this link is not yet fully clarified.
Mowgover, limited studies in monkeys have not been able to show such interplay between Zika and
Dengue and epidemiological data have not yet identified any signal of increased risk of clinical sequelae
following Zika infection in Dengue immune individuals Therefore the clinical relevance of such laboratory
data is unknown and no conclusions can be made at this stage.
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Data from the vaccine studies did not hint to any increased risk of Zika infection following vaccination. The
relevance of clinical trial data is however limited because an effect on outcomes of interest (e.g.
congenital Zika syndrome) cannot be captured since events are rare. Notwithstanding it is recommended
that this aspect be followed up post-authorisation.

5. Does the SAG have any recommendations to make regarding additional spon
studies and/or how the abovementioned risks could be monitored in post- al

vaccine effectiveness studies?
2 4

The SAG considered that the best data on vaccine safety and efficacy was generated b @Il—designed
randomised clinical trials and thus a follow up by enhanced surveillance of the coho up in the trials
would be potentially beneficial to gather more information on the long term effic the vaccine,
waning of efficacy/immunity and need for and timing of booster doses. It wou e‘especially useful,
depending on availability of blood samples from the pivotal trials, if serosta
retrospectively identified by NS1 assay testing for the whole cohorts to b to link serostatus to risk
of sever dengue in the long term. The SAG were particularly concerned@arn that follow up of these
cohorts in the future was not planned, although having further robustta om these studies is critical for

further evaluation of risk/benefit that cannot be readily and robustlyagbtained post marketing.

The SAG recommended that the final data from the SEP phase efficacy trials CYD14/15 should be
requested from the company, which may provide further insi to waning efficacy and symptomatic
VCD cases.

Additionally it is acknowledged that specific booster @are planned or ongoing. Investigation of the
best posology in seropositive subjects should also be conducted post-approval.

Further information should be obtained retrospec@ from the data gathered in the Philippines and
Brazil from the implementing vaccination prog@wes (especially from the cases of deaths);
post-marketing surveillance should include gccurrence of severe dengue and waning of efficacy. However
it is acknowledged that the quality of th rom post-marketing surveillance will be lower due to
increased bias than what can be obtai m following up the cohorts of the clinical trials. Also, the
quality of the post-marketing datayisd¥argely influenced by the country infrastructure and the quality of
surveillance, so in this regard Bra%ld be viewed as a better option to conduct an effectiveness study.
In addition, the feasibility of SUQ ies may be hampered by a low vaccine uptake. Serological testing
in these populations is not r(ﬁy ut is strongly desirable to better inform the questions. Collection of
data from these populatiop couraged so to attempt a better understating of the protection level and

risks associated with base serostatus.
Considering the requi nt to vaccinate only seropositive subjects at baseline, further data that will be
generated post-a | will be expected to have serostatus assessment pre-vaccination available. In
this context, ib@commended that efforts towards long term storage of pre-vaccination blood

b

samples shos.GJ put in place by the company in selected areas.
L 4

A pregna \gistry should also be considered to follow up the potential risk of severe disease in early
infancy

e

»5.7. Conclusions on clinical efficacy

s reflected that studying children below 9 years of age who are seropositive would be

The CYD vaccine demonstrated efficacy against symptomatic VCD in children aged 2-16 YOA living in
endemic regions, with important variability across age strata, baseline serostatus strata, and according to
infecting dengue serotype.

Assessment report
EMA/791273/2018 Page 145/187



The pooled CYD14+CYD15 VE estimate against symptomatic VCD in 9-16 year olds during the whole
active phase was 65.6%, and individual study results were consistent. Overall, the efficacy of the CYD
dengue vaccine for each of the 4 serotypes was demonstrated but varied across serotype, with a lower VE
for serotypes 1 and 2 as compared with serotypes 3 and 4. Post-hoc exploratory analyses suggest that the
differences across serotypes might be confined to subjects who were dengue seronegative at eline.
The pooled CYD14 + CYD15 VE estimate in subjects from 9 to 16 years was 93.2% against iby
severe VCD and 80.8% against hospitalized VCD cases during the whole active phase (i.e. @the
25-month period after the first injection). .

N\

The 2 pivotal efficacy studies had consistent results regarding VE estimate in subjects®om’9 to 16 years
in relation to baseline dengue immune status, showing again that VE was higher i@ dengue
seropositive subjects at baseline. The vaccine has shown a clear benefit in re engue disease in
seropositive subjects 9 to 16 YOA (pooled CYD14+CYD15 VE of 79.4% durirﬂ D3 period and of
81.9% during the whole active phase). The vaccine efficacy (1- Hazard Ratio ained from exploratory
analyses (pooled CYD14 + CYD15 + CYD23) over 25-month period after injection, is estimated at
89.2% (95% CI: 78.5; 94.6) for hospitalized VCD and 95.3% (95% CI%; 99.3) for severe VCD. In
baseline dengue seronegative subjects 9-16 YOA VE against VCD w§2.5% (95% CI: 5.9; 76.1) and
inconclusive. The VE estimates in this population were also confi@ y the NS1 analysis (38% on the

edge of significance).

VE was relatively stable after dose 1 and did not increase %e 3. VE varied also considerably
according to age, with low protection levels being recor r the youngest age group (2-5 year), but
was stable above 8YOA.

In the overall population of children 2-8YOA, VE against symptomatic VCD cases over the 12-month
period starting from 28 days after the third injectio@ﬁ) due to any of the 4 serotypes was 40.5% (95%
CI: 22.7; 54.2) (pooled CYD14+CYD23). Vacc@ﬁcacy against symptomatic, severe and hospitalized
VCD during the 25-month period after the, figst injection due to any serotype (whole active phase, pooled
CYD14+CYD23), was respectively 42.2% CI: 30.6; 51.8), 45.1% (95% CI: 29.3; 76.7), 47.6%

(95% CI: 23.7; 64.0).

In order to investigate the increas Qof hospitalised dengue in 2-5YOA and the effect of baseline
serostatus on VE, additional post- nalyses were conducted to expand the dataset of subjects with a
baseline serostatus assessme 1 analysis). Results are fully conclusive that dengue serostatus at
baseline more than age is th&riving factor for vaccine safety and efficacy.

Based on the NS1 supplemegtal study, the CYD14 VE estimate against VCD cases in seronegative
subjects 2-8 years was“on statistically significant with a value 18.7% (M0-M25 period, multiple
imputation analysisY.

The efficacy of )@ccine in seronegative individuals is measurable but data are inconclusive due to a
limited numbﬁ}eronegative subjects or non-statistically significant based on the NS1 analysis, and an
increased Fi hospitalised dengue including clinically severe dengue (predominantly Dengue
Hemorrhg ever grade 1 or 2) was observed regardless of age. For seronegative individuals, CYD

i €D Pears to be a weak primer which induces immunity of poor quality (low neutralizing titres),
aning. Also, this confirms that the risk pattern of seronegative individuals is very similar to that
in'the overall population of young children 2-5 YOA, suggesting that the excess risk in young children
is actually reflecting their high seronegativity level.

Even in highly endemic countries, a substantial proportion of the population is seronegative (up to 20%
on average) with important geographical and temporal differences resulting in higher proportions of
seronegative individuals locally. Endemicity alone is therefore not considered an appropriate risk
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minimization measure to avoid vaccination of seronegatives.

The data available support the biologically plausible argument that CYD vaccination of seronegatives
mimics a primary infection and increases the risk of hospitalized and severe dengue following subsequent
dengue virus exposure similar to that observed with a secondary dengue infection. The clinicalprofile
between severe cases in seronegative subjects in the CYD group and Placebo groups were co ble.
However, the immunopathogenetic mechanisms underlying the described findings are not .
Although antibody-dependent enhancement (ADE) has been proposed as a mechanistic I
increased risk of severe dengue upon secondary heterotypic dengue infection, there is ﬁ@c
from the studies conducted to conclude whether ADE or other pathogen, host or envifgnmental factors
are playing a role in the observed results. O

r
t evidence

CYD is highly immunogenic in sero-positive subjects but low neutralizing anti %{res are reached in
seronegative subjects. A decrease in the GMTs against all 4 serotypes was ed one year after the
third injection. Then, GMTs stabilize over the next 2 to 4 years and remai\éerior to pre-vaccination
GMTs. Consistently with efficacy data, vaccine immunogenicity increas@h age. Serotype-specific
serologic response to vaccination may not consistently match with corresponding serotype-specific
efficacy. GMTs levels are high after dose 2 and increase marginally w&dose 3. Immunogenicity varies by
country, reflecting local endemicity and serostatus at baseline.

No efficacy data were generated in individuals >16YOA and ad he bridging of efficacy is based on all
available data and overall results. Immunogenicity data available from studies in adults aged 18 to 45
years in endemic regions show that post-injection 3 GMT| st each serotype are comparable vs. GMTs
in children and adolescents for whom efficacy was dem ated in studies CYD14 and CYD15. Therefore,
protection is expected in adults in endemic areas although the actual magnitude of efficacy relative to that
observed in children and adolescents is unknown.@

An immunological correlate of protection has @en established, but the risk of VCD decreases with
increasing titres of neutralizing antibody.&

Efficacy is waning over time as shown preliminary data observed in the SEP, with VE against
symptomatic VCD in 9-16 year oldd timhated 38.7% (95%CI: 11.1; 57.8) during the years 4 to 6 after
the first injection. The need for a ing of a booster dose will be evaluated post-auhtorisation.

The CHMP considers that the f ng measures foreseen in the RMP will help to address the remaining
uncertainties and missing in ation related to efficacy:

e The following post—Qhorization effectiveness studies will be conducted post-authorisation: 1)
prospective st CYD69, which will estimate vaccine effectiveness against hospitalized dengue
in Cebu pro@, the Philippines. The distribution of cases and effectiveness according to
serotype Wilhbe explored as a secondary study endpoint in an effort to generate serotype-specific
VE da’ if Wariability in circulating serotypes over the 5-year duration allows. 2) Prospective
caseé}ol study DNG10042 in Parana state, Brazil to estimate effectiveness against
@matic and hospitalized dengue where a public dengue vaccination program is taking place.

dies CYD52, CYD53, and CYD70 will investigate effectiveness at the community level, as
@II as effectiveness at reducing frequency of hospitalization and severe forms of dengue disease.
In addition, these studies will provide a platform to identify a potential increase in disease
severity and a potential waning of protection over time (see RMP section 2.7). These studies will
be preceded and prepared for by studies DNG13, DNG25 and DNG28 to be conducted in Malaysia,
Mexico and Brazil respectively.
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e Long-term follow-up data from the pivotal efficacy studies CYD14 and CYD15 will be provided as
indicated in the RMP, including CYD15 final analyses on interactions between CYD vaccine
exposure and Zika clinical and immunological outcomes.

e CYD63, CYD64, and CYDG65 studies will investigate safety and immunogenicity of a boagter dose
of dengue vaccine administered in a subset of subjects who received the third dose of ue
vaccine 4-5 years before, in Phase II studies (CYD63 and CYD64). In addition, stud& 5 will
also investigate immunogenicity and safety of CYD Dengue Vaccine Given in 1-, 2#, -dose
schedules followed by a single booster. M %

e Study CYD50 will generate data on CYD dengue vaccine exposure in HIV+G$Aation.

e CYD66, CYD67, and CYD71 will investigate safety and immunogenicit -administration of
CYD dengue vaccine with other vaccines: booster dose of Tdap (CYDQI d HPV vaccines
(CYD67 and CYD71).

The CHMP recommends that the following data are submitted post-app@:

1. any available data on the effect of age and the baseline impfune status on vaccine efficacy in
seropositive individuals should be submitted in future PS .

2. any available data on (i) serotype-specific protection i) the impact of serotype-specific
immunity on the vaccine immunological and clinica es should be submitted in future
PSURs.

2.6. Clinical safety \O

Overall, regardless of age, 21 clinical studies t Qd CYD dengue vaccine containing the final
formulation are included in the integrated safetyganalysis. A total of 16 studies administered CYD dengue
vaccine in the final immunization schedule®f 3 injections administered 6 months apart and were
considered the main studies for the inte ‘&safety analysis and 5 studies administered CYD dengue
vaccine in other immunization schedul were considered secondary studies providing supportive
safety data.

A total of 4,614 subjects aged 9 ears (3,067 were 9 to 17 years, and 1,547 were adults aged 18-60
years) were included in the r nicity subset, in which solicited injection site and systemic reactions
and unsolicited AEs were ted

a

Pre-defined solicited actﬁ(up to 14 days) and all unsolicited reactions (up to 28 days) were assessed

in the reactogenicity %@t (RS). They were collected for all individuals following each injection in all

studies but CYD23 (&4 and CYD15, in which they were collected in a subset of subjects. All SAEs were

collected up tq a@t 6 months after the last injection in studies assessing the final formulation of the
D€ given according to the final schedule.

CYD dengue Q

*
While all®AEs are collected in the CYD14 and CYD15 efficacy studies up to 5 years post-injection 3, a
limited @ AEs (including related SAEs and hospitalized dengue cases) are collected in CYD05, CYD22,
CYDSW CYD28 during the long-term follow-up of safety.

olfowing safety endpoints were analysed:
1. in the immunogenicity and reactogenicity subset during the Active Phase:

e unsolicited systemic adverse events (AEs) reported in the 30 minutes after each dose (occurrence,
nature (MedDRA preferred term), duration, intensity, action taken, and relationship to vaccination);
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e solicited injection site reactions occurring up to 7 days after each dose (occurrence, time to onset,
number of days of occurrence, action taken, and intensity);

e solicited systemic reactions occurring up to 14 days after each dose (occurrence, time to onset,
number of days of occurrence, action taken, and intensity);
o

preferred term), time to onset, duration, intensity, action taken, and relationship to va
systemic AEs only));

e unsolicited (spontaneously reported) AEs up to 28 days after each dose (occurrence, natur
é#ion (for

e non-serious AESIs occurring up to 7 days after each dose (occurrence, nature ( xA preferred
term), time to onset, duration, intensity, action taken, and relationship to vac |on),

2. in all subjects throughout the entire study: Q
e Occurrence of SAEs, including serious AESIs. &
AESIs have been defined for the CYD dengue vaccine in all studies and% carefully monitored:
» Allergic reactions, including anaphylactic, as with any vaccip€, within 7 days after injection;

» Acute viscerotropic or neurotropic disease (AVD, AND) w@30 days after injection: the risk of

AVD and AND is linked to the surface antigens of the irus. As the CYD dengue vaccine has a
YF backbone, AVD and AND are systematically foll a preventive measure;

» Serious dengue diseases at any time during th y, linked to increase of severity of Dengue
disease starting from the first injection relate ensitization to severe dengue disease due to

vaccination. O
Patient exposure Q

A total of approximately 28,894 subjects w months to 60 years received at least one injection of the
tetravalent CYD dengue vaccine, whatev@e formulation, in completed or ongoing Phase I to Phase III
clinical studies including the 2 ongoi@cacy studies CYD14 and CYD15.

A total of 28,653 (of which 21,215 9-60YOA) received at least one injection of the final formulation,
regardless of the schedule. Ap ately 20,667 subjects 9 through 60 years of age received at least
one injection of the final forrﬂ n of Dengvaxia according to the final vaccination schedule in 13
randomized, observer-blin lacebo-controlled Phase II to Phase III clinical studies. Approximately
19,700 subjects aged. 9 toQ/ears received 3 injections of CYD dengue vaccine with the final schedule,
of which 18,369 were children and adolescents. This database allows for the detection of very common,
common and unco AEs in accordance with WHO guidelines. The database including All Studies (i.e.
the 21 studies onoled analysis) allowed for the detection of very common, common, and uncommon
AEs and SAEs N ccur with an incidence >20.1% with at least 95% probability.

of the CYD dengue vaccine is presented in the population 9 to 17 years of age and

g 18 to 60 years. In addition, data have been analysed considering other covariates: gender,
dengm nune status at baseline, and endemic versus non-endemic regions. The safety profile is based
on d analysis including a total of 1547 subjects 18 through 60 years of age and 19,120 subjects 9
gh 17 years of age.

A total of 28,653 subjects from 9 months through 60 years received at least 1 injection of the CYD dengue
vaccine (~51og10 CCID50 per dose and per serotype, regardless of the schedule) in the 21 studies

included in the integrated safety analysis. Considering the Safety Analysis Set (SafAS), a total of 27,643
subjects out of 28,653 subjects from 9 months through 60 years received at least 1 injection of the final
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CYD dengue vaccine formulation at the final schedule: 1287 were infants or toddlers aged less than 2
years, 2455 were children aged 2-5 years, 12,736 were children aged 6-11 years, 9,618 were adolescents
aged 12-17 years, and 1547 were adults aged 18-60 years. A total of 26,398 subjects received 3
injections of the final CYD dengue vaccine formulation at the final schedule:

e 1134 were infants or toddlers aged less than 2 years,

e 2397 children aged 2-5 years, @

e 12,351 children aged 6-11 years, '\
e 9166 adolescents, é

e 1350 adults aged 18-60 years.

A total of 80,816 injections of the CYD dengue vaccine (~5log10 CCID50 per nd per serotype) were
administered at the final schedule. Considering the subset of subjects fro afAS who were randomized
in the Reactogenicity Subset (RS) for reactogenicity assessments, a tota@SM subjects from 9 months
through 60 years received at least 1 injection of the final CYD dengue,vaccine at the final schedule: 1287
were infants or toddlers aged less than 2 years, 905 were children Zed 2-5 years, 2308 were children
aged 6-11 years, 1527 were adolescents aged 12-17 years, and 54F were adults aged 18-60 years.

Considering the SafAS, a total of 20,667 subjects out of 21,2@jects from 9 years through 60 years
received at least 1 injection of the final CYD dengue vacci mulation at the final schedule: 19,120
were subjects aged 9-17 years, and 1547 adults aged 1@ ears. A total of 19,719 subjects received 3
injections of the final CYD dengue vaccine formulation final schedule: 18,369 subjects 9-17 years,
and 1350 adults.

Considering the subjects from RS, a total of 461 Qcts from 9 years through 60 years received at least
1 injection of the final CYD dengue vaccine at théjnal schedule: 3067 were subjects aged 9-17 years, and

1547 were adults aged 18-60 years. &
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Table 27: Databases per Age Group from CYD Dengue Vaccine Recipients of the Final
Formulation - Subjects Aged 9 months to 60 Years

Table 28: Safety data collected dur
Recipients of the Final Formulatio

2

Database Infants | Children | Children | Adolescents| Adults | Total
and (2-5 (6-11 (12-17 (18 to 60 | N=18653
Toddlers | years) years) vears) vears)
(<2 N=1515 | N=11806 N=0G80 N=1982
yvears)
N=1651 @
Safety  -at least one dose (regardless of 1651 2525 12806 0689 1982 28653
schedule * %
-at least one dose (final schedule) 1287 | 2455 | 12736 9618 1547 | 27643 \
Reactogenidrty (at least one dose final 1287 206 2300 1527 1547 7576 {
schedule)
Safety follow-up post-injection 3" R O
1 vear 0 14134 8820 400 23453 q
1 vears 0 7681 1700 460 0850
3 vears 0 2473 171 461 31
4 3,-9;“; 0 120 43 27 19& NS
Biological parameters 170t 305 1 300 @
Viremia 2691 301 71 in 57
Immunogenicity (final schedule)
Non endemic region 0 0 0 0 87 873
Endemic region 1651 763 1833 1510 : 4400
Latin America 1472 100 951 949 2000
Asia Pacific 179 663 882 361 Hy 2400
Ab persistence assessment
1 vear 0 568 1393 1193 47 3301
2 vears 0 101 152 16 5 567
3 vears 0 o8 154 140 558
4 vears 0 o8 151 133 541
5 Years 0 2 24 I 0 77
Efficacy § \ V
Phase ITh (CYD23) 0 482 2184 \ v 0 2666
CYD14 0 1655 3638 1555 0 6848
CYD15 0 0 6 7609 0 13916
Phase I (CYD14 and CYD15) 0 1655 3 0164 0 20764

ireibig-term follow-up from CYD Dengue Vaccine

o &
Number of subjects who Planned total Data collected during the long-term follow-uj . .
J 2 4 P Data included in the
. received the CYD dengue duration of : | o
Study vaccine follow-up SAEs Dengue cases integrated analysis
CYDOS 123 5 years after om 6 months after the last injection to 4 years after the last From 1 year after the last injection to 4 | All data: 5 years after
last injection ection: all SAEs (except accidents, hospitalizations due to years after the last injection: dengue the last injection
ccxisting conditions and planned surgeries) and deaths cases
From 4 years to 5 years after the last injection: SAEs upon From 4 years to 5 years after the last
Investigator’s judgment injection: hospitalized dengue cases
g Judgny 4 P U
CYD22 120 4 yeang aftegthe From 6 months after the last injection to 4 years after the last From 1 year after the last injection to 4 | Data until 4 years
last iny 0 injection: related SAEs and fatal SAEs years after the last injection: dengue after the last injection
cases
CYD28 808 rs after the From 6 months after the last injection to 4 years after the last From 1 year after the last injection to 4 | Data until 4 years
ast injection injection: related SAEs and fatal SAEs years after the last injection: after the last injection
hospitalized dengue cases
CYD23 + 2668 5 years after the From 6 months after the last injection to 5 years after the last From 1 year to 5 years after the last Data until 3 years
CYD57* N last injection injection: related SAEs and fatal SAEs injection: hospitalized dengue cases after the last injection
CYD14 G \ 5 years after the From 6 months after the last injection to 5 years after the last From 1 year after the last injection to 5 | Data until 2 years
last injection injection: all SAEs years after the last injection: after the last injection
- ) ] hospitalized dengue cases
CYD15 i1t 5 years after the From 6 months after the last injection to 5 years after the last From 1 year after the last injection to 5 | Data until 2 years
last injection injection: all SAEs years after the last injection: after the last injection
hospitalized dengue cases

* CY’DS@ not included in the pooled analysis
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Table 29: Number of Subjects Followed per Completed Year of Long-Term Safety Follow-Up

Estimated Number of subjects (n)”

Safety follow-up post- Studies included Children Adolescents Adults

injection 3 Total
! (-117y) (12-17y)  (1845y) o
CYDO05, CYD22, CYD28, CYD23/57, - :
Lyear Follow-up CYDos, CYD22 : : 14,134 8.829 490 23,46
. CYDO05, CYDI14, CYD22, CYD28, 13.612 8.693 469 2‘@
2-year Follow-up* CYD23/57, CYD15 B ' . %
3_year Follow-upi CYDO5, CYD22, CYD28, CYD23/57 2473 171 461 { 3,105

CYDO5, CYD22, CYD28 338 168

4-year Follow—up§

" Number of subjects calculated based on the following rules: real yearly mumber of subjects who recet
dengue vaccine ~5 logyg CCIDs; of serotypes 1. 2, 3 and 4 when study completed.
T Corresponds to Year 1 Hospital Surveillance/Phase in CYD23/57, CYD14 and CYD1S5.

3 atfjections of CYD

T Corresponds to Year 2 Hospital Surveillance in CYD23/57. ﬁ
§ Year 3 Hospital Surveillance in CYD23/57 is completed but as the database is not locked and = 1alyzed (as per protocol) at
the time of the present Application, no number of subjects followed during this year is prﬁ{ed in this table.

Adverse events Q@

Solicited local symptoms

Solicited injection site reactions after any CYD dengu v@e injection are presented in Table 30 by age
group in 9 through 60 year-olds in the reactogenicitykset in main safety studies.

Table 30: Solicited injection site reactions al@any CYD dengue vaccine injection during the
solicited period - Subjects Aged 9 Years Qﬂbove - RS Main Studies Pooled

Atlu%léto 60 years) Subjects 9 to 17 years
Subject with at least one n/l 1 Y0 | (95% CI) n/M % | (95% CT)
Solicited injection site reaction R T&Ndl 46.9|(44.3; 49.4)| 1556/3050(51.0| (49.2; 52.8)
Grade 3 solicited injection site reactio; 11524 | 0.7 (0.4:1.3) | 45/3050 | 1.5| (1.1:2.0)
Pain /1524|45.2|(42.7; 47.7)| 1502/3050|49.2| (47.5; 51.0)
Eryvthema 120/1524| 7.9 (6.6;9.3) | 255/3049 | 84 | (7.4:9.4)
{ 37/1524 | 2.4| (1.7:3.3) | 209/3050 | 6.9 | (6.0;7.8)

Swelling
n: number of subjects experien the endpoint; M: number of subjects with available data for the relevant endpoint

Solicited injection si%tions were reported in approximately half of the subjects with a low proportion
experiencing Gra actions in subjects aged 9 years and over. Of all solicited injection site reactions,
less than 1% KGrade 3.

In adult s Qty solicited injection site reactions were more frequently reported in the Dengue Group

than in t&ebo group, whereas similar trends were observed in the Placebo and Dengue Groups in
subjec 9 to 17 years. The occurrence of solicited injection site reactions was similar in adults and
su 'e@ged 9 to 17 years in the Dengue Group.

tion site pain was the most commonly reported reaction (more than 45% of subjects). The majority
of these reactions was of Grade 1 intensity and resolved within 3 days without sequelae. Grade 3
reactions occurred at a rate below 1.5% in all age groups and were of short duration (<3 days) and
reversible (Table 30). Rates of solicited injection site reactions remained similar after each successive
injection.
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Similar trends were observed in children 2 to 11 years, in which reactogenicity tended to be more
frequent than in adults in both the CYD dengue and placebo groups. In toddlers (Dengue Groups only),
the occurrence of solicited injection site reactions tended to be lower compared to other age groups.

Table 31: Solicited injection site reactions after any CYD dengue vaccine or placebo dose by
maximum intensity during the solicited period - Subjects 9-17 years — RS Main Stud

Pooled @
CYD dengue vaccine Placebo * %
Subjects {\
experiencing Maximum
at least one:  intensity n/M % (95% CI) n/M % (95% CI) O
Pain 1502/3050 49.2  (47.5;51.0) 574/1470 39.0 (36.5; 41.6}Q
Grade 1 1232/3050 404  (38.6;42.2) 486/1470 331 (307, 35.&
Grade 2 229/3050 75 (6.6; 8.5) 76/1470 52 (41,64
Grade 3 41/3050 1.3 (1.0;1.8) 12/1470 038 (0451
Erythema 255/3049 8.4 (7.4:94) 110/1470 7.5 (6.2 @
Grade 1 230/3049 75 (6.6; 8.5) 106/1470 72 (5.9:8.7)
Grade 2 24/3049 08 (0.5:1.2) 3/1470 0.2 g.o; 0.6)
Grade 3 1/3049 <0.1 (0.0; 0.2) 1/1470 @(0.0: 0.4)
Swelling 209/3050 6.9 (6.0; 7.8) 75/1470 % (4.0; 6.4)
Grade 1 186/3050 6.1 (53;7.0) 69.-"14707 (3.7;5.9)
Grade 2 20/3050 0.7 (0.4;1.0) (0.1; 0.8)

5/1 03

Grade 3 3/3050  <0.1 (0.0;0.3) \Q <0.1 (0.0;04)
Table summarizes worst case for a subject which is the 111ax1'3_uunlhtensiry observed from each dose
n: number of subjects experiencing the endpoint
M: number of subjects with available data for the relev. oint
CYD dengue vaccine ~5 logyg CCIDsq of serotypes 1. -m@d 4
Main studies applied a DO/M6/M12 vaccine schegdude
Contributing studies: CYD13 CYD14 CYD15 Cé)&(?ﬂ)ﬁ CYD24 CYD28 CYD30 CYD32

Solicited systemic reactions 0

Solicited systemic reactions after @YD dengue vaccine injection are presented in Table 32 by age
group. They consist of clinical z@twe and subjective signs.

Table 32: Solicited syste ﬁ-eactions after any CYD dengue vaccine injection
Q Adults (18 to 60 years) | Subjects aged 9 to 17 years

Subject with at least \\ n/M % | (95% CI) n/M % | (95% CI)
Solicited systemic lgé‘ 999/1524 |65.6| (63.1; 67.9)| 2043/3050 | 67.0 | (65.3; 68.7)
Grade 3 solicitul‘&e}ic reaction | 164/1524|10.8| (9.2;12.4) | 338/3050 [11.1(10.0; 12.2)
Fever . (}v 75/1522 | 49| (3.9:6.1) | 500/3040 [16.4|(15.1;17.8)
Headach v\\I 784/1524 |51.4| (48.9; 54.0)| 1649/3048 | 54.1(52.3; 55.9)
Malaise 675/1524 |44.3| (41.8; 46.8) | 1247/3047 [40.9 | (39.2; 42.7)

643/1524 |42.2| (39.7; 44.7)| 1280/3047 [42.0 | (40.2; 43.8)

432/1524|28.3 | (26.1; 30.7)| 1042/3047 |34.2|(32.5; 35.9)

Overall, solicited systemic reactions tended to decrease after each successive injection. The most
common solicited systemic reactions were headache (>50%), malaise (>40%), myalgia (>40%) and
asthenia (<35%). Over 60% of participants reported a solicited systemic reaction, of which
approximately 10% were Grade 3. Most Grade 3 solicited reactions were related to headache or fever.
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Fever occurred less frequently than headaches (approximately 16% in subjects aged 9 to 17 years and
less than 5% in adults) but tended to occur throughout the observation period for solicited reactions.

In the Placebo Group, the incidence of each solicited systemic reaction was comparable to that of the
Dengue Group for subjects aged 9 to 17 years, whereas incidence was slightly higher in the Dengue Group
than in the Placebo group in adults. However, regardless of age, the time to onset and number ys of
occurrence were similar in the Dengue Group and Placebo Group.

Similar trends were observed in adolescents (12 to 17 years), in children (2 to 11 years,- 34) andin
toddlers (<2 years of age) as in subjects aged 9 to 17 years (Table 33). {

Table 33. Solicited systemic reactions after any CYD dengue vaccine or pla o dose by
maximum intensity during the solicited period — Subjects 9-17 years in Studies

Pooled &
CYD dengue vaccine Placebo 0
Subjects

experiencing Maximum @
at least one:  intensity n/M %9 (95% CI) n/M %% (95% CT)

Fever 500/3040 16.4  (15.1;17.8) 228/1465 15.6 (13.7; IQ

Grade 1 242/3040 8.0  (7.0,9.0) 119/1465 8.1 (6.9799%5)
2 \
3

8
5 \
Grade 3 91/3040 3.0 (24;37)  33/1465 2. Ql)
Headache 1649/3048 541 (52.3;55.9) 762/1471 51.0.2,‘4.4)
(

Grade 2 167/3040 55 (47.64)  76/1465

Grade 1 979/3048 321 (30.5,338) 454/1471 28.5;333)
Grade 2 475/3048 156 (143;169) 239/14 (14.4:18.2)
Grade 3 195/3048 6.4 (5.6:7.3)  69/1471 7 (3.7,5.9)
Malaise 1247/3047 409  (39.2:42.7) 55 375 (35.0;40.1)
Grade 1 783/3047 257  (24.2:273) m 243 (22.1;265)

Grade 2 340/3047 11.2 (10.1;12.3) 71 105 (9.0;12.1)
Grade 3 124/3047 4.1 /1471 28 (2.0.38)
Myalgia 1280/3047 42.0 560/1471 38.1  (35.6; 40.6)
Grade 1 826/3047 271 375/1471 255 (23.3;27.8)
Grade 2 351/3047 115 154/1471 105 (9.0;12.1)
Grade 3 103/3047 34 3171471 21 (1.4:3.0)
Asthenia 1042/3047 34, .5, 35.9)  460/1471 313 (28.9; 33.7)
Grade 1 653/3047 @ (20.0;22.9) 301/1471 205 (18.4:22.6)
Grade 2 285.-'304&. (84:10.5) 120/1471 82 (6.8;9.7)
Grade 3 103/ 4 (2.8;4.1)  39/1471 2.7 (1.9:3.6)
Table summarizes worst case for agubject which is the maxinum intensity observed from each dose

n: number of subjects experfencing th®endpoint

M: number of subjects wit! ‘XDIE data for the relevant endpoint

CYD dengue vaccine ~5 "CIDS0 per dose of serotypes 1. 2. 3 and 4

Main studies applied /M12 vaccine schedule

Contributing srudit\ 3CYDI14 CYD15 CYD22 CYD23 CYD24 CYD28 CYD30 CYD32

9
N
Ko

-t
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Table 34. Solicited systemic reactions after any CYD dengue vaccine or placebo dose by
maximum intensity during the solicited period - Children (2-11 years) - RS Main Studies
Pooled

CYD dengue vaccine Placebo
Subjects
experiencing Maximum b
at least one:  intensity n/M % (95% CI) n/M % (95% CT)
Fever 635/3192 199  (18.5:21.3) 259/1503 172 (154:;19.2) @
Grade 1 315/3192 9.9 (8.9:11.0) 129/1503 8.6 (7.2:10.1)
Grade 2 204/3192 6.4 (5.6:7.3) 85/1503 5.7 (4.5:6.9) .\%
Grade 3 116/3192 3.6 (3.0:4.3) 45/1503 3.0 (2.2:4.0) {
Headache 1577/3200 493  (47.5:51.0) 675/1504 449 (42.3:474) O

Grade 1 1099/3200 343 (32.7:36.0) 458/1504 30.5  (28.1:32.8)
Grade 2 357/3200 112 (10.1:12.3) 167/1504 11.1 (9.6:13,{@

Grade 3 121/3200 3.8 (3.1: 4.5) 50/1504 3.3 (2.5:44
Malaise 1337/3199 41.8 (40.1:43.5) 554/1504 36.8 (344
Grade 1 936/3199 293 (27.7:30.9) 389/1504 259 23 9%8.
Grade 2 315/3199 9.8 (8.8:10.9) 133/1504 88 (”@)
Grade 3 86/3199 2.7 (2.2:33) 32/1504 21 Qi 3.0
Myalgia 1233/3199 385  (36.9:40.3) 519/1504 34 32.1: 37.0)
Grade 1 012/3199 285  (26.9:30.1) 398/1504 m}i.lz 28.8)
Grade 2 248/3199 7.8 (6.8:8.7) 96/1504 Q (5.2:7.7)
Grade 3 73/3199 23 (1.8:2.9) 25/1504 7 (1.1: 2.4)
Asthenia 1028/3199 321  (30.5:33.8) 438 201 (26.8:31.3)
Grade 1 699/3199 219  (20.4:23.3) 6 21.0  (19.0:23.2)
Grade 2 260/3199 8.1 (7.2:9.1) 90/104 6.0 (4.8:7.3)
Grade 3 69/3199 22 (1.7:2.7) A \§2/1504 2.1 (1.5:3.0)

N/

Unsolicited AEs Q

Slightly less than one half of subjects recei%ng dengue vaccine reported an unsolicited AE (from 44.2 to
46.2% of subjects). These were primaril ical conditions commonly seen for the age groups described
(9-17 and 18-45 years of age) and w@ostly not severe and unrelated to vaccination. The incidence of
unsolicited non-serious AEs tende rease with subsequent injections. Most unsolicited non-serious
AEs were of Grade 1 and 2 intensi rade 3 AEs were reported by 5.4% of subjects aged 9 to 17 years

and by 8.5% of adult subjectgj

In adults, 11.6% of subje at least one unsolicited AE related to injection by the Investigators,
whereas in subjects edﬁﬂ years, 2.2% of subjects had at least one unsolicited AE assessed as
related to injection. T ature of these AEs in terms of SOCs and PTs can be expected given the age
group of the subjec e most frequently reported non-serious unsolicited AEs were in the SOCs
Infections and‘ir@tions, Respiratory, thoracic and mediastinal disorders, Gastrointestinal disorders,
General disor&} d administration site conditions, Nervous system disorders, in subjects aged 9 to 17
years anddn s, and Musculoskeletal and connective tissue disorders, Injury, poisoning and
Nplications in adults only. The incidence was <3% in the remaining SOCs.

Grade 1 or 2. Less than 1.5% of subjects (1.3% in adults and 0.2% in subjects aged 9 to 17 years) had
an unsolicited AR of Grade 3 severity.

There were no safety concerns related to the nature and frequency of unsolicited AEs.
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Similar trends were observed in adolescents (12 to 17 years), children (2 to 5 years and 6 to 11 years)
and infants and toddlers (Dengue Groups only) as in subjects aged 9 to 17 years.

Conclusion on related AEs

For potential allergic reactions within 7 days, reactions of all seriousness and rash of all natures haye been
considered to calculate the frequency of these events:

rash and 1 case of rash erythematous (6/1547, uncommon); 2 cases have been reportek Idren aged

A total of 6 cases of rash have been reported in adults, including 2 cases of rash generaliE@icases of
from 9 years (rash and rash maculo-papular) (2/3068, rare);

A total of 4 cases of urticaria have been reported in children aged from 9 years, in L@; one related SAE
(with a history of allergic rhinitis) (4/3068, Uncommon).

For the other related SAEs, they were isolated in terms of nature and frequ&gnly 1 subject for each,
which corresponds to a frequency below the level of detection of the saf abase i.e., > 0.1%).

The reactions listed in the SmPC are the following in subjects aged 9, to years:
Very common (=10%): headache, myalgia, injection site pain, iSe, asthenia and fever
Common (21% and <10%): Injection site reactions (erythe elling)

Uncommon (=0.1% and <1%): lymphadenopathy, upper n@at ry tract infection, dizziness, Migraine,
oropharyngeal pain, cough, rhinorrhoea, nausea, dry m , (generalised) rash, urticaria, neck pain,
arthralgia, injection site induration and warmth, injec te reactions (hematoma, pruritus), chills,
fatigue.

The most frequently reported adverse reaction common and Common) are similar for children
aged 9 to 17 years and for adults, with few differ@gces in terms of frequency, i.e. fever was less frequently
reported in adults (common) and injectio% hematoma and pruritus was less frequently reported in
children aged 9 to 17 years (Uncommon(J

Regarding the uncommon advers e@ns, age group specificities have been observed:
lymphadenopathy, migraine, arth and were reported only in adults, urticaria was only reported in
subjects aged 9 to 17 years, an@ r respiratory tract infection, dizziness, oropharyngeal pain, cough,
rhinorrhoea, nausea, rash ar( pain were less frequently reported in subjects aged 9 to 17 years

(rare or very rare). Qe
The safety profile of thQ(D ngue vaccine was acceptable within 6 months post any injection in all the
populations studied, 4* all age groups and regions (non-endemic, endemic Asia Pacific, or endemic
Latin America), and.i pective of gender and dengue, FV, JE or YF status at baseline based on post-hoc
analyses. .

Approximately 28,600 subjects aged 9 months to 60 years received at least 1 injection of the final
formulati \gardless of the schedule. Among these subjects, 21,215 subjects were in the target age
indicati 0 60 years of age). The majority of the subjects are children and adolescents with 1982
ad t@d 18 to 60 years of which 241 were over 45 years receiving at least one dose. The database

or the detection of very common, common and uncommon AEs, i.e. incidence =0.1%, in
acegrdance with WHO guidelines (48). The majority of subjects have been followed for safety for at least
1 year while all of the subjects enrolled in the 3 efficacy studies will be evaluated for safety and the
occurrence of SAEs (all SAEs in CYD14 and CYD15 and related SAEs in CYD57) and hospitalized VCD for
5 years post-injection 3 with the provision of regular safety reports in an ongoing basis (please refer to
section 4.4).
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The methodology and outcome measures for the safety database were appropriate and similar across all
clinical studies so that data could be pooled for analysis which increased the power for the detection of
safety signal. The data demonstrated that the reactogenicity profile after any injection of the CYD dengue
vaccine is similar to licensed vaccines used in the age groups that have been studied and also similar
when compared to placebo. Unsolicited AEs reported during the 28-day monitoring period afte ch
injection were common medical conditions normally observed in these age groups and occur eﬁh
similar frequency compared to control groups.

The safety profile of the CYD dengue vaccine in terms of incidence, severity, and natuf @/ents was
generally similar to that reported after injection of placebo, although in adults, the i ence of several
clinical safety parameters had higher incidence in the Dengue Group than in the Pl@o Group. The
safety profile of the CYD dengue vaccine (reactogenicity) was found to be simi] Q at of comparator
vaccines, i.e., different licensed vaccines (MMR, YF, dTaP-IPV/Hib, PCV13) r% sed as benefit
vaccines or as part of the vaccination schedules of the under 5 years age gr . No data are available
concerning the claimed target population of 9 years and above. This is ed in section 4.5 of the
SmPC.

Serious adverse event/deaths/other significant events é

Deaths q

Deaths were reported with a similar frequency in both Dengue®and Control Groups. No deaths were

assessed as related to the study vaccine in any studx‘o

A total of 10 fatal cases due to dengue disease occurred dfter vaccination as reported from the worldwide
post-marketing setting (including public program he Philippines and the Parana state of Brazil) (see

section 2.6.1). Q
Serious adverse events (non-Dengue  related)

SAEs within 28 days after any injection @ reported in approximately 1% of subjects (between 0.6%
and 1.8% depending on the age gro%nd were mainly diseases, infections or injuries commonly

reported in these age groups, andb

In the Phase 3 trials, the numb serious adverse events (SAEs) was similar between CYD and placebo
group. Related SAEs up to 28§ fter a CYD injection occurred in 6 subjects (headache and polymyalgia
rheumatic in adults, and al iCturticarial-asthma, acute polyneuropathy, ADEM and tension headache in
9-17 year-old participantsQ additional SAE was classified as related by the investigator in the 28 days
to 6 months post CYD iffjection (blighted ovum), and 1 SAE of convulsion was judged to be related by the
sponsor (not the In ator). For ADEM, acute polyneuropathy and convulsion, no vaccine viruses were
isolated from Eh jects.

ter in terms of nature and frequency was observed.

No safety corgem were identified during long-term follow-up of all studies having a long-term follow-up
(Cut-off A 1 September 2015), as no evidence of excess of any specific SAEs were reported. In
particula related SAEs were reported in the Dengue Group.

Ov, a@ere is no evidence of an association between CYD-TDV and non-dengue serious adverse events

n clinical trials for the population aged 9-60 years. There are a limited number of trial participants
beygnd 16 years of age to assess the risk of serious adverse events in the 18-45 year population. Even for
the 9-16 year-olds, the population included in the Phase 3 trials, risks of rare serious adverse events
would require further assessment in post-licensure studies, as for any other vaccine.
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Adverse Events of Special Interests (AESIs)

The following AESIs have been defined by the Applicant: allergic reactions within 7 days after vaccination,
acute viscerotropic or neurotropic disease (AVD, AND) with 30 days after vaccination, and serious dengue

disease at any time during the study.
Allergic reactions b
They were selected as AESIs for the CYD dengue vaccine since, as with any vaccine, a ri lergic

very rare. Allergic reactions were collected in all studies as unsolicited AEs including . For the
purposes of the pooled/integrated analysis, and in order to ensure homogeneity, @ylactic reactions
were identified and analysed in all studies based on the Standardized MedDRAQQ‘ SMQ) algorithm to
detect potential anaphylactic reactions. In addition, a pre-defined targeted list0f was used in order to
detect potential systemic allergic reactions. As a result, the pooled/integra@ nalysis may provide
different results than those reported in the individual CSRs.

reaction with the CYD dengue vaccine, in terms of rash, urticaria, severe asthma, or sh% ossible but
Es

No immediate anaphylactic shock has been reported post-vaccinatiop. subjects receiving CYD have
experienced a serious potential allergic reaction: 4 subjects with as &@/asthmatic crisis (all had medical
history), and 1 urticaria (with history of allergic rhinitis). In the cgbo group, there was one serious

adverse event suggestive for allergic reaction (asthma in a su@with a history of asthma).
Viscerotropic and neurotropic events Q

These events were selected as AESIs because a YF-1 Qating engine is used as construct of the CYD
dengue vaccine, and based on the assumption that v%tion with a YF-17D vaccine could be associated
with the extremely rare occurrence of acute visce@pic and neurotropic diseases (within 30 days after
vaccine injection). Guidelines for the early dete€tion and evaluation of suspected cases of viscerotropic
and neurotropic diseases, including assessmerﬁlaccine virus replication and of differential diagnosis,
were provided to the Investigatorsin all c al studies. These guidelines were written in accordance with
the Centre for Disease Control’s (CDC) dase)definitions for YF vaccine-associated viscerotropic disease
(YEL-AVD) and neurtropic disease (YEL ). The guidelines were updated during the clinical
development program to reflect t?ﬁ ton collaboration recommendation for a risk window for
YEL-AVD of 30 days instead of 1 . Therefore, the time to onset for suspected viscerotropic disease
was extended from 10 days t ays. Events reaching level 2 of viscerotropism or neurotropism were
to be reported as SAEs. {

10 SAEs occurring within 30zxdays from any injection were reported as suspected neurotropism or
viscerotropism cases&were further investigated, in particular in the Dengue Group. In all biological
specimens from the jects, genomic amplification was negative for vaccine virus and/or WT YF virus
strains. None g)f eSe suspected cases were confirmed as neurotropic or viscerotropic disease.

Biological sp@‘us from 9 subjects were tested for neurotropism:

.
e 3 N Dengue Group for whom the PTs of the final diagnosis were ADEM (CYD14), acute
europathy (CYD15), and convulsion (CYD15).

in Placebo Group, who received yellow fever vaccine concomitantly with the placebo, for whom
the PT of the final diagnosis was viral meningitis, followed by acute cerebellitis (CYD29).

e 5in the Placebo Group for whom the PTs of the final diagnosis were convulsion (CYD14),
encephalitis viral (CYD14), visual impairment (CYD15), VIIth nerve paralysis (CYD32), and
meningitis viral (CYD28).
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Biological specimens of 1 subject were tested for viscerotropism in the Dengue Group, for whom the PT of
the initial diagnosis was Guillain-Barre Syndrome and the final diagnosis was leptospirosis (CYD15).

Overall, no events of viscerotropic or neurotropic disease were observed after administration of the CYD
dengue vaccine in any studies. There have been no confirmed AVD or AND cases in the studies. {No risk of
viscerotropism, neurotropism or sensitization to severe disease was identified from non-clinic
pharmacology either. However, considering the characteristics of both the attenuated vacci the
parent viruses (i.e. wild-type dengue and YF 17D viruses), theoretical risks may exist. TI@ ks were

closely monitored during clinical trials (including long term follow-up), and will continu%\ monitored
once the vaccine is licensed. {
Severe dengue disease O

In agreement with WHO guidelines, the Company has gathered data to det% that the immune
response to the vaccine does not predispose vaccinated individuals to deve

natural infections in endemic regions. Thus, SVCD cases were followed cl Q
dengue vaccine.

vere dengue following
clinical studies with CYD

The Company has determined the density incidence of SVCD in the’&ngue vaccinated group and in the
control group, and then calculated the Relative risk of SVCD in va ted subjects to those who received
placebo. The Applicant has made these calculations for each %three individual efficacy studies
(CYD14, CYD15 and CYD23), as well as for the pool of the als. These data have been stratified
according the Dengue serotype causing the SVCD case, %ifferent age groups (all subjects 2 to 16
YOA; claimed indication 9-16 YOA, 12/14 to 16 YOAN2- A and 6 to 11 YOA).

For the analyses of SVCD performed in the Active Rhase, and considering that RR can be basically
converted to Vaccine efficacy against SVCD by a @g the formula VE= (1-RR)x100, it should be
mentioned that the assessment made in the eéb/ section of this report regarding SVCD VE also apply
to this safety section regarding RR of SV

With respect to the data described in thi@ety section, in the three trials there was no excess of SVCD
cases during the Active Phase (25-month following the first injection) in the Dengue Group compared to
the Control Group regardless of th ategory.

Active Phase O

During the Active Phase, no i&ease of risk of SVCD disease was observed. There was no excess of SVCD
due to any serotype in su in the Dengue Group compared to the Control Group regardless of the age
of the population in tlx?ef cy trials CYD14, CYD15, and CYD23. In both adolescents and children,
SVCD occurred with and similar density incidence in the endemic AP and endemic LatAm regions,
and there was no of SVCD in the Dengue Group compared to the Control Group in the 2 endemic
regions AP and

N
The impact o@g’ group, gender, region was limited to trends toward differences in incidences of safety
paramet Ning the active phase for the >9 years of age. As the trends were generally also observed
in the P Group, an impact of reporting practices in the various populations was suspected.

HoSpi hase

Long-term follow-up (LTFU) was defined as the period from Month 6 after the last injection onward for
SAEs and from Year 1 after the last injection onward for dengue cases (designated as
Surveillance/Hospital Phase).
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The pooled data from the three trials CYD14+CYD15+CYD57 up to Year 4 Hospital Phase in CYD57 and
Year 2 Hospital Phase in CYD14 and CYD15 indicated that the incidence of hospitalized VCD cases during
Year 1 and Year 2 Hospital Phase was, for the age group 9-16 years, significantly lower in the Dengue
group compared to the Control group (RR=0.5 [95%CI: 0,28; 0.89] and RR=0.562 [95%CI: 0.32; 1.00])
respectively, indicating VE. For the age group 2-8 years, the hospitalized VCD cases tended to higher
in the Dengue group compared to the control group at Year 1 HP (RR=1.576 [95%CI: 0.81; é
Moreover, for the serotype 2 in this age group, the RR was statistically higher than 1 (RR= 7. 5%CI:
1.24; 333.98], 16 cases in the Dengue group vs 1 case in the control group), which irﬁ@ that more
hospitalized VCD due to serotype 2 occurred in the vaccinated than in the control grou n these data
were analysed per individual trial according to different age groups, the unbalance %conﬁned to the
age group 2-5 years (Y1 of CYD14), since there were 15 cases in the Dengue gro 1 in the control,
which resulted in a RR = 7.454 (1.15-313.80) (with the 95%CI not includin

When looking at the data available as of September 2016 gathered during% U, there appears to be
a similar unexpected result in several of the age group. In trial CYD57, for e group 9-11vy, there are
11 and 5 hospitalized VCD cases in the dengue and control group, resp@ely at Y4 HP (RR= 1.120
(0.36; 4.11)).

Table 35: Incidence of hospitalised VCD cases during the @e study by age group - Efficacy

Studies Integrated Pooled SafAS Q
YD Dugue"- lccme@ - Contral Gronp
N=11690) Relative Ritk

al Annual
Age BLaty Incidence Bate n
Stody Serotype Gromp Time period Cazes Ep:su-d.es Cases M (P58 CT) Episodes RE  (#5% CI)
YL Any seretypes O-10 vear Tear I (L0 wo Imecnon 5) 3 10‘: VERB» 3 2 32l 0400 1.3 ] 03T (00e; Bka)
olds
Year 2 (Injection 3 o the end of 3 10035 (0.1 0.8) 3 ] 508 L6 (0.8; 3.1) a 0168  (0.03; 0.6B)
Active Phazea)
Active Phazs [ 1 3 (0.1; 0.8) 13 11 513 1.0 {0.5; 1.8) 11 0.275  (0.08; 0.81)
Year 3 (first vear of Hospital Phass) 3 040.1: 1.3 3 5406 13043 50307 (005 158)
Year 4 (second vear of Hospital 3 04 (01; 1.1) 3 5 406 12(0429) 5 0307 (005;158)
Phase)
Year 5 (third year of Hospital Phase) g Wg781 0.1 (0.0; 0.7) 1 341 07023 3 0071 (000:213)
Year & (fourth year of Hospital ‘ 11' 768 140725 11 331 130430 5 LI (03&41D
Phase)
Hospiral Phase 18 T84 13(14:38 18 18 201 452770 18 0511 (025 1.04)
Entire Study 14 863 0.5(0.3; 0.7) 24 pL 430 L1 {0.7; 1.§) 20 04311 (0.23;0.75)
In trial CYD14, for the age grou y, there were 12 and 1 hospitalized VCD cases in the dengue and

control group, at Y2 HP (RR=6.
during the active phase an

(0.89; 257.67)). Overall, the RR was <1 (RR=0.219 (0.08; 0.38))
above 1 for the hospital phase (RR=2.266 (0.75; 9.20)).

Table 36: Incidence of h italised virologically-confirmed dengue cases during the entire
study by age grou;ﬂ\ficacy Studies Integrated/Pooled SafAS

A\~ 4 CYD Dengue Vaccine Group Control Group
(N=13413) (M=114620) Relative Risk
Annual Annual
Imcidence Bate n Incidence Eate n
Stody Serotype Gri Time period Cases M (958 CT) Episodes Cases A (P58a CT) Episodes ERE (954 CT)
CiDl= \, Uwvear TYear [ (D0 to Ingection 5 3 1ial U501 05) 3 ) B3] U5 ]; 1) 2 uala  (0Is05.18)
ds
Year 2 (Injection 3 to the end of b 17351 0.1 (0.0; 0.4 1 12 B7R 130722 12 0.084  (0.01:0.38)
Artive Phaze)
Active Phase 7 1736 0201048 7 14 881 0005 1.4) 14 0219  (0.08:0.58)
@ Year 3 (first year of Hospital Phass) [ 1742 04(0.1;08) & 3 877 04(01; 1.1) 3 1007 (032:622)
Year 4 (second year of Hospital 12 1738 070411 12 1 873 0.1 (0.0 0.5) 1 6028 (0.89: 257.467)
Phaze'SEF)
Hospital Phaze 18 3316 0.5(0.3;08) ] 4 1675 0.2 (0.1; 0.6) 4 1266 (0.75:0.20)
Surveillance Expansion Period - - - - - - NC )
Hospital Phaze/SEP 18 1740 0.5 (0308 12 4 875 0.2 {0.1; 0.6) 4 1263 (075 0.19)
Entire Study 15 1748 0402035 25 20 878 0.6 (03; 0.9) 20 0628 (033:119)
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To assess the overall long-term safety and efficacy of the vaccine, the Applicant provided an analyses of
the RR of hospitalized VCD and SVCD cases detected from the first injection till the end of each of the four
years of hospital phase, showing that over the observed period, and for all trials, the RR remains <1.

Nonetheless, there is a slow increase of RR overtime in all studies potentially suggesting a slight waning

of efficacy but RR remains <1. Based on the available data, the above analyses confirmed the ased

risk of hospitalized VCD cases in vaccinees versus placebo recipients over time, i.e. since ﬁrsm ion up
k

to the end of Year 2 (CYD14 and CYD15) or Year 6 (CYD23/57). The same trend for decre is also
observed for SVCD in vaccinees versus placebo recipients up to the end of Year 2 in CY nd CYD14.
Due to the limited number of cases reported in these studies, the conclusions on the ¥isk of SVCD
overtime are to be considered with caution, especially in CYD23/57. O

Table 37: Incidence and relative risk of hospitalised virologically confi
to any serotype from Injection 3 to end of the Active Phase and fr¢5

engue cases due
ction 1 to end of
each year of follow up - Efficacy Studies Integrated SafAS

Dengue Group v Control Group
(N=23433) (N=11690) Relative Risk

Annual Annual
Incidence Incidence
Study Time period Cases| M | Rate (95% CI) | n Epi Cases| M | Rate (95% CI) | n Episodes| RR | (95% CI)
CYD14 From Injection 1 to 28 days PD3 (1 year post-dose 1) 20 | 6849 | 0.3(0.2:0.5) 26 |3423| 0.8(0.5;1.1) 26 0.384| (0.20; 0.72)
From Injection 3 to end of Active Phase (2 years post-dose 1) 20 | 6813 | 0.3(0.2:04) @ 35 |3406| 0.9(0.7; 1.3) 35 0.286| (0.16; 0.51)
From Injection 1 to end of Active phase (25 months post-dose 1) 40 | 6831 | 0.3(0.2;0. 40 61 [3415| 0.9(0.7;1.1) 61 0.328 (0.21; 0.50)
From Injection 1 to end of Year 3 (first year of Hospital Phase) 67 | 6814 | 1.0(0.8:1.2 73 3405 2.1(1.7;2.7) 74 0.459| (0.32; 0.65)
From Injection 1 to end of Year 4 (second year of Hospital Phase / SEP) 124 | 6799 | 1.8(LS:2. 4 99 |3398| 2.9(2.4;3.5) 101 0.626| (0.48; 0.82)
CYD23/57 |From Injection 1 to 28 days PD3 (1 year post-dose 1) 8 2668 | 0.3(0.17%.6) 8 71329 0.5(0.2;1.1) 7 0.569| (0.18; 1.84)
From Injection 3 to end of Active Phase (2 years post-dose 1) 24 | 2578 1.3) 24 23 |1290| 1.6(1.0;2.5) 23 0.522| (0.28; 0.97)
From Injection 1 to end of Active phase (25 months post-dose 1) 32 26& Naod 0.8) 32 30 [1310| 1.1(0.7; 1.6) 30 |0.533 (0.31;0.91)
From Injection 1 to end of Year 3 (first year of Hospital Phase) 54 | 2460 \(1.7; 2.9) 54 41 |1230| 3.3(2.4;4.5) 41 0.658| (0.43; 1.01)
From Injection 1 to end of Year 4 (second year of Hospital Phase / SEP) 70 78 | 2.9(2.3;3.7) 70 58 |1190| 4.9(3.7;6.3) 58 0.604| (0.42; 0.87)
From Injection 1 to end of Year 5 (third year of Hospital Phase) 78 q 23 3.4(2.7;:4.2) 78 62 |1163| 5.3(4.1;6.8) 62 0.630 (0.45; 0.89)
From Injection 1 to end of Year 6 (fourth year of Hospital Phase) 5.1(4.3;6.1) 117 76 |1140| 6.7(5.3;8.3) 76 0.772| (0.57; 1.04)
CYD15 From Injection 1 to 28 days PD3 (1 year post-dose 1) 5 3916| <0.1(0.0;0.1) 5 15 |6938| 0.2(0.1;0.4) 15 0.166| (0.05; 0.48)
From Injection 3 to end of Active Phase (2 years post-dose 1) 13523 | <0.1(0.0;0.1) 12 28 |6748| 0.4(0.3;0.6) 28 0.214| (0.10; 0.43)
From Injection 1 to end of Active phase (25 months post-dose 1) 17 |13720| <0.1(0.0;0.1) 17 43 | 6843 03(0.2;04) 43 0.197] (0.11; 0.35)
From Injection 1 to end of Year 3 (first year of Hospital Phase) 33 |13569| 0.2(0.2;0.3) 33 58 |6772| 0.9(0.7;1.1) 58 0.284 (0.18; 0.44)
From Injection 1 to end of Year 4 (sccond year of Hospital Phasgl SEP), 39 |13430| 0.3(0.2;04) 39 67 |6710| 1.0(0.8;1.3) 67 0.291 (0.19; 0.44)
M: mean of number of subjects followed during the years included in the e i!%eriod. n Episodes: number of hospitalized virologically-confirmed dengue episodes.
Cases: number of subjects with at least one hospitalized yirologically-confirme@dengue episode.
The annual Incidence rate= Cases among M * 100 converted in 1B%
Source: Appendix 1 — Clinical - Statistical Analysis, Table 2, g;;
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Table 38: Incidence and Relative Risk of hospitalized clinically-severe virologically-confirmed
dengue cases due to any serotype from Injection 3 to end of the Active Phase and from
Injection 1 to end of each year of follow up - Efficacy Studies Integrated SafAS

Dengue Group Control Group
(N=23433) (N=11690) ative Risk
Annual Annual
Incidence Incidence
Study Time period Cases| M | Rate (95% CI) | n Episodes | Cases| M | Rate (95% CI) | n Episode: 5% CI)
CYD14 From Injection 1 to 28 days PD3 (1 year post-dose 1) 7 6849 | 0.1(0.0;0.2) 7 6 (3423 0.2(0.1;0.4) 6 @ (0.17; 2.10)
From Injection 3 to end of Active Phase (2 years post-dose 1) 5 6813 | <0.1(0.0;0.2) 5 13 [3406| 0.4(0.2;0.6) 13> (0.05; 0.57)
From Injection 1 to end of Active phase (25 months post-dose 1) 12 | 6831 | <0.1(0.0;0.1) 12 19 [3415] 03(02;04) o .316| (0.14; 0.68)
From Injection 1 to end of Year 3 (first year of Hospital Phase) 23 | 6814 | 0.3(0.2;0.5) 23 20 3405 0.6(04;0.9) |o 0.575| (0.30;1.10)
From Injection 1 to end of Year 4 (second year of Hospital Phase / SEP) 36 | 6799 | 0.5(0.4;0.7) 36 26 |3398| 0.8(0.5;1.1) kZé 0.692| (0.41;1.19)
CYD23/57 |From Injection 1 to 28 days PD3 (1 year post-dose 1) 1 2668 | <0.1(0.0;0.2) 1 0 [1329| 0.0(0.0; 0 NC (NC)
From Injection 3 to end of Active Phase (2 years post-dose 1) 1 2578 | <0.1(0.0;0.2) 1 2 |1200] 0.1 (0.0;(5) 0.250| (0.00; 4.81)
From Injection 1 to end of Active phase (25 months post-dose 1) 2 2623 | <0.1(0.0;0.1) 2 2 |1310 ; 07 y 2 0.499| (0.04; 6.89)
From Injection 1 to end of Year 3 (first year of Hospital Surveillance) 6 [2460 | 0.2(0.1;0.5) 6 2 [1230 A 2 1.500| (0.27; 15.19)
From Injection 1 to end of Year 4 (second year of Hospital Surveillance) 7 2378 | 0.3 (0.1; 0.6) 7 4 119 . 0.9) 4 0.876| (0.22; 4.08)
From Injection 1 to end of Year 5 (third year of Hospital Surveillance) 8 [2321] 03(0.1:0.7) 8 5 |1 ;1.0) 5 0.802| (0.23:3.12)
From Injection 1 to end of Year 6 (fourth year of Hospital Surveillance) 10 [ 2274 0.4(0.2:0.8) 10 5 [1140 46.1; 1.0) 5 1.003| (0.31;3.74)
CYD15 From Injection 1 to 28 days PD3 (1 year post-dose 1) 0 ]13916| 0.0(0.0;0.0) 0 5 .1(0.0;0.2) 5 0.000| (0.00; 0.54)
From Injection 3 to end of Active Phase (2 years post-dose 1) 0 |13523| 0.0(0.0;0.0) 0 8| <0.1(0.0; 0.2) 6 0.000| (0.00;0.42)
From Injection 1 to end of Active phase (25 months post-dose 1) 0 13720 0.0(0.0;0.0) 0 Tl 6843 | <0.1(0.0;0.1) 11 0.000| (0.00; 0.20)
From Injection 1 to end of Year 3 (first year of Hospital Phase) 3 [13569] <0.1(0.0,0.1) 3 16 |6772| 0.2(0.1;0.4) 16 0.094| (0.02;0.33)
From Injection 1 to end of Year 4 (second year of Hospital Phasc / SEP) 5 |13430] <0.1(0.0;0.1) 5

Cases: number of subjects with at least one hospitalized yirglogically-confirmed dengue episode.
n Episodes: number of hospitalized clinically severe yirologically-confirmed dengue episodes.

The annual Incidence rate= Cases among M * 100 converted in annual rate. NC: Not computable.
Source: Appendix 1 — Clinical - Statistical Analysis Table 2.66 and Table 1.1

All children fully recovered from hospitalized VDC cases in ing severe after supportive medical care.
)

»
16 |6710] 02(0.1;0.4) 16 0.156) (0.04;0.45)
M: mean of number of subjects followed during the years included in the considered period. @

Considering both CYD14 and CYD15 studies, the clinica ern of hospitalized SVCD cases during the
first years of the Hospital Phase was similar to that obsetyed during the Active Phase, with no increase in
severity. Additional post-dengue disease viremia Qimmunological investigations also showed the
absence of increase in severity of the dengue§ etween the Active and the Hospital Phase.

la

At the time of cut-off date for Hospital Survgeil e/Phase data presentation (September 2016),
preliminary data collected in CYD57, CYD, CYD15 at year 2 of the long term follow-up show the
same trend, i.e. a favourable benefit/rj io in overall subjects aged 9 years-old to 16 and an overall
increase risk of hospitalized VCD i clé severe in subjects below 9 years of age.

During the Hospital Phase, hospita CD and SVCD occurred with an increased incidence density in the
endemic AP compared to the e ic LatAm regions, and there was an increase of hospitalized VCD and
SVCD in the Dengue Group pared to the Control Group in the AP endemic regions from year 3 and
beyond. More importantly. incidence density of hospitalized VCD in dengue group increased
dramatically during year 6 i e 9-11 years of age in CYD23/57 (no data available on the SVCD).

The Applicant was i to discuss the most recent long-term follow-up data that reflect a difference
between the 2 re or hospitalized VCD and SVCD per same age group. The LTFU data with additional
Year 3 HP/SEF’ indicate that the risk for hospitalised and/or severe dengue may be decreasing over

time. In thge HP/SEP the RR is increased (1 or above) which may suggest waning of protective efficacy, but
overall i &ntire study the RR is decreased (below 1) in particular in the older age group. In the
younges group the RR is increased over the Entire study.

An nt limitation of these LTFU data presented for the entire study population or for the different

ategories is that they do not distinguish between seropositive and seronegative subjects. As has
beeh demonstrated in the NS1 supplemental study, baseline serostatus rather than age seems to be
affecting vaccine efficacy, see section 2.5.3 for data by baseline serostatus (NS1 analysis) and section
2.5.6 for discussion.
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Laboratory findings

The laboratory parameters analysed were chemistry (creatinine, liver function tests and bilirubin) and
haematology. They were selected based on changes in laboratory parameters observed in Phase I studies
and on the biological abnormalities that can mimic dengue disease.

O

biological values within normal ranges both at baseline and after any CYD dengue vaccine_i ion.
Biological safety abnormalities classified as Grade 3 were reported by low percentages of cts (2.2%
or less, depending on the parameter), and the most frequent ones were decreased hi lobin and
neutropenia. These biological safety abnormalities were transient and without me nsequences.

The pooled analysis of clinical laboratory data (676 subjects) showed that the majority of suE

The biological safety profile of the CYD dengue vaccine was found to be overa%r to that of placebo
or licensed vaccines.

Vaccine Viremia 0

Post-vaccination viremia was investigated in nonclinical and some chm@udles as an assessment of

safety, but also as a measure of the bioavailability and replicative ity of the vaccine virus. For details
see section 2.4.2. Briefly, vaccine viremia incidence was low (3.89, ss pooled studies around D7 after
the 1% injection) whatever the dengue immune status at base the age group. No safety concerns

were associated with vaccine viremia.

Within 28 days after the first and the second CYD deng cine |nJect|ons, 113 subjects and 106
subjects, respectively, experienced a febrile episode them, only 1 subject had vaccine viremia,
and no safety concerns were identified. A diagnosis %\wmon cold was made by the Investigator. The
acute blood sample was negative for dengue (i.e. irologically-confirmed), but vaccine viremia, close
to the LLOQ value, was however detected (CY -PCR: 5.39 log10 GEg/mL).

No vaccine viremia was observed after inj
pooled analysis i.e. timepoints < D5 (incl
had vaccine viremia after injection 3 (
subject did not experience any soligi
vaccine viremia.

tions'1 and 2 at timepoints other than those included in the
efore vaccination) and timepoints D18- D22. One subject
). No safety concerns were identified from this subject: the
actions, unsolicited non-serious AEs, or SAEs at the time of

In Phase I and early Phase II s, vaccine viremia was assessed using both genomic amplification
methods (RT-PCR assay) and“wirus culture (plaque assay [PA]). A total of 10 subjects had vaccine
viraemia (8 post-Injectio d 2 post-Injection 3) that was quantified only by PA and not by RT-PCR and
were not included in the pooled analysis. For all subjects, the level of vaccine viremia measured by PA was
close to the LLOQ ( 0§10 PFU/mL). None of the subjects experienced SAEs or AESIs at the time of

vaccine viremia. of these subjects experienced fever or Grade 3 AE (CYDO04).

L 4
Several indivi xperienced neurological symptoms such as malaise, myalgia and in singular cases
high grade h he that have been addressed by the Investigators related to the vaccine, in 3 cases

concomit ith vaccine viremia, fever and neutrocytopenia (respectively from studies CYD10;
CYDO06; 1). The latter subject experienced Grade 3 headache without vaccine viremia at any
6 days after CYD dengue vaccine injection, which was assessed as related to the study vaccine

nvestigator.

Viremia was assessed in CYD14 and CYD15 studies in all subjects with VCD cases at any time after fever
onset in acute sample collected during both the Active Phase and Hospital Phase, in order to further
characterize the safety profile of these subjects. There was no increase of viremia levels from hospitalized
including severe VCD cases between Active and Hospital Phases, or between CYD dengue vaccine
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recipients and placebo recipients, indicating that CYD vaccination does not increase post-dengue disease
viremia as compared to placebo recipients, in agreement with the absence of difference in dengue
severity observed between the two groups.

Safety in special populations 2
Pregnancy and lactation @
The use of the CYD dengue vaccine has not been studied in pregnant women since pre was an
exclusion criterion in all clinical studies with the CYD dengue vaccine and pregnancy &Ng was

performed before each injection. The data are thus not sufficient to conclude on th
effects of Dengvaxia on pregnancy, embryo-foetal development, parturition and tal development.
Animal studies did not indicate any direct or indirect harmful effects with respe productive toxicity.
As a precautionary measure, the vaccine is contraindicated during pregnan lactation, in line with
other live vaccines. The SmPC further reflects that women of childbearing hould avoid becoming
pregnant for 4 weeks after receiving any injection of Dengvaxia. ‘Safet@ﬁle of inadvertent use in
pregnant or lactating women’ is included as a ‘missing information’ safety*concern in the RMP. Close
monitoring and long-term follow-up should be performed in this p ation.

ce of potential

The vaccine was inadvertently administered to female subjects ere not aware of their pregnancy or
who became pregnant shortly after vaccination. For the pur, (%f the analysis, the pregnancies were
classified in 3 categories: i) exposed to the study vaccine che subject was pregnant (if the subject
received the injection 7 days after her last menstrual e@L P) or 7 days before the Estimated Date of
Conception (EDC) (conservative risk window) or Iater& pregnancy); ii) exposed to the study vaccine
when the subject was not yet pregnant (if the sutmreceived the injection during the interval between

30 days before her LMP and 7 days after her LMP h also corresponds to the period between 44 days
and 7 days before EDC)); iii) unexposed (all erpregnancies).

As of 1st September 2015, a total of 404 gnancies were reported in subjects who received the CYD
dengue vaccine from completed studies ©r during the Active Phase of CYD14 and CYD15 studies
(un-blinded data): 341 unexposed; @osed, but not yet pregnant; 22 exposed and pregnant; 5 for
which exposure could not be deterjhi .

Most of the pregnancies were r ed in CYD14 and CYD15 studies (in young adolescents), which were
placebo controlled. Looking atftheé®2 subgroups classified as “exposed and pregnant” in the vaccinated and
placebo groups, no differe tween the 2 groups was observed in terms of abnormal pregnancy
outcomes. In the Dengue p, a total of 3 cases of abnormal pregnancy outcomes were reported, and
in all cases important factors were identified.

As of 1st Septem @5, a total of 601 pregnancies were reported during Hospital Surveillance/Phase

of the efficacy ies. All pregnancies collected during Hospital Surveillance/Phase are unexposed (since

they are far fgné onception), except for one lately reported pregnancy belonging to category “Exposed

but not g% " that led to live birth. For the 587 pregnancies collected during Hospital

Surveilla ase and classified as unexposed, the outcomes were: 434 live births, 91 ongoing, 46

pontaneous and unspecified), 10 stillbirths/death in utero, 3 unknown, 2 elective

ns of pregnancy, and 1 ectopic pregnancy. For 13 pregnancies, no information was provided
ding the timing of their exposure to the vaccine. The outcomes of these pregnancies were live birth

(4 cases), spontaneous abortion (5 cases), the pregnancy was still ongoing in 4 cases at the time of

assessment.

oe

In conclusion, no safety signals identified from the review of these abnormal pregnancy outcomes.
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There is no data on lactation.
Babies born from women vaccinated with CYD dengue vaccine during pregnancy

SAEs that occurred after 20 weeks of gestation in babies born from pregnant subjects were reported as
“baby cases". In the event of abnormal pregnancy outcome, such as stillbirth, 1 case was creat or the
mother and 1 for the baby.

Among the baby cases not linked with abnormal pregnancy outcomes, no additional case @eported
from the pregnancies where the mother was pregnant at the time of the CYD dengue \7& or placebo
injection. {

Five baby cases, all in CYD15 study, were reported for pregnancies exposed to t eQ) dengue vaccine
when the mother was not yet pregnant. These events were mainly infections (I nitateral conjunctivitis

and viral pneumonia, and 2 cases of neonatal sepsis) or linked to prematurity?$ in CYD15.

In the Placebo Group, there was 1 case of neonatal sepsis. No cases of@ ital abnormalities were

reported in either category of exposed pregnancies.

One case of stillbirth was reported in a 16-year old female subject ﬂ(gYDlS, who received two doses of
the CYD dengue vaccine. She was exposed to vaccine before preg (last vaccine dose received on 10
January 2012 and LMP was 18 January 2012). The event of stj h was reported by the investigator as
unrelated to the investigational vaccine.

No data is available for infants born from women vaccir@l ith CYD before pregnancy.
Dengue Status at Baseline \

The clinical safety profile was similar in terms of @of ARs in subjects who were dengue non-immune
and immune at baseline with regard to non-D AE, but the ARs were observed at lower frequencies
in dengue seropositive subjects especially, i adults. The impact of dengue status at baseline on SVCD
occurring during the Active Phase in the y studies was confirmed in post-hoc analysis (see

Supplemental NS1 study). 0
Other Status at Baseline Q

The impact of FV, JE and YF Stm
occasional safety parameter&

baseline was limited to trends of differences in incidence of
ajority of safety parameters had similar incidence in both YF and JE
non-immune and immune ts. The impact of YF and JE status at baseline on SVCD occurring during
the Active Phase in the ef& studies could not be assessed due to sample size limitation.

AN

Safety related to -drug interactions and other interactions

from endemi ings.
.

Three sn&administration studies were previously conducted in toddlers with YF, DTaP-IPV/Hib, and
MMR v s. These studies were undertaken in Colombia/Peru, Mexico, and the Philippines,
re e@y. In adults, one study has been conducted in the US with YF, but with a different CYD schedule
one proposed for authorisation. From these small studies it was concluded that there were no
safety concerns (data were comparable when vaccines were co-administered or given alone), and that
the immunogenicity profile was satisfactory both for CYD and for co-administered vaccines. The one
exception to this was a lower response to serotype 4 in the study in US adults. In the labelling, there are
no data with co-administration included because the toddler age group and non-endemic populations are
outside the requested indication.

There are curre no data available from co-administration studies within the age range of the indication
(se?
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Co-administration therefore is not recommended at this stage.

Studies are currently ongoing on co-administration of CYD dengue vaccine with HPV vaccine or booster
Tdap/Tdap-IPV in the age range of the indication (see RMP).

Discontinuation due to adverse events b

AEs and SAEs leading to discontinuation were collected through the studies in all the trials

(0.3%) in the Dengue group and 38 (0.4%) in the Placebo group. Non-serious AE le

discontinuation were reported in 13 out of 3,067 subjects from the Dengue group.@wmatic crisis and
urticaria were both Grade 3 and were assessed as related to Dengue vaccine.%were considered as
AESIs. In the Dengue group SAEs leading to discontinuation were reported if@2 out of 19,120 subjects,
of which 4 non fatale SAEs were assessed as related to the Vaccine (see S® ction).

Group 9 to 17 years of age: A total of 102 subjects discontinued due to a non—seriou% AE; 64
ingto

Adults: In the main studies SafAS and RS (1306 subjects) a total of 19@'&&5 discontinued due to a
non-serious AE or a SAE, i.e. 18 (1.2%) in the Dengue Group and 1 (0.5 in the Placebo Group. In the
Dengue Group, non-serious AEs leading to study discontinuation a any injection were reported in 7
subjects. Among these, there was one AEs reported as Grade 3: igrbital infection (in 1 subject each),
which was assessed as related to the study vaccine by the Inv%tor. Two other AEs were assessed as
related to the study vaccine by the Investigator: viral upp tory tract infection, and spinal
osteoarthritis, reported each in 1 subject. In the Placebo , no AE led to study discontinuation. In the
Dengue Group, SAEs leading to study discontinuation@y injection were reported in 9 subjects. Most
rte

SAEs were isolated in terms of nature and were repo s isolated events. Three subjects experienced
1 SAE that was assessed as related to the study \@ne by the Investigator (polymyalgia rheumatica,

blighted ovum, and headache). ?

Group 6 to 11 years of age: A total of 50 s%s iscontinued due to a non-serious AE or SAE; 30 (0.2%)
in the Dengue group and 20 (0.3%) in t ebo group. Of these, one case of Grade 2 urticaria and 4
cases of SAEs were assessed as relateb e Vaccine by the investigator and sponsor (see previous

section on SAEs).
Group 2 to 5 years of age: a tot g subjects discontinued due to a non-serious AE or SAE; 5 (0.2%)
in the Dengue group and 5 (Oi the Placebo group. Of these, one case of Grade 3 hypersensivity was

assessed as related to Vacci nd considered as an AESI.
Post marketing ex rie§
The CYD vaccine ha been implemented in any country-wide programme to date but it has been

introduced in ;w%ﬂational programs in the Philippines and Brazil targeting in total about one million
individuals. Itj rwise available on the private market in at least 10 countries where there is a
marketinQO\ zation.

In Marc @ il 2016, The Philippines launched a school-based dengue immunization program in more

than 00.000 students of 9-11 years of age. A total of 10 fatal cases due to dengue disease were reported

to e"0ccurred after vaccination from worldwide post-marketing setting (including public programs in
hilippines and the Parana state of Brazil).

Upon request, the Applicant submitted the PBRER covering the period 08/12/2017 to 07/06/2018. Of note
this PBRER summarises the post-marketing experience in countries wherein CYD vaccine is indicated

based on endemicity, i.e. without discriminating subjects with previous dengue infection(s). The signal on
the increased risk of severe and/or hospitalized dengue following vaccination in individuals not previously
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infected by dengue virus was validated and analysed during the previous reporting period (08-June-2017
through 07-December-2017). Due to the difficulties to collect relevant post-marketing data on
hospitalised and severe dengue cases in vaccinees in the Philippines, the assessment of most fatal cases
reported in the PBRER was incomplete. During this period until June 2018, a total of 49 fatal cases were
reported. Fifteen out of the total fatal cases were dengue cases with fatal outcome and their eyaluation
was ongoing at the time of this application. The WHO is closely monitoring and investigating ?‘brious
severe and fatal cases in collaboration with the Filipino authorities. The WHO Global Advisor@nmittee
on Vaccine Safety (GACVS) published a report on 20 July 2018 discussing the safety of;le@ vaccine in
the Philippines, among other topics (WER, No. 29/30, 2018, 93, 389-396).

Overall, the available information is limited and does not provide safety risk by sers, hence it is not
possible to draw any conclusion at this stage. The Applicant will monitor and re;ﬂq\ URs any new data

on dengue severe disease. &

During the review of marketing data (18 September 2016), one safety sig@ allergic (including
anaphylactic) reactions has been identified. Based on the analysis of trlaeactions, they have been
identified as “important identified risk” in RMP and listed in the SmPC, No er signal has been identified
in the review of marketing data. @

A total of 27,643 subjects aged 9 months through 60 year@uded in the studies used in the
pooled/integrated analysis received at least 1 injectign @e final formulation. The pooled database
allowed for the detection of very common, common,&uncommon AEs and SAEs with an incidence =
0.1% with a probability of at least 95%. This level ecision was in accordance with WHO guidelines. In
the 16 studies using the final vaccination sche ginjections administered at 6-month intervals),
20,667 subjects aged 9 years through 60 yearSyeceived at least 1 injection of the CYD dengue vaccine:
1547 adults 18-60 years old, and 19,120@'% and adolescents aged 9-17 years.

2.6.1. Discussion on clinical safety

Reactogenicity and non-Dengue rela(egsafety

The follow-up period for reactoge ta and SAEs data was 6 months post-dose 3.

Adverse reactions were collecte n 28 days after any injectionon a reactogenicity subset of 1547
adults and 3068 children (subj om 9 to 60 years of age) from the main studies. The most frequently
reported reactions (betwe and 54% of subjects) whatever the age group were headache, injection
site pain, malaise, myalgi henia, and fever. In subjects 9 to 45 years of age, the most frequently
reported reactions wNer the dengue serostatus prior to vaccination, were headache (54%), injection
site pain (49%), m 44%), myalgia (43%), asthenia (34%), and fever (16%). Adverse reactions
occurred within 3 ollowing vaccination except fever which appears within 14 days after the
injection. Theﬁx e reactions were usually mild to moderate in severity and of short duration (0 to 3
ic gdverse reactions tended to be less frequent after the second and third injections of

days). Sys‘ter(J
Dengva N: mpared to the first injection.

Less t o (38 subjects out of 683) subjects had vaccine viremia after administration of the CYD

de ccine. In each case, vaccine viremia recorded was low and no safety concerns were observed in
bjects. There was no apparent difference in viraemia levels or cytokine profiles, including by age

grotp, which has been argued to be counter to an immune enhancement hypothesis.

The impact of age group, gender, and region was limited to trends toward differences in incidences of
safety parameters for the >9 years of age. As the trends were generally also observed in the Placebo
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Group, an impact of reporting practices in the various populations was suspected. Overall, the same
adverse reactions but at lower frequencies were observed in dengue seropositive subjects.

Serious Adverse Events within 28 days after any injection were reported in approximately 1% of subjects
(between 0.6% and 1.8% depending on the age group), and were mainly diseases, infections qr injuries
commonly reported in these age groups, and no cluster in terms of nature and frequency was (é[ved.
A total of 4 neurological disorder SAEs within 30 days were assessed as related to the study vacti y the
Investigator (headache, tension headache, acute polyneuropathy, and ADEM) in addition @vulsion
that was assessed as related to the study vaccine by the Sponsor only. For the ADEM %K cute
polyneuropathy and convulsion, no vaccine viruses were isolated from the subjects.

Occurrence of SAEs, including serious AESIs was recorded in all subjects throug Qe entire studies.
During the long-term safety follow-up, no SAEs assessed as related to the study vatcine were reported
from Month 6 onwards after the last injection in the Dengue Group. No dea re linked to dengue

cases.

The analysis of AESIs showed no concerns in terms of allergic reactions, @anaphylactic reactions were
retrieved by the SMQ algorithm in the Dengue Group, and the proonns of subjects who reported
non-serious potential allergic reactions were low and similar betw, e Dengue Group and the Placebo
Group. In addition, very few potential allergic reactions were r, Grade 3 or serious. However, as
anaphylactic reactions were observed during the post-market%ass vaccination campaign in the
Philippines, this AE is now included in section 4.8 of the S N0 events of viscerotropic or neurotropic
disease were observed after administration of the CYD @ e vaccine was observed in any studies.

The majority of uncommon adverse reactions to be included in the SmPC were reported more frequently,
or exclusively, in adults. Given the small number qmts that have received the dengue vaccine it is
conceivable that the frequency of some uncom verse events is being underestimated and/or other
potential uncommon adverse reactions have nﬁen identified for this age group. This remains a
limitation but safety surveillance data wil%ollected and assessed post-authorisation.

Data of safety related to interactions t @r vaccines are very limited. More data would be needed to
thinistered sequentially or co-administered with other vaccines.

assess safety of Dengue vaccine whe
Discontinuation due to AEs were f arable between the adult Dengue group (1.7%) and other age

groups (<1%).
Hospitalized VCD and S@ases during Active and Hospital Phase
e

Long-term follow-up Nﬁid d as the period from Month 6 after the last injection onward for SAEs and
from 1 year after thﬁ injection onward for dengue cases. As of December 2017, the following data
from on-going longst follow-up were available from the efficacy studies:

L 4
o CYD57& ata from the 4 years of Hospital Phase (Hospital Phase Year 1 to Year 4, i.e., 2to 5
year@r the last injection in CYD23).

o (@and CYD15: full data from the first 3 years of Hospital Phase (Hospital Phase Year 1, Year
d Year 3, i.e., 2, 3 and 4 years after the last injection).

NS1 Supplemental analysis: until March 2017, i.e. 4 years of the Hospital Phase for CYD57; a
minimum of 3 years and 3 months of Hospital Phase/Surveillance Expansion Period (SEP)
surveillance for CYD14; and a minimum of 3 years of Hospital Phase/SEP surveillance for CYD15.
Additonal LTFU data was submitted and assessed during the procedure and the Applicant
commits to provide the final CSRs of CYD14 and CYD15, when available as indicated in the RMP.
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Year 1, Year 2 and Year 3 safety long-term follow-up results from the pooled analysis of CYD14,
CYD23/CYD57 and CYD15 showed that, in the subjects 9 years and above, there was a decreased risk of
hospitalized VCD cases in the Dengue Group (cumulative RR of 0.535), and no evidence of excess of
clinically SVCD cases in the Dengue Group compared to the Control Group (cumulative RR of 0.874). In
subjects aged below 9 years, there was a trend toward an increased risk of hospitalized VCD (1.246) and
SVCD (1.330). CYD57 which provided 4 year of long-term follow-up data, confirmed that, altho e RR
fluctuated over time, there was a decreased risk of hospitalized VCD in the Dengue Group (c@tive RR
of 0.511), and no evidence of excess of hospitalized SVCD cases in the Dengue Group,aé?red to the
Control Group (cumulative RR of 1.023).The clinical pattern of hospitalized SVCD case g the 3 first
years of the Hospital Phase was similar to that observed during the Active Phase, & increase in
severity. Additional post-dengue disease viremia and immunological investigations showed the
absence of increase in severity of the dengue cases between the Active and the pital Phase. Therefore,
there is no evidence, clinically, immunologically or virologically, that the dis in the Dengue Group is
more severe to that observed with wild-type infection in the Control Group&

The clinical severity in the vaccinated seronegative group was similar t@ of severe cases in the
unvaccinated seropositive group except for plasma leakage and thr@ocytopenia. In the clinical trials
for those aged 9 years and above, the cases of severe dengue t

vaccine recipients were categorized by the company as Dengu orrhagic Fever Grades I and II and

urred in initially seronegative

did not lead to shock, severe bleeding or death. All of the pat ith dengue illnesses recovered.

Although, a decreased risk of hospitalized and clinically S Qs observed in subjects 9 years of age and
older over the entire duration of the study and duringyth spital Phase, imbalance in the occurrence of
hospitalized dengue cases in the youngest vaccine reciptents in CYD14 (subjects aged 2 to 5 years at

enrolment) during the first year of the Hospital Ph as observed. This observation could be explained
by 3 main interconnected hypotheses: Q
1. Potential lower quality cross-reactjvg responses may be more prone to waning. This waning would
be more significant in younger chi more likely to be seronegative at the time of vaccination
(whose vaccine elicited PRNT5 oint is lower).
2. Increased risk in seronega jects due to vaccination acting as a primary infection with
condensed enrolment cl g vaccinees compared to placebo recipients who would be primed

naturally over a longe @ od. Continued observation may show equalization over time.

3. Age per se may b rtant. Younger aged children may have less developed micro-vascular
physiology and pa y immature immune responses

In order to identify \tial impact of the baseline dengue serostatus on the safety and efficacy of CYD
dengue vaccine, t icacy trials were re-analysed using a novel assay (anti-NS1 ELISA assay) to infer
dengue serosta and a case-cohort study design. This NS1 supplemental study analysis found that
dengue serosﬁtﬁ at baseline modified the risk of hospitalized dengue and severe dengue after
vaccinatighs bjects dengue seropositive prior to vaccination, a decreased risk against hospitalized
and sevngue over the long-term follow-up period was observed following vaccination in subjects 9
to 16 of age. In seronegative subjects 9 years of age and older, a trend towards an increased risk
of @hospitalization and severe dengue was observed with the onset of risk mainly observed during

rd year after first vaccination. The clinical profile of severe cases in seronegative subjects was
comparable between the vaccine group and control group.

Adults
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The Safety profile from 1,547 subjects 18 to 60 years was analysed. No SVCD were reported in the
non-efficacy Phase I-II CYDO05, CYD22 and CYD28 studies concerning the adult population 18-45 years of
age. These data concerned approximatively 550 exposed to Dengvaxia on 4 years post-dose 3 long-term
follow-up, which are limited to conclude on especially on AESIs such as VCD hospitalized and Severe VCD
hospitalized. However, the safety profile of the CYD dengue vaccine in adults aged 18-60 years as also
similar to that observed in the other age groups, with less fever than in children and more n r@ous
unsolicited adverse reactions reported (11.6%) than in adolescents (2.0%) and children (Z.Qproﬁles.
I addition, several new trials are ongoing or will be starting soon, as part of the RMP that v@)mplement
the information on safety of the vaccine in subjects above 18.

From the safety database all the adverse reactions reported in clinical trials and p arketing have
been included in the Summary of Product Characteristics. Q
Additional expert consultations S’

See section 2.5.6. @

2.6.2. Conclusions on clinical safety é

CYD vaccine elicited the common adverse events associated \%accination such as pyrexia, and
injection site pain and injection site reactions. The frequen related to reactogenicity was
acceptable. Deaths were reported with a similar frequency.imgoth Dengue and Control Groups. No deaths
were considered related to the study vaccine in any x udies. Post-marketing pharmacovigilance
data in the Philippines identified a safety signal, which Was included in the RMP as important identified
risk: Allergic (including anaphylactic) reactions. Tfety profile of the CYD dengue vaccine in relation
to non-Dengue adverse events is considered a@ ble in the light of expected benefit.

Long-term follow-up (LTFU), defined as Supveillahce/Hospital Phase studies, aimed at detecting
hospitalized virologically confirmed case ) and severe dengue cases (SVCD) were performed. In all
studies, a reduced risk of hospitalizati to dengue was confirmed in subjects =9 years during the
entire Hospital Phase: the 3-year m@/e RR in CYD14 and CYD15 was 0.666 and 0.517, respectively;
and despite fluctuating RRs over %the 4-year cumulative RR in CYD57 was 0.511.

Data from year 1 of the Hospi se (PD3 period) for the age group 2-5 years of CYD14, showed that
there were 15 cases of hos&ized dengue in the vaccinated group and 1 in the control (randomization
ratio 2:1), which resulted R of 7.454 (1.15-313.80). This population is outside of the age range filed
by the Applicant for approval,mevertheless raised concerns. Based on supplementary post-hoc analysis of
up to 6 years of foll pXfrom the first injection in three efficacy studies, such increased risk of
hospitalisation for, Z&e including clinically severe dengue was confirmed to be limited to baseline
dengue seron ive vaccinees (i.e. with no previous dengue infection), as measured by PRNT50,
regardless ofé&)ver a period of 5 years after the first injection, in subjects 9-16 YOA with no previous
dengue i fe‘ , the risk of severe dengue is increased by 2.43 fold (95% CI: 0.47; 12.56) in vaccinees
as comp to control subjects in the same age group. In the clinical trials for those aged 9 years and
abov ases of severe dengue that occurred in initially seronegative vaccine recipients were

ca izeéd by the company as Dengue Hemorrhagic Fever Grades I and II and did not lead to shock,

e bleeding or death. All of the patients with dengue illnesses in the trial recovered.

The increased risk of severe and/or hospitalized dengue following vaccination in individuals not previously
infected by dengue virus is therefore included in the RMP as important identified risk and it will be followed
up post-authorisation. The mechanism that leads the observed increased risk of dengue in seronegative
subjects at baseline is unknown. In subjects 9 years of age or older, it was estimated that during a 5 year
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follow-up about 5 additional hospitalized dengue cases or 2 additional severe dengue cases per 1000
vaccinees with no previous dengue infection could occur following vaccination. Estimates from the
long-term analysis suggest the onset of increased risk was mainly during the 3rd year following the first
injection.

This increased risk was not observed in individuals who have been previously infected by den@rus,
réve

where it was estimated that 15 hospitalized dengue cases or 4 severe dengue cases could nted
per 1000 vaccinees with previous dengue infection during 5 years of follow up from the fiFstfection.
However, these figures may not be extrapolated to other regions with different serop ce and

epidemiological situations as compared to the regions where the trials were conducte{

There is limited safety data in adults. In immunological and safety terms, subjec Q\ 9 to 45 years of
age are comparable to subjects 9-16 years of age, and therefore since no exc risk is observed for

seropositive subjects 9 to 16 years old it is reasonable to assume that a simj jtuation would apply to
16 to 45 year-olds. More data in adults 18-45YOA will be collected throughygclinmical studies assessing the
effect of a booster dose (CYD63, CYD64), different administration sche (CYD65) and the

concomitant administration of another vaccine (CYD66). As per the rjsk nagement plan, additional
safety data will be collected in adults through a long term PASS (DN ) as well as through effectiveness
studies planned to be conducted during 5 years in Mexico, Brazil@aysia and the Philippines.

The risk of severe dengue in infants born to vaccinated serone women remains hypothetical. As for
situation of natural maternal dengue infection, pre—existin@g e antibodies may not be the cause or
the only reason for such disease severity in infants. Oth ctors such as an immature immune system,
immunological naivety, predisposition to dehydratior\ ock and a leaky circulatory system may be
greatly contributing to the clinical profile of severe,dengue in infants. The theoretical risk of severe
dengue due to vaccination of non-immune dengummen in reproductive age should be very limited
since vaccination of individuals seronegative a@time of vaccination is not recommended. There is
insufficient evidence to consider this theorgtical risk a safety concern for the vaccine; however, pregnancy
exposure cases will continue to be closely, %ored in the PBRER; in addition, hospitalized dengue cases
in infants up to 1 year after birth wiII§ cted in planned pregnancy registry study DNG16.

As there is limited data in individu iding in non-endemic countries and no data in individual residing
in non-endemic countries and tra to endemic countries, the CYD dengue vaccine should not be used
for travellers even if seropos& r in the context of dengue outbreak in non-endemic regions.

No specific studies have b rformed on concomitant administration of Dengvaxia with any other
medicinal product(s) in in uals 9 to 45 years of age living in endemic areas. This is considered as
missing information andisted as such among the safety concerns in the RMP. More data will be generated
post-authorisation.

A risk of severe o@e disease due to waning of vaccine-protection over time is considered an important
potential riskC}e RMP and it will be followed up in post-marketing.

L 4
No data i Nable in immunosuppressed subjects. Since this is a live vaccine, the use in this population
is contrE ated. However some data will be generated post-authorisation.

Be engvaxia is based on yellow fever vaccine construct, there might be a potential risk of yellow
vaccine-associated viscerotropic and neurotropic disease, which will be followed up via routine

safety monitoring in the post-authorisation phase as well as in a cohort event monitoring study.

The CHMP considers that the following measures foreseen in the RMP will help to address the remaining
uncertainties or missing information related to safety:
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e DNG15 Cohort Event Monitoring (CEM): the primary objective is to evaluate the safety profile of
CYD dengue vaccine when used in the real-world immunization setting. The secondary objective
is to describe, by country, the population vaccinated with CYD dengue vaccine in the real-world
immunization setting, according to age, gender, humber of doses received and interval between
doses, comorbidities including immunosuppression, co-vaccination, history of recent vaceination,
history of dengue, use in pregnancy or lactation, and misuse. 6

outcomes of potential exposure to dengue vaccine during pregnancy. Hospitaliz ngue cases
in infants will be collected up to 1 year after birth.

2.7. Risk Management Plan \Q

Safety concerns

e DNG16 Pregnancy registry: The primary objective is to collect maternal, foetal,@%nt

-

Important Identified e Allergic Reactions (including anaphyla reactions

Risks e Increased risk of severe and/or hcqstalized dengue following
vaccination in individuals not prgwolsly infected by dengue virus

e YF vaccine-associated viscer disease (YEL-AVD)
;:p;la(ortant Potential e YF vaccine-associated ne i€ disease (YEL-AND)
isks
e Risk of severe dengue g e due to waning protection against
dengue disease oveg tilme
e Safety in immunocorhomised subjects (including subjects with
congenital or ac d immune deficiency, or with Human
L . Immunodefici rus (HIV) infection with impaired immune
Missing Information function) é
o Safety profile ofinadvertent use in pregnant or lactating women

e Co-adminfistration of CYD dengue vaccine with HPV vaccine or
booste{os of Tdap vaccine

Pharmacovigilance plan 0

Study/activity ctives Safety concerns Status Planned
Type, title and addressed date for
category { submission
4 2 of final
reports
DNG15 The ary objective is to evaluate the safety | Safety in real-life use | Ongoing | 31
Cohort Event CYD dengue vaccine when used in Exposure during December
Monitoring (CEM) e -world immunization setting. pregnancy and 2025
study secondary objective is to describe, by lactation
Category 3 ’ untry, the population vaccinated with CYD Allergic/anaphylactic
Vlengue vaccine in the real-world reactions
* 7 immunization setting, according to age, Viscerotropic and

\ gender, number of doses received and interval | neurotropic diseases
between doses, comorbidities including

immunosuppression, co-vaccination, history

@ of recent vaccination, history of dengue, use in
pregnancy or lactation, and misuse.
The primary objective is to collect maternal, Exposure during Planned | 31
Prégnancy fetal, and infant outcomes of potential pregnancy December
registry exposure to dengue vaccine during 2023
Category 3 pregnancy.

Hospitalized dengue cases in infants will be
collected up to 1 year after birth.
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Study/activity Objectives Safety concerns Status Planned
Type, title and addressed date for
category submission
of final
reports
CYD52, CYD53, The objective is to assess the vaccine Waning of protection | Planned | 3
CYD69, CYD70 effectiveness at the community level, as well | over time. D er
and DNG10042 as effectiveness at reducing frequency of or
Effectiveness hospitalization and severe forms of dengue 10042
studies disease. In addition, these studies will provide o
Category 3 a platform to identify a potential increase in * >3ecember
disease severity and a potential waning of \‘ 2023 for
protection over time. { CYD69
31
December
\(\ 2025 for
&, CYD52,
CYD53, and
Q CYD70
CYD14 and The objective of the amendments in CYD14 Long term effic Ongoing | 31 March
CYD15 Efficacy and CYD15 is to capture the full range of Increased 2019 for
studies- dengue disease in the study population severe and CyD14
amendments to prospectively (i.e. return to active detection of | hospitalized dengue
long-term all symptomatic dengue cases). Long-term upo jination in 31 March
follow-up safety monitoring. indi@ls not 2019 for
Category 3 ly infected CYD15
gue virus
g of protection
over time
CYD63, CYD64, The studies evaluate the safety and Q aning of protection | Ongoing | 31
and CYD65 immunogenicity of a booster dose of d over time December
Booster studies vaccine administered in a subset of subje 2019 for
Category 3 who received third dose of dengue vaecine 4-5 | Need for booster CYD63 and
years before, in Phase II studies (G @‘. and CYD64
CYD64).
Q 31 March
Immunogenicity and Safety of Tetfavalent 2021 for
Dengue Vaccine Given in %or 3-Dose CYD65
Schedules Followed by a@ Booster
(CYD65)
CYD50 Immunogenicity andﬁ/ in HIV+ adult Exposure in Planned | 30 June
Exposure in HIV+ | subjects with stablg i¢al condition under immunocompromised 2022
population antiretroviral ther population
Category 3 o~
CYD66, CYD67, The studies We the safety and Co-administration Ongoing | 31
and CYD71: immunogeni€ity Of co-administration of CYD with Tdap, HPV December
Co-administration | dengue vgegine with other vaccines: booster vaccines 2020
studies dose of CYD66), HPV Vaccine (CYD67
Category 3 and,CYD7
Cross sectional A cr%séectional survey to evaluate Increased risk of Planned | 31
survey to v r's knowledge and understanding of | severe and/or December
evaluate e(restricted indication to only individuals hospitalized dengue 2022
vaccinator’s preyiously infected will be used to measure following vaccination
knowledge and ¢ e effectiveness of risk minimisation in individuals not
understanding easures (HCP guide) in Europe. previously infected
Category 3¢, by dengue virus

<
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Risk minimisation measures

Safety concern

Routine risk minimization measures

Additional
risk
minimization
me res

Allergic/anaphylactic
reaction

In the SmPC/PI:

In the Section “Contraindications”, it is stated that the CYD dengue
vaccine must not be administered to individuals with a history of 0‘
hypersensitivity to any component of the vaccine or after prior
administration of the vaccine or of a vaccine containing the same (
components. Q
In the Section “Special warnings and precautions for use”, it i

that appropriate medical treatment and supervision must @be
readily available in the event of an anaphylactic reactionﬂo’ ing
administration of the vaccine.

Allergic (including anaphylactic) reactions are consides@
events.

listed

i

%)

2

Increased risk of In the SmPC/PI: ’b HCP guide
severe and/or
hospitalized dengue The section Indication has been updated to ensﬁfhat vaccination is
following vaccination in | given only to individuals in whom B/R was trated to be
individuals not positive:
previously infected by “Dengvaxia is indicated for the preventi engue disease caused
dengue virus by dengue virus serotypes 1,2, 3and 4 i iduals 9 to 45 years of

age with documented prior dengue vi infeCtion and living in

endemic areas.” 0

And in the Section “Special wakgi nd precautions for use”, it is

stated that Dengvaxia is not indicated For individuals who have not

been previously infected bﬁgue virus.

It is also states in this iOff that vaccination is not recommended

for individuals living in@ndemic areas and traveling to endemic

areas.
YEL-AVD and YEL-AND | None X{ None
Risk of severe dengue In the SmPC/PIU None
disease due to waning
protection against In the Seetioh'Special warnings and precautions for use”, it is stated
dengue disease over that it ishwmended to continue personal protection measures
time against ito bites after vaccination.

P
Absence of Safety Data | In @C/PI: None
in
immunocompromised ection “Contraindications , it is stated that the CYD dengue
subjects (including Qne must not be administered to individuals with congenital or
subjects with acquired cell-mediated immune deficiency, including
congenital or acquire\cmmunosuppressive therapies such as chemotherapy or high doses of
immune deficiency,% systemic corticosteroids within 4 weeks prior to vaccination.
with HIV infectio i It is also stated in this section that CYD dengue vaccine must not be
impaired immgnb administered to individuals with symptomatic HIV infection or with
function) asymptomatic HIV infection when accompanied by evidence of
/\ impaired immune function.
Inadvertefi Mn In the SmPC/PI: None
pregnant \tating In the Sections “Contraindications”, “Fertility, Pregnancy and
women Lactation”, it is stated that the CYD dengue vaccine must not be
P administered in case of pregnancy/ lactation.
data on None None

engue vaccine
HPV vaccine or
booster dose of Tdap
vaccine

The Applicant proposes a Guide for Health Care Professionals (HCP) as an additional risk minimization
measure(s) to reinforce the prescriber's awareness about the increased risk of severe and hospitalized
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dengue upon vaccination in individuals not previously infected by dengue virus. The guide will provide
label information on the risk for individuals not previously infected by dengue virus and guidance on how
to assess the prior dengue infection in these individuals before vaccinating.

It is considered important that this Guide contains sufficiently detailed and accurate informatiqn on the

required characteristics for serotests assessing previous dengue infection. The necessity of achi high
specificity and positive predictive values should be emphasized, as well as the need to use (@ ith no
cross-reactivity with flaviviruses circulating in the area or vaccination against other flavivj LItis

considered that high specificity is required whatever the epidemiological context becaﬁs& nevitable
uncertainties on seroprevalence levels, and on pre-test probabilities (highly locally va le, variable over
time, variable according to demographic characteristics).

The Guide should refer to local guidance published by the public health authori résponsible for the EU
area to be vaccinated, and emphasise that only tests recommended by this% orities should be used.

Conclusion @

The CHMP and PRAC considered that the risk management plan ve@n 5.0 is acceptable.

Pharmacovigilance system

2.8. Pharmacovigilance QQ

The CHMP considered that the pharmacovigilance sys mmary submitted by the Applicant fulfils the
requirements of Article 8(3) of Directive 2001/83/EC.

Periodic Safety Update Reports SLQNSSI'OH requirements

The requirements for submission of periodig.safety update reports for this medicinal product are set out

in the Annex II, Section C of the CHMP @pinjon. The Applicant did request alignment of the PSUR cycle

with the international birth date (IBD% IBD is 08/12/2015. The new EURD list entry will therefore use
t

the IBD to determine the forthco a Lock Points.

2.9. New Active Subs
The Applicant declared thQngue tetravalent vaccine (live, attenuated) has not been previously
authorised in a medicinal product in the European Union.

The CHMP, based onavailable data, considers that the active substances of the Dengvaxia vaccine,
i.e. live attenuat? eric dengue virus (CYD) serotypes 1-2-3-4 to be a new active substance as it is
not a constitu’\ a medicinal product previously authorised within the Union.

2 4
2.10. ct information

2.1@ ser consultation

esults of the user consultation with target patient groups on the package leaflet submitted by the
Applicant show that the package leaflet meets the criteria for readability as set out in the Guideline on the
readability of the label and package leaflet of medicinal products for human use.
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2.10.2. Quick Response (QR) code

A request to include a QR code in the labelling for the purpose of providing to patients information on
dengue disease and on vaccination has been submitted by the Applicant and has been found acceptable.

The following elements have been agreed to be provided through a QR code: Information on ue, a
path to the on-line product information on EMA website, recommendations during and post tion,
and what to do in case of any adverse event.

2 4 q ’
2.10.3. Additional monitoring {

Pursuant to Article 23(1) of Regulation No (EU) 726/2004, Dengvaxia (dengue t r@ent vaccine (live,
attenuated)) is included in the additional monitoring list as it contains a new active Substance which, on

1 January 2011, was not contained in any medicinal product authorised in tfgﬁy

Therefore the summary of product characteristics and the package leafl des a statement that this
medicinal product is subject to additional monitoring and that this will al quick identification of new
safety information. The statement is preceded by an inverted equilgferal black triangle.

3.1. Therapeutic Context

3. Benefit-Risk Balance q@
3.1.1. Disease or condition \O

Dengue is an acute, systemic viral infection caus 4 closely related but antigenically distinct virus

serotypes (1, 2, 3, and 4) transmitted primari@\the Aedes aegypti mosquito. Dengue is the most

common mosquito-borne viral disease in humansy spreading globally during the past 30 years as a result

of changes in human ecology. The infecti y be asymptomatic, cause flu-like iliness, and can in a

small proportion of patients develop in entially lethal complication called severe dengue (including
@ shock syndrome [DSS]).

dengue haemorrhagic fever [DHF]/d

The progression to a severe form]b’s via a pathophysiological host response to infection leading to
vascular permeability, plasma | ge, microvascular bleeding and reduced functioning of the
coagulation cascade. This is ined by one or more of the following: (i) plasma leakage that may lead to
shock and/or fluid accqu? (DSS), and/or (ii) severe bleeding, and/or (iii) severe organ impairment
(liver, CNS, heart).These seVere manifestations occur infrequently, in <1% of infections, and involve
bleeding of multiple XS and fluid accumulation within body cavities. Improvement of dengue case
detection, identifi %f warning signs and early initiation of appropriate treatment have decreased the
severity (inclu;lin@rtality) of dengue disease.

Infection by @serotype is considered to induce serotype-specific immunity.

as, the entire population is at risk of dengue infection. The disease affects all age groups.
ibution of infected individuals varies between countries and no clear pattern of populations
been identified. Additionally, the population at highest risk can shift over time. The prevalence
serotype fluctuates over time, as does the genetic diversity within each serotype. The four dengue
virds serotypes are genetically diverse and share limited aminoacid identity (around 60-75%). Genetic
variations between serotypes and clades may be important determinants of differential viral fitness,
virulence and epidemic potential
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3.1.2. Available therapies and unmet medical need

There is no specific treatment for dengue disease. The management of dengue disease is supportive, with
rest, control of fever and pain with antipyretics/analgesics, and adequate fluid intake. Supportive
intensive care and fluid management are the mainstays of therapy for severe disease. 2

The global incidence of dengue has grown dramatically in recent decades and half of the wo
population is now considered at risk of infection by the dengue viruses. Worldwide, an esti
million dengue infections occur every year, of which around 100 million are associated
manifestation of dengue. Around 500,000 hospitalizations are reported each year, arQ
cases would result in death.

The prevention of dengue used to be by vector control, interruption of human-W%gctowcontact by personal
protection measures, and community engagement focused on awareness, edécation, mobilization and
communication to sustain control measures. None of these either alone orimeination has had a
significant impact on incidence of dengue disease. Hence, there was an eed to develop a safe and
effective vaccine against the four serotypes of dengue virus to protect p&eple in endemic countries, as

recognized by WHO. {

In addition to children, adults are also at risk of dengue disease. is the key reason for seeking an
indication in both children and adults. Q

3.1.3. Main clinical studies OQ

The CDP for dengue vaccine involved the assessment of'several vaccine formulations and schedules in a
diverse population. As of December 2017, the CDQIuded 31 clinical studies, completed (22) or
on-going (9): 5 Phase I, 17 Phase II and 9 Phas »for a total of 41,000 subjects enrolled. Among these
subjects, 20,974 subjects were in the target aﬁdication (9 to 45 years of age), of which 1741 adults
aged 18 to 45 years receiving at least on&@ose.

Three pivotal efficacy and safety studie \@conducted: CYD14 and CYD15 (studies in multiple countries
in AP [in subjects from 2 to 14 yea ]%LatAm [in subjects aged 9 to 16 years], respectively) following
the Phase IIb proof of concept stu Thailand in subjects aged 4 to 11 years (CYD23 and its long term
follow up CYD57). Each individ se III efficacy study was sufficiently powered to demonstrate
significant efficacy of the CY%h ue vaccine in preventing the occurrence of VCD cases due to any

serotype after 3 injections une response to the vaccine was also evaluated in a subset of the
population as well as its re nship to the observed efficacy.
3.2. Favourab ects

In subjects 9-1 @VE was demonstrated in both efficacy studies with 67.8% and 64.7% in CYD14 and
CYD15 respeeé? (meta-analysis showing overall efficacy of 65.6% in the 9 to 16 years population)

against \ ype after at least 1 injection of the CYD dengue vaccine during the first 25 months of the
studies ( phase). The primary endpoint in each study was met, demonstrating efficacy against VCD
cases@—injection 3 due to any serotype with the lowest lower bound of the 95% CI of 57.7% in CYD14.

ifidéant VE was also observed in preventing the occurrence of VCD case due to each serotype after at
least 1 injection of the CYD dengue vaccine. Efficacy varied according to the serotype: moderate efficacy
was observed for serotypes 1 and 2 (58.4% and 47.1% respectively from the meta-analysis) and high
efficacy was observed for serotypes 3 and 4 (73.6% and 83.2%). This finding was consistent across the
regions evaluated. The lower efficacy against serotype 2 might be influenced by a bias due to the high
proportion of seronegative subjects exposed to dengue serotype 2.
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During the 25-month of the Active Phase observation period of the Phase III efficacy studies, a high
protection against severe VCD cases (as assessed by IDMC) and hospitalized VCD cases was observed
after at least 1 injection in subjects 9-16YOA in each individual study and in the pooled analysis of both
studies (VE of 80.8% [95%CI: 70.1; 87.7] and 93.2 [77.3; 98.0] against hospitalized and severe VCD

respectively). b
Data on incidence of hospitalized and severe VCD were also collected from long-term follo the
pivotal studies as a safety endpoint, showing during the first 3 years of Hospital Phase/SE Y\fQ/DM and
CYD15 and from the entire Hospital Phase of CYD57 a continued reduction in the risk of %alized VCD
and severe VCD in vaccinees 9-16YOA compared to placebo. Although a trend towar &l)her relative
risk was observed in the Hospital Phase compared to the Active Phase, the RR ren@ below 1 for the
entire study period. The RR over a 5-year period in the pooled analysis was 0 %CI: 0.28; 0.46)
against hospitalized VCD and 0.357 (95%CI: 0.20; 0.61) against severe VC% bjects 9-16YOA.

At an individual level, the subjects’ age at vaccination, previous exposure @ngue (dengue serostatus
at baseline), and level of the response to the vaccine all had an effect or@acy outcomes. Within these
factors impacting VE, previous exposure to dengue was a key factor, Va e performance by dengue

serostatus at baseline was estimated from the immunogenicity subs nd NS1 supplemental study based
on dengue anti-NS1 ELISA and PRNT50 assays. Vaccine efficacy @nst symptomatic VCD due to any

serotype over the Active Phase (month 0 to month 25) was de%trated in individual studies and in the
pooled analysis in subjects with prior dengue exposure (de opositive) at the time of vaccination.

In the pooled analysis of the immunogenicity subset, VE t symptomatic VCD over 2 years after dose
1 was 81.9% (95%CI: 67.2; 90.0) in seropositive su\p -16YOA, which was consistent with findings
from the NS1 supplemental study. Data from the NS1 s lemental study showed long-term (month 0 to

month 60-72) protection against hospitalized den@and severe dengue. In the analysis of pooled
studies, all the estimated HRs/RRs were <1 an stically significant.

Immune responses to the vaccine were eyajuated in a subset of the population from the pivotal trials,

showing robust humoral responses to 3 %specially in seropositive 9-16YOA subjects at baseline. In
adults 18-45Y0OA, post-injection 3 Ab | mere comparable to those seen in CYD14 and CYD15 where
efficacy was demonstrated, indicati @ protection is expected in adults living in endemics areas. A

decrease in the GMTs against all 4 ergtypes was observed one year after the third injection. Then, GMTs
stabilize over the next 2 to 4 ye 1 remain superior to pre-vaccination GMTs. The GMTs levels depend
on age (increase with increasjfig ) and dengue serostatus at baseline (lower in seronegative subjects).

3.3. Uncertainties Q limitations about favourable effects

In subjects 9-16YO \ut prior dengue exposure (dengue seronegative at baseline), the
meta-analysis re r vaccine efficacy against symptomatic VCD over the first 25 months from the
immunogenicit ﬁet of CYD14 and CYD15 showed a VE estimate at 52.5% (95% CI: 5.9; 76.1), which
was broadly ﬁr? tent with findings from the NS1 supplemental study based on anti-NS1 ELISA and
PRNT50. N icates some benefit in subjects without prior dengue exposure.

The v s much less immunogenic in subjects dengue seronegative at baseline as compared to those
se me, in terms of both GMT titres and percentage of subjects that seroconverted to all four dengue

s. Generally, a trend toward lower post dose 3 (PD3) GMTs was observed against serotype 1
compared to the 3 other serotypes, however PD3 GMTs varied widely across studies depending on
serotype, region, age group, and baseline dengue immune status. The clinical relevance of these findings
is unknown.
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Vaccine efficacy against dengue varied across the four dengue serotypes, with lower efficacy for
serotypes 1 and 2 than against serotypes 3 and 4 in the overall population regardless of baseline
serostatus.

For the age group 17 to 45 years of age there are no clinical efficacy data, and immunogenicitydata are
limited. However post-dose 3 GMT can be used for immunobridging based on the evidence th
immune response are generated following vaccination across age groups and trials, but the
magnitude of efficacy relative to that observed in children and adolescents is unknown. % al data

will be collected in adults post-authorisation through effectiveness studies. ’\

It is not currently feasible to distinguish baseline seropositivity to 2, 3 or 4 serotyp thus it is not
possible to investigate the effect that this may have on vaccine efficacy, especiall ults. Therefore it
is important that data on adults is collected from post licensure effectiveness in endemic
countries, based on vaccination implementation by countries in this age ra

There is no correlate of protection for dengue currently established howeyertigher titres post-injection 3
of neutralising antibodies were found associated with a lower risk of degb disease and higher vaccine
efficacy.

The decision to select a three-dose vaccination schedule was bas@\ainly on data in seronegatives in
order to overcome poor immunogenicity in the seronegatives. on immunogenicity and efficacy after
each dose in seropositive is limited and exploratory (due torhi mpliance) to allow to conclude on
protective efficacy of seropositive individuals with less t Qe doses. Post-authorisation studies such
as CYD65 may provide more information on immun r@/ and safety of one-dose and two-dose
vaccination schedule. OSK

There is limited data in individuals residing in non@emic countries and no data in individual residing in
non-endemic countries and traveling to ender@untries, therefore Dengvaxia should not be used for
travellers even if seropositive. In additio ngvaxia should not be used in the context of dengue
outbreak in non-endemic regions. (J

Long term protection afforded by the@me is not known at this time. With the ongoing protocol
amendment 4 of CYD14 and CYDlsﬁ es (implementation of the Surveillance Expansion Phase [SEP]
for the detection of VCD cases h ized or not), further prospective data on the full range of dengue
disease both as safety and effij endpoints are being generated up to 5 years post-completion of the
vaccine schedule. In addition&ng-term protection from dengue will also be evaluated through Post
Approval Effectiveness st 4@ with a follow-up of 5 years as described in the RMP.

The need for additionMoster doses remains to be elucidated. Three studies planned or ongoing
(Studies CYD65, CY@CYD64) will investigate a booster dose at 1, 2, 4 or 5 years after the last
injection.

There are nothy data in the age range of the indication on co-administration with other vaccines,
hence ¢ a& ration is not recommended. Some data will be generated post-authorisation on
coadmini ion with a booster dose of Tdap and HPV vaccines.

3. @favourable effects

In Subjects 9 to 45 years of age, the most frequently reported reactions whatever the dengue serostatus
prior to vaccination, were headache (54%), injection site pain (49%), malaise (44%), myalgia (43%),
asthenia (34%), and fever (16%). In the paediatric population 9-17 YOA, fever has been observed with
a higher frequency (very common) than in adults (common). Urticaria (uncommon) was only reported in
subjects 9 to 17 years of age (none in adults).
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Adverse reactions occurred within 3 days following vaccination except fever which appears within 14 days
after the injection. The adverse reactions were usually mild to moderate in severity and of short duration
(0 to 3 days).

Systemic adverse reactions tended to be less frequent after the second and third injections of Dengvaxia
as compared to the first injection. Allergic including anaphylactic reactions have been reporte

rarely. @

Overall, the same adverse reactions but at lower frequencies were observed in dengug s@ositive

subjects. {\
3.5. Uncertainties and limitations about unfavourable effecto

The analyses from the first year of Hospital Phase in CYD14 showed a higher¥ipcidence of hospitalized -
and to a lesser extent severe- VCD cases in subjects 2 to 8 year-old in vagci s compared to placebo,
driven by subjects below 6 years of age at enrolment: RR of 7.454 in subj to 5 years (outside of the
proposed indication). In CYD57, an excess of hospitalized VCD cases wam observed in subjects below
6 years of age, with a RR of 2.443 in subjects 4 to 5 years. Based orﬂe NS1 Supplemental analysis that
was used to infer baseline serostatus by anti-NS1 ELISA and PRNT@; ays for all hospitalized VCD in the
pivotal trials, a trend towards an increased risk of hospitalize evere dengue was identified in
seronegative individuals only, including those aged 9-16 ye Q the entire study duration (RR 1.412
[95% CI: 0.743, 2.682] and RR 2.435 [95% CI: 0.472, 12%859] for hospitalised and severe dengue
respectively in pooled studies). The increased risk again spitalized VCD was mainly observed against
serotype 1 and 2 in this age group and mainly during&rd year following the first injection. The clinical

profile was similar between severe cases in the se gative vaccine group and the seropositive placebo
group. Based on these results, risk of hospitaliz severe dengue in individuals without prior dengue
infection has been classified as an important identified risk in RMP and listed in the product information

with a warning. The biological mechanisrrﬂ(;erlying such increased risk of severe dengue and
hospitalization in seronegative subjects im own. Therefore adequate consideration should be given to
the laboratory methods and tests that used to confirm prior dengue exposure before vaccination,

in order to minimise the risk in thé&indicated population.

A risk of severe dengue disease waning of vaccine-protection over time is considered an important
potential risk in the RMP and'g be followed up in post-marketing.

There are limited safety da n adults. In immunological and safety terms, subjects from 9 to 45 years of
age are comparable sus 9-16 years of age, and therefore since no excess risk is observed for
seropositive subject 16 years old it is reasonable to assume that a similar situation would apply to
16 to 45 years-old. %ional safety data will be collected post-authorisation in adults through a long

term safety styd@er RMP.

No data are @ le in immunosuppressed subjects. The use in this population is contraindicated.
Howeve M ata will be generated post-authorisation.

There ited data from inadvertent use of Dengvaxia in pregnant women during clinical trials.
Pr was an exclusion criterion. These data are not sufficient to conclude on the absence of

| effects of Dengvaxia on pregnancy, embryo-foetal development, parturition and post-natal
development, given that Dengvaxia is a live attenuated vaccine. There are no data available on
breastfeeding. Therefore Dengvaxia is contraindicated during pregnancy and breastfeeding. A pregnancy
registry will collect data post-authorisation.
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There are very limited safety data regarding dengue vaccine interactions when administered sequentially
or co-administered with other vaccines, therefore co-administration with other vaccines is not
recommended at this stage. Some data will be generated post-authorisation.

Because Dengvaxia is based on yellow fever vaccine construct, there might be a potential riskof yellow
fever vaccine-associated viscerotropic and neurotropic disease, which will be followed up via r
safety monitoring in the post-authorisation phase as well as in a cohort event monitoring s@

3.6. Effects Table

Table 39: Effects Table for Dengvaxia to prevent dengue disease in individ
age with documented prior dengue virus infection and living in endemi

Effect Short

description

Favourable Effects

Dengvaxia

Placebo

Strength of
evidence/
Uncertainties

2
N
o

to 45 years of

References

Efficacy VE against VE % 62.8 -- N=24,858 Pooled
in 9-16 symptomatic (95%CI) (55.7; 68.8) primary objective CYD14+
YOA (all) VCD during PD3 met, any CYD15
period due to any Cases/ 219/15657 2 serostatus at
of the 4 person-years baseline
serotypes
Efficacy VE against VE % 79.4 Q N= 4,000 Pooled
in 9-16 symptomatic (95%CI) (58.4; 89.80 (immunogenicity =~ CYD14+
YOA VCD during PD3 \ subset) CYD15
(sero+) period due to any Cases/ 11/1473 26/713 VE in baseline
of the 4 person-years seropositive sbj
serotypes O
Efficacy VE against VE % 6 == N=25,826 Pooled
in 9-16 symptomatic (95%CI) (%9.9) secondary CYD14+
YOA (all) VCD during objectives met CYD15
Active Phase due & VE was moderate
to any of the 4 for serotypes 1
serotypes and 2 and higher
0 for serotypes 3
and 4
Efficacy VE against VE ¢ 81.9% == N= 4,000 Pooled
in 9-16 symptomatic ( (67.2 ; 90.0) (immunogenicity CYD14 +
YOA VCD during ﬁ subset) CYD15
(sero+) Active Phase due { VE in baseline
to any of the 4 seropositive sbj
serotypes
Efficacy VE during Active E % i) 80.8 -- N=25,826 Pooled
in 9-16 Phase dueMy (95%CI) (70.1; 87.7) secondary CYD14 +
YOA (all) of the 4 i) 93.2 objectives met CYD15
;Z;Oity & (77.3; 98.0)
) f lised iii) 92.9
@evere (76.1; 97.9)
*
NDHF (WHO
7)
Effic E during Active VE % i) 89.2 -- exploratory Pooled
i 9—5@ Phase due to any (95%CI) (78.5; 94.6) analysis CYD14 +
Y of the 4 ii) 95.3 CYD15+
o¥) serotypes (68.9; 99.3) CYD23
against: o
i) hospitalised
VCD ii) severe
VCD
Unfavourable Effects”
Systemi Headache Frequency of 54% 52% Same ADRs at Pooled*
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Short Dengvaxia Placebo Strength of References

description evidence/
Uncertainties

c ADRs Malaise reporting 44% 37% lower frequencies CYD14+
9-45YOA Myalgia subjects in 43% 38% were observed in CYD
(all) Asthenia clinical trials 34% 31% dengue

fever (%) 16% 16% seropositive
Local Injections site Frequency of 49% 39% subjects; @
ADRs pain reporting
9-45Y0OA subjects in Frequency of @
(all) clinical trials Grade 3 ADRs: \

(%) local 0.8%, {

systemic 9.
Abbreviations:

Cases: number of subjects with at least one symptomatic virologically-confirmed deng%de in the considered

period.

Person-years: sum of time-at-risk (in years) for the subjects during the study period &

CI: confidence interval; VE: Vaccine Efficacy; PD3 period: the 12-month period startin@yfrom 28 days after the third
injection; sero+: seropositive subjects at baseline; all: all study subjects regardless erostatus at baseline

ADRs: adverse drug reactions

Notes: VE is calculated using density incidence (cases per 100 person-years at riskg# The Active Phase represents the
25-month period after the first injection. * Reactogenicity subset of 1306 adufts and 3067 children (9-45YOA). ~ Only
the most frequently reported solicited local and general ADRs are reflected,i e table. Refer to the SmPC for a full

safety profile. @

3.7. Benefit-risk assessment and discussio Q

3.7.1. Importance of favourable and u f@urable effects

including protection against the severe forms of t sease which are considered the main purpose of a
dengue vaccine. An extensive safety database@ates a favourable reactogenicity profile similar to

other licensed vaccines. &

Exposure to dengue virus before vaccin@was identified as a key factor influencing vaccines efficacy.
While exploratory data indicated tha% ential limited short-term benefit against symptomatic VCD
might be conferred by vaccination iduals 9-16 years of age without prior dengue exposure, this
benefit is offset by an apparent i ed risk of hospitalized and severe dengue in the long term follow
up period of the pivotal studie ates from the long-term analysis suggest the onset of increased risk
was mainly during the 3rd eifollo

Dengvaxia showed protection against dengue dis’eéin a large number of children aged 9-16 years,

wing the first injection.

In 9 to 16 years old (and e in the 2 to 8 years old subjects, outside of the proposed indication)
classified as seropositi t baseline, a decreased risk of hospitalized VCD and clinically severe VCD case
was observed durin entire study. This decreased risk in seropositive subjects 9 to 16 years of age

translated into’ a@mate of 15 hospitalized dengue cases or 4 severe dengue cases potentially
prevented per vaccinees with previous dengue infection during 5 years of follow up from the first
injection (based #n cumulative incidence, seroprevalence and epidemiological conditions of the trials).

N

Althoug e figures may not be extrapolated to other regions with different seroprevalence and
epide I0Qical situations, the vaccine would clearly provide a benefit to individuals with prior infection by
de rus and the potential to prevent subsequent secondary severe infections.

Duwing the procedure a Scientific Advisory Group (SAG) was convened to discuss the available evidence.
The SAG concluded that even in areas where dengue is endemic, an age cut-off alone is not considered
sufficient to minimise the risk of severe dengue seen in seronegatives and that, within the age range

proposed by the Applicant for the indication (9-45 YOA), the vaccine should only be used in subjects who
have a laboratory confirmed exposure to dengue virus. When deciding this, the SAG took into account the
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fact that endemicity and seroprevalence are highly variable and changeable over time for dengue virus,
and that even in areas affected by outbreaks both remain moderate in EU territories.

The SAG discussed that there are at least 3 key factors to consider when defining a population that may
benefit from Dengvaxia: serostatus at baseline, endemicity and age. It was agreed that limiting the use
of the vaccine to seropositive subjects 9-45YOA residing in endemic areas would be the best @Ie
strategy under the current knowledge to limit the risk of developing severe dengue as seen
seronegative subjects. In light of the well-known heterogeneity of dengue epidemiology
seroprevalence-driven vaccination policy is deemed impractical and not sufficiently rell'a@gardless of
endemicity.

3.7.2. Balance of benefits and risks \Q

In conclusion, this application presented data in children and adults from the f9 months to 60 years
of age, with a proposed indication in the 9-45 years range. The overall vQ& data demonstrate that
there is benefit in preventing symptomatic and severe dengue dlsease ccmatmg individuals 9-45
years of age and that the reactogenicity profile is favourable. g

However due to an increased risk of hospitalisation for dengue a ically severe dengue

(predominantly grade 1 or 2 Dengue Haemorrhagic Fever) tha dentified in vaccinated seronegative
subjects, the use of Dengvaxia should be restricted to indiv, mho experienced a prior dengue virus
infection and who are living in endemic areas. Previous deémfectlon has to be assessed before
vaccination by laboratory confirmed history of dengu\ ough an appropriately validated serological
test.

To avoid vaccination of false positives, only test ds with adequate performance in terms of
specificity and cross-reactivity to other flavivir@ased on the local disease epidemiology should be
used.

The RMP includes additional risk minimlzcﬁ'ﬁctwltles to limit and prevent the identified risk.
3.8. Conclusions

The overall B/R of Dengvaxia i ;ve in individuals aged 9-45 years with laboratory confirmed prior
dengue infection and living i |c areas.

Divergent positions are ap - ed to this report.

4. Recommygatlons

Outcome o

decision the benefit-risk balance of Dengvaxia is favourable in the following indication:

Based oq‘ ﬂxclhiflP review of data on quality, safety and efficacy, the CHMP considers by majority

g@ is indicated for the prevention of dengue disease caused by dengue virus serotypes 1, 2, 3 and
ividuals 9 to 45 years of age with prior dengue virus infection and living in endemic areas (see
jons 4.2, 4.4 and 4.8). The use of Dengvaxia should be in accordance with official recommendations.

The CHMP therefore recommends the granting of the marketing authorisation subject to the following
conditions:
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Conditions or restrictions regarding supply and use
Medicinal product subject to medical prescription.

Official batch release

In accordance with Article 114 Directive 2001/83/EC, the official batch release will be unde by a
state laboratory or a laboratory designated for that purpose. c
2 4
o

Other conditions and requirements of the marketing authorisa(

Periodic Safety Update Reports QO

The requirements for submission of periodic safety update reports for this al product are set out
in the list of Union reference dates (EURD list) provided for under Article 10%7 of Directive 2001/83/EC
and any subsequent updates published on the European medicines wet@al.

The marketing authorisation holder shall submit the first periodic s@y update report for this product
within 6 months following authorisation. @

Conditions or restrictions with regard to the %and effective use of the
medicinal product

Risk Management Plan (RMP) \O

The MAH shall perform the required pharmacovigi@ activities and interventions detailed in the agreed
RMP presented in Module 1.8.2 of the marketin@ risation and any agreed subsequent updates of the
RMP.

An updated RMP should be submitted: &/
® At the request of the Europea edicines Agency;

® Whenever the risk mana@nt system is modified, especially as the result of new information
being received that mg to a significant change to the benefit/risk profile or as the result of
an important (phar gilance or risk minimisation) milestone being reached.

Additional risk minimis@- measures

Prior to launch of De’%ia in each Member State the Marketing Authorisation Holder (MAH) must agree
the content and f of the educational programme, including communication media, distribution
modalities, and ﬁher aspects of the programme, with the National Competent Authority.

The MAH sha(e‘wure that in each Member State where Dengvaxia is marketed, all healthcare
professio Nho are expected to use Dengvaxia have access to/are provided with the following

educatj ackage:
é{ysician educational material
ﬁysician educational material should contain:
e The Summary of Product Characteristics

e Guide for healthcare professionals
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The Guide for healthcare professionals shall contain the following key elements:

o That there is an increased risk of severe and/or hospitalized dengue following vaccination in
individuals not previously infected by dengue virus;

o That healthcare professionals have to document before vaccination the previous d ue
infection, which has to be assessed by laboratory confirmed history of dengue or_t gh
serotesting;

o The healthcare professionals should be aware that the test they use shoulﬁﬁ%adequate
performance in terms of specificity and cross-reactivity based on the loc is€ase

epidemiology. O

o That healthcare professionals should be aware of dengue early v@igns.

Divergent position(s) to the majority recommendation is appended to t?bgrt.

New Active Substance Status {

virus serotypes 1, 2, 3 and 4 (live, attenuated) is a new activ tance as it is not a constituent of a

Based on the CHMP review of the available data, the CHMP co i@)that chimeric yellow fever dengue
medicinal product previously authorised within the Europe@ia

Paediatric Data \O

Furthermore, the CHMP reviewed the available pa@ric data of studies subject to the agreed Paediatric
Investigation Plan P/0174/2015 and the result se studies are reflected in the Summary of Product
Characteristics (SmPC) and, as appropriate, théwPackage Leaflet.
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DIVERGENT POSITION D@8 OCTOBER 2018
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Divergent position Dengvaxia (EMEA/H/C/004171) - Dated 18 October 2018

The below mentioned members of the CHMP consider that: (i) the ability of serotests (currently on the
market or in development) to exclude the vaccination of dengue-seronegative individuals is nat enough
known (ii) the committed risk minimization measures are insufficient. This leads to an undeter risk
of inadvertent vaccination of seronegative subjects, which precludes to conclude on a posit@
Benefit-Risk balance for Dengvaxia. . %

The rationale is as follows:

Use of the vaccine in subjects who did not yet acquire a natural immunity against ue is associated
with an identified risk for severe dengue, which can be potentially fatal. On t r hand, use of the
vaccine in subjects previously exposed is associated with protection against@ Thus, it is key to
univocally identify the dengue infection history of candidate vaccinees bas@ heir medical records
and/or their serostatus prior to vaccination.

The indication is now restricted to individuals with documented prior . dengfle virus infection. General
recommendations on the importance of adequate testing are reflec in the indication and warning
section of the PI. In addition the Applicant will prepare a guide for@in order to limit misuse in the field.
However, despite these risk minimisation measures, the risk t?—%sberonegative individual will ultimately
be vaccinated and put at risk of potentially fatal dengue mi e contained. The below mentioned
members of the CHMP therefore remain very cautious wi Qﬂrd to the potential public health

implications of this dengue vaccine.

Only a test (testing strategy) leading to a negligible nu\moer of false positives (hence inadvertent
vaccination of naive individuals) should be used ccination. To achieve high Positive Predictive
Values (PPV), a test with a specificity approachinds\100% is required whatever the epidemiological
context, because of inevitable uncertainties,on séroprevalence levels, hence on pre-test probabilities
(highly locally variable, variable over tim &@iable according to demographic characteristics).

The performances of CE certified anti- e IgG ELISA and Rapid Diagnostic Tests (RDT) tests that are
commercially available are likely t ﬁgely overestimated in various epidemiological contexts
(flavivirus co-circulation and vacci@n). In particular Zika cross-reactivity is not well characterized. At
present, neutralisation assays e most specific, but may also be affected by cross-neutralisation in
the context of Zika co-circulagion. A strategy combining multiple tests could improve the specificity for
determining the dengue s atus. However, up to which level of specificity (while maintaining
acceptable sensitivityy) the tiple testing strategy can lead remains unclear. Highly specific serotests
are being developed th h the use of new technologies (such as very specific epitopes) but it is unclear
when such tests wiIvaiIabIe.

ISwpot clear whether and when tests (or testing strategies) with adequate performances
would be both available and feasible within the European context. The below mentioned members of the
CHMP co mq at this constitutes an obstacle for granting MA. More specifically: (i) At present, the risk
of inadve @' ly vaccinating naive individuals is not known. This leads to large uncertainties on the actual
benef@k balance, (ii) To achieve a negligible number of inadvertent vaccination of naive individuals, a
te ith a specificity approaching 100% is required. It is even more uncertain if and when such test

in

g strategy) is/would become available.

Consequently,®i

Bart Van Der Schueren (Belgium)
Bruno Sepodes (Portugal)
Koenraad Norga
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