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The Dengue Pandemic
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The XXth century dengue pandemic: need for surveillance
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Abstract

By the last decade of the XXth century Aedes aegypti and the 4 dengue viruses had
spread to nearly all countries of the tropical world. Some 2 billion persons live in dengue-
endemic areas with tens of millions infected annually. Dengue pandemics were also
documented in the XVIllth and XIXth centunies; they were contained by organized anti-
Aedes a=gypti campaigns and urban improvermnents. The ¥Xth century dengue pandemic
has browght with it the simultanecus dreulation of multiple serotypes and in its aftermath,
endemic dengue haemomhagic fever'dengue shock syndrome (DHFDSS). Nearly 3
million children have been hospitalized with this syndrome in the past 3 decades, mamnly
in South-East Asia. Recent outbreaks of DHFIDSS in the Pacific Islands, China, India,
Sri Lanka, Cuba and Venezuela are indicators of the high ntensity and rapid spread of
dengue transmission. The magnitude of the XXth century dengue pandemic requires
urgent mprovements in early waming sureeillance by WHO Member States and the
development of the capacity to study underying mechanisms of the disease. A key
research question is why does DHFDSE not occur with all second dengue infections?
Twe answers have been suggested: (1) a human resistance gene. Data from the 1881
DHF/DSS epidemic in Cuba have demonstrated the existence in blacks of a resistance
gene. The effect of such a gene in reducing disease susceptibifity of American and
African blacks requires more study. (2) The existence of dengue "biotypes™. Some, but
not all bictypes may cause DHF/DSS durng a second dengue infection (ABSTRACT
TRUMCATED AT 250 WORDS).
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Dengue and Dengue Hemorrhagic Fever
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The burden of dengue is large and growing

Dengue cases

(7]
()]
2] —
© 3,000,000
(]
(D) .
2 2,500,000 Region
G - Western Pacific
T 2.000,000 T >10-fold — |
© increase South-East Asia
g 1,500,000 ] B Americas
£ i
2 1,000,000

500,000 |

-
1990 1995 2000 2005 2010 2015

Year
Number of suspected or laboratory-confirmed dengue cases notified to WHO, 1990-2015. WHO, World Health Organization.

WHO, Dengue Control: Epidemiology, 2017.
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In endemic areas, most people will have had a dengue
iInfection by the time of adolescence

Dengue seroprevalence among urban dwelling Indonesian childrent

=
o
o

(o]
(@)
|

40 7

Dengue seroprevalence (%)
(@]
o

0

T T T T T 1
01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18

Age (years)

3,210 children enrolled from 30 geographically dispersed clustered from October—-November 2014.

Dengue seroprevalence assessed by testing for anti-dengue IgG antibodies by indirect ELISA. Error bars = 95% confidence interval.
ELISA, enzyme-linked immunosorbent assay.
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» The majority of childrenin

endemic dengue areas in
both Latin America and
Asia-Pacific regions are
seropositive by 9 years of
age'-3

Median age of
seroconversion among urban
dwelling children in Indonesia
was 4.8 years?

>80% seroprevalence among
children aged 10 years or
older?

1. Prayitno A, et al. PLoS Negl Trop Dis 2017;11:e0005621.
2. Dhar-Chowdhury P, et al. PLoS Negl Trop Dis 2017;11:e0005475.
3. L’Azou M, et al. Trans R Soc Trop Med Hyg 2018;112:158-68.



Measures for prevention and control of dengue are inadequate

Despite decades of research, no dengue-specific treatment is available?!

®  Prevention measures focus mainly on
vector control — none of which have stopped
the spread of dengue

» Measures are largely reactive?

= Aedes aegypti has developed widespread resistance to many
common insecticides?

= Community engagement is necessary
to sustain effective vector control?

= Even if low vector presence (eg, Singapore), dengue incidence
is dramatically increased?

1. WHO, Dengue fact sheet, 2018. 2. WHO, Global Strategy for Dengue Prevention and Control, 2012.
3. Ooi EE, et al. Emerg Infect Dis 2006;12:887-93.
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With the expectation of a new vaccine ...
Dengue is a public health priority

WHO estimates?

3.9 billion people live in dengue-endemic countries
(about half of the world’s population)

390 million people are infected per year

96 million symptomatic

500,000 people
with severe dengue require
hospitalization each year

WHO objectives
by 2020:2

mortality by 250%

2.5% of people morbidity by =225%

with severe
dengue
die

WHO, World Health Organization.

1. WHO, Dengue Fact Sheet, 2018. 2. WHO, Global Strategy for Dengue Prevention and Control, 2012.
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From (candidate) Vaccines to Vaccination

Regional
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Guidance for the Clinical Evaluation of Dengue Vaccine Candidates
2002 2008

Guidelines for the
clinical evaluation of
dengue vaccines

in endemic areas

for the evaluation

of dengue vaccines

in populations exposed
to natural infection

w.who.int/tdr

Immunization, Vaccines and Biologicals

@ World Health
%% Organization
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Overview of the CYD-TDV Clinical Program*

= 25 clinical studies supporting the dossier, in 15 countries.

) ) ; .. ) 5 phase I trials
= More than 40,000 subjects included in clinical studies. » in 3 countries
. . (USA, Mexico, Philippines)
= Nearly 29,000 children, adolescent and adults received the N=400 CYD vaccinees
Vaccine * Ages: 2-45 years

14 phase Il trials
‘ in 13 countries

(USA, Australia, Latin America, Asia)
N=5400 CYD vaccinees
Ages: 12 months-45 years

‘ 6 phase lll trials
in 12 countries

(Australia, Latin America, Asia)
N=23,000 CYD vaccinees

Ages: 9 months—60 years

>

¥ ~ " /
Non endemic_Phaselll____Endemic —m_

o *As of August 2015
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Clinical Trial Results

Protective efficacy of the recombinant, live-attenuated, > W +§
CYD tetravalent dengue vaccine in Thai schoolchildren:

a randomised, controlled phase 2b trial

Arunee Sabchareon, Derek Wallace, Chukiat Sirivichayakul, Kriengsak Limkittikul Pornthep Chanthavanich, Sarawwdh Suvannadabba,
Vithaya [rweariyave), Wut Dulyachai, Krisana Pengsaa, T AnhWartel, Annick Moureau, Melanie Saville, Alain Bouckenooghe, Simonetta Viviani,

Naodia G Tornieporth, Jean Lang

Sabchareon et al. LANCET 2012. Epub 2012 Sep. doi: 10.1016/S0140-6736(12)61428-7
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Clinical Trial Results

The NEW ENGLAND
>@% @ Clinical efficacy and safety of a novel tetravalent dengue JO URNAL of ME DICINE
~" vaccine in healthy children in Asia: a phase 3, randomised,

Obsewer.masked Placebo-controlled trial ESTABLISHED IN 1812 JANUARY 8, 2015 VOL.372 NO.2

(]
MoriaRosario Copeding Mgoc Huu Tran, S Rezeki 5 Hodinegara, Hussainlmam H) Myhemmad! smad, Tavee Chot pitayass nondh, M M M
MaryNareen Chua Chan QuangLuong Kusnandi Rusmil, Dewea Nysman Wirawan, Revathy Nallusamy Punnes Pitisuttithum, Usa Thispak om, EfﬁcaCY Of a Tetrava[ent Dengue Vaccule m Chﬂ dren
In-Kyu Yoon, Diane wan dar Viiet, Edith Langevin, Themaloot, YenesHutagekung, Caring Froga, Mok Boaz, T AnhWarte, Nadia G Tornieport b 1 1 1
Melanie Saville. Alain Bowckencoghe, and the CYD14 Study Group* m Latln Amerl ca

Luis Villar, M.D., Gustavo Horacio Dayan, M.D., José Luis Arredondo-Garcia, M.D., Doris Maribel Rivera, M.D.,
Rivaldo Cunha, M.D., Carmen Deseda, M.D., Humberto Reynales, M.D., Maria Selma Costa, M.D.,

asquilla, M.D., Luis Carlos Rey, M.D., Reynaldo Dietze, M.D.,
Miranda Montoya, M.D., Margarita Cortés Supelano, M.D.,

The NEW ENGLAND JoNorega, M. for the CYD1S Sy Croup
JOURNAL of MEDICINE

ESTABLISHED IN 1812 SEPTEMEBER 24, 2015

VOL 373 NO.13

Efficacy and Long-Term Safety of a Dengue Vaccine in Regions
of Endemic Disease

S.R. Hadinegoro, J.L. Arredondo-Garcfa, M.R. Capeding, C. Deseda, T. Chotpitayasunondh, R. Dietze,
H.l. Hj Muhammad Ismail, H. Reynales, K. Limkittikul, D.M. Rivera-Medina, H.N. Tran, A. Bouckenooghe,
D. Chansinghakul, M. Cortés, K. Fanouillere, R. Forrat, C. Frago, S. Gailhardou, N. Jackson, F. Noriega,

E. Plennevaux, T.A. Wartel, B. Zambrano, and M. Saville, for the CYD-TDV Dengue Vaccine Working Group*

Capeding et al. LANCET 2014. Epub 2014/07/16 doi: 10.1016/s0140-6736(14)61060-6
o Villar et al. NEJM 2015 Epub 2014/11/05 doi: 10.1056/NEJM0al1411037
SANOFI PASTEUR 4 Hadinegoro et al NEJM 2015 Epub 2015/07/28 doi : 10.1056/NEJMo0al506223



Scientific Discussion

PERSPECTIVES

=) vECTOR-BORNE DISEASES

Asia® and the other in children 9-16 years

OFINION of age in Latin America™ (5o 1) The active
. phase of these two trials (the 25 months
Dengue vaccine: hypotheses to following the intialvaccination) has novs
. been completed, and both trials reached
understand CYD-TDV-induced ther primacy endpoin by demonsiztng
. vaccine efficacy against virologically
prOtECtlon :fuﬁmcywsamuu.i:dcf]ij;twitftmpecﬁw
of disease severity and infecting DENV
Bruno Guy and Nicholas Jackson serotype) BOK |]. An acceptable safety
profile, consistent with prior trials, was

Abstract | Dengue virus (DENV) iz & human pathogen with a large impact on public 1o, demonstrated in both trials during
health. Although no vaccine against DENV iz currently licensed, a recombinant  the active surveillance period. All four
vaccine —chimeric yellow fever virus—DENV tetravalent dengue vaccine mmc@uﬁmdto ﬂJEWETE]lEfﬁEB-C}‘
(CYD-TDV)—has shown efficacy against symptomatic dengue disease in two mboth:;dlm,anc}bﬂﬂ:[ mﬂhdjhn T
recent Phaze |l clinical trials. Safety observations were also recently reported for gm.ner Heacy w SEvere clsenss |

. . .. . . h . against disease leading to hospitalization,
these trials. In this Opinion article, we review the data from recent vaccine clinical in comparison with the overall efficacy
trials and discuss the putative mechanisms behind the observed efficacy ofthe |5 1). Newly publishad longer-term safety
vaccine against different forms of the disease. focusing on the interactions  data have now been obtained for the first
between the infecting virus, pre-existing host immunity and vaccine-induced ﬂ“dm'wm#.mm_
immune responses. phamlzﬁulrﬂzlznaferyefpmpmtnmql?mg

hespitalization (referred to as the hospital

SANOFI PASTEUR \) Guy & Jackson. Nature reviews Microbiology. 2015 Epub 2015/12/07 doi:10.1038/nrmicro.2015.2



Scientific Discussion
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The Long-Term Safety, Public Health Impact,
and Cost-Effectiveness of Routine Vaccination
with a Recombinant, Live-Attenuated Dengue
Vaccine (Dengvaxia): A Model Comparison
Study
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Scientific Discussion

primary ndary
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Ag 1. Nustration of the assumed vaccline mode of action. Without vacdnafion (top row), an individual will (oy definition) expenence a primary infection
first, followed by a secondary infection, and then postecondary infections. For vacciness seronagative at the time of vaccination (middle row), their first
natural infection behaves immunologically a5 a sacond natural infection would. 5ubsequeant infactions would immunologically behawe as postsecondary
infactions. For vacaness seropasitive at the time of vaccination, any subsequent infection would immunologically behave as a postsecondary infection.
The bottom row depicts such a case, in which the vaccinated individual has previously expenenced anly a angle dengue infection. Because all
postsecondary infedhions are assumed to have the same nisk of diseass, vacocination of individuals who have already had two infedionswould not
madulaie the sk of disease for subsequent infections. Boxes are color-coded acoording o the level of disaase risk thought to be assocated with pimary,
secondary, and postsecond ary infections. The spacific nisks of developing dengue diseasa differ by modealling group (51 Aopendix Tables Band C).

doi 10,1371 jpurmal prmsd 10021 81 g00+

SANOFI PASTEUR \j Flasche et al. PLoS Med. 2016 Nov. doi: 10.1371/journal.pmed.1002181



Scientific Discussion

SANOFI PASTEUR g

RESEARCH | REPORTS

DENGUE VACCINE

Benefits and risks of the
Sanofi-Pasteur dengue vaccine:
Modeling optimal deployment

Neil M. Ferguson,'*t Isabel Rodriguez-Barraquer,?* Ilaria Dorigatti,’
Luis Mier-y-Teran-Romero,? Daniel J. Laydon, Derek A. T. Cummings>?®

The first approved dengue vaccine has now been licensed in six countries. We propose that
this live attenuated vaccine acts like a silent natural infection in priming or boosting host
immunity. A transmission dynamic model incorporating this hypothesis fits recent clinical trial
data well and predicts that vaccine effectiveness depends strongly on the age group
vaccinated and local transmission intensity. Vaccination in low-transmission settings may
increase the incidence of more severe “secondary-like” infection and, thus, the numbers
hospitalized for dengue. In moderate transmission settings, we predict positive impacts
overall but increased risks of hospitalization with dengue disease for individuals who are
vaccinated when seronegative. However, in high-transmission settings, vaccination benefits
both the whole population and seronegative recipients. Our analysis can help

inform policy-makers evaluating this and other candidate dengue vaccines.

dynamics—make it far from simple to extrapolate
from the trial results to predict the potential im-
pact of wide-scale use of this vaccine.

We therefore developed mathematical models
of DENV transmission (10) to explore hypotheses
about vaccine action and to examine the poten-
tial consequences for the impact of routine use of
this vaccine. Given the trial results (see table SI),
any model needs to incorporate waning of effi-
cacy over time. Hence, we fitted a “simple” model
to the publidy available trial data (6-8), where
efficacy was allowed to decay from an initial high
value to some lower long-term value, with these
efficacy values assumed to be different for sero-
positive and seronegative vaccine recipients. The
resulting parameter estimates and poor overall
fit (table S5 and fig. S5) led us to propose a more
biologically motivated model, in which the im-
munological effect of vaccination is comparable
to a silent natural infection (fig. S1). Seronegative
recipients gain transient protective cross-reactive
immunity akin to that observed for natural infec-
tion (21-23). After this protection decays, lower
concentrations of heterotypic antibodies increase
the risk of severe disease upon a breakthrough

Ferguson et al. Science 2016 Sep doi: 10.1126/science.aaf9590



Joint Regulatory Review

Technical consultation with seven NRAs on the dengue vaccine dossier
28-30 July 2015, at WH

Vacdne 35(2017) 5731-5733

Contents lists eveilable st Sciencelirect
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Commentary

The value of multi-country joint regulatory reviews: The experience of a @mmﬂ
WHO joint technical consultation on the CYD-TDV (Dengvaxia®) dossier

Kirsten Vannice ?, Liliana Chocarro®, Michael Pfleiderer®', Ahmed Bellah?, Michael Ward ¢,

In-Kyu Yoon °, Joachim Hombach **
*World Health Organization, Department of lTmmunization, Vacdnes and Biologialks, Genewva, Switzerland
“De’:g:ue’ Vacdne Initiafve - hismational Varine nstitule, Ssoul, South Ko

© Thaair af Consultation, Pawl Fhriich Inssut, Langsn, Cermany
A Wor bl Health Qrgani zition, Department of Emential Medi dnes, Seneva, Swierkand

SANOFI| PASTEUR \j http://dx.doi.org/10.1016/j.vaccine.2017.07.044



Joint Regulatory Review

+ Technical consultation with seven NRAs on the
dengue vaccine dossier 28-30 July 2015, at WHO
1. Agéncia Nacional de Vigilancia Sanitaria (ANVISA),
Brazil;

2. Instituto Nacional de Vigilancia de Medicamentos y
Alimentos (INVIMA), Colombia;

3. National Agency of Drug and Food Control (NA-DFC),
Indonesia;

4. National Pharmaceutical Control Bureau, Ministry of
Health, Selangor, Malaysia;

5. Federal Commission for the Protection from Sanitary
Risks (COFEPRIS), Mexico;

6. Center for Drug Regulation and Research, Department
of Health, Philippines;

7. Department of Medical Sciences, Ministry of Public
Health, Thailand.

+ MXC and BRA are WHO approved functional
NRA’s

* US FDA and EMA participate
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Commentary

The value of multi-country joint regulatory reviews: The experience of a ,@OWM,*
WHO joint technical consultation on the CYD-TDV (Dengvaxia®) dossier

Kirsten Vannice 2 Liliana Chocarro®, Michael Pfleiderer=', Ahmed Bellah®, Michael Ward ¢,
In-Kyu Yoon " jaachlm Hombach **

AWarld Health i ind Biologicale, Ceneva, Switser and

© Deengue Viceine Initio fve - htemational Varine nstitute, San. South Korm

© Chair of Cansultation, Faul Ehriich Insfitut, Langen, German
“ Warld Health Organiztion, Department of Esensial Medicines, Geneva, Swizerand

* This consultation built on of a series of regular
meetings organized by DVI starting in 2013, with
this same group of seven NRAs from countries where
the first registration of CYD-TDV was anticipated, and
which had agreed with the concept of participating in
a joint evaluation of the registration dossier.

http://dx.doi.org/10.1016/j.vaccine.2017.07.044



Safety Review - WHO GACVS
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the Global Vaccine Safet 4 porson on safety (GACVS), E] sétl:lr_ité vaccinale (GACVS), safety surveillance fi suscossuboi-lihte 1, Gobal Advisory Committee on  Le Comite consulfar mondial de ls sécurite
hrough the Global Vaccine ! m M[G“MM 10-11 June 2015 10-11 juin 2015 during pregnancy: _ e St AT e O
: Safety of CYD-TDV dengue vaccine Innocuité du vaccin CYD-TDV contre la Sommaire Tt e an i oy vtes of | sonels e piade gaent s:u;:ﬁb::e o
423 Proges s et dengue 1 o e el Tmporiante: GACVS held don problémes e ccurie des varcies £
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eradi H .
i " Le CYD-TDV est un vaccin tétravalens, vivant 15-t6hin 2016 ifs 4% macting in Conama, Switzerla
201a-Ry 2015 CYD-TDV is a tetravalent, live attenuated, 3 L 15-16 June 2016* The Committee

420 Moty rpatonchacunaie himeric dengue vaccine in a yellow fever  attémué et recombinant contre la dengue, muis ined 3 generic fssues: (1) a new initiative et 16 juin 20167 Tl 3 examiné 3 questions giné-

cases, laviary-June 1015 17D backbone developed by Samofi Pasteur. & point  partir de la souche 17D de la fisvre (o promate Liesll product viglnce @ rigues i) e newvelle ittve pous promen

s B The schedule that has been evaluated in jaune par Sanofi Pasteur Le calendrier d'ad- low- and  middleincome counries  voir Ia viglance 3 Végard des produits sani-

ommaire Phase IIT cliical trials includes 3 doses of  Mimistrarion évalug dans  essais cliniques de (LMICs); (1) the harmonizstion of the  taires dans les pays 3 revenu famle ou

421 Addendum au rapport du vaccine (st 0, 6 and 12 months). Resalts  phase III comprenait 3 doses vaccinales (3 0 definition of health events for pharmaco-  intermediaire; i) Iarmonisation de 1a defini-

X 3 3 elance sradie

Colitiocthad nerdid from 2 Phase III trials in Asio® (CYDl% 6 et 12 mois). Les résultats de 2 essais de e e I ey it dsisies dus 1

de |a sécuriné waccinale N - N e ddkcod, and (i) 3 Pl émdes de durant la gros-

e 0 an 2015 10275 chlldren aged 114 pears) and Latin  phase 111 mends en Asie' (CYDI4, 10275 Seudy to asess rare avents aough M. sesee et I porite enfance e i) ane Evune e

8 o America® (CYD15; 20 369 children, aged enfants de 2 4 14 ans) et en Amérique latine’ country collsborstion. The Committee  preuve de concept pour évaluer les manifests-

|'ﬁu:ﬁr\|: bor: S 016 years) were published im 2014 (CYDI5; 20860 enfants de @ & 16 ans) ont &t 150 reviewed vaccine-specific safefy ssues  tions rares au_travers dune collaboration

au Nigérs,jarwies 2014-|det  Vaccine efficacy against sympomstic  publiés en 2014 Defficacité dn vaccin contre o tourne infot vacdoaton n odia and el s Le GACYS 3 falmen: sxamindune

20 e " . imtial post-licensure étude de Vinzocuité des vaccins dans le cadre

e virclogically confirmed dengue was esti-  la dengue symptomatique, virologlquement dengs vaceine. dela vaccination syseémarique des nourrissoss

430 Rappert mensuel des casde mated to be 56.5% and 60.9%, respectively.  confirmeée, a été estimée  56,5% et 60,8%, en Inde, ainsi que les premiéres donnes post-
dracuicss pverin 2015 Vaccne efficacy varied by serotype,  respectivement Cette efficacits varisit en Lomalogation du vacin conrre 1a dengue.

serostamas at the time of receiving the first fonction du sérotype, du statut sérologique su
dose (messured by presence of neatraliz-  moment de la réception de la premisre dose

SANOFI| PASTEUR ~) WER 88, 2013, pp. 68-69; WER 90, 2015, pp. 17-18;
WER 90, 2015, pp. 421-423; WER 91, 2016, pp. 346-347
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|mmunization, Vaccines and Technical advisory group on dengue vaccines in e = f ¥ & +
Biologicals late stage development (May 2012-March 2015)
Vaccines and diseases Terms of reference

The technical advisory group on dengue vaccines in late stage development provides
advice to WHO on issues concerning the evaluation of dengue vaccines in pivotal
clinical trials in endemic countries. Specific responsibilities include:

Global Vaccine Action Plan
» WHO policy recommendations

National programmes and 1. Defining which data need to be generated in clinical trials to enable an

systems assessment of the possible public health impact of a dengue vaccine, with a
view to ling the of future i i il
WHO

Monitori d I
+ Monitoring and sunveliance 2. Interpreting relevant data from phase 2, phase 3 and phase 4 trials, including

data related to immunogenicity, safety and efficacy, with a particular focus on the
Quality, safety and standards assessment of long-term safety and effectiveness.

~ Research and development Membership

« Jeremy Farrar, Chair, Wellcome Trust, UK

* Neal Alexander, International Centre for Medical Training and Research
(CIDEIM), Colombia

» Ananda Amarasinghe, Ministry of Health, Sri Lanka

« Alan Barreft, University of Texas Medical Branch, USA

* Robert Breiman, Emory Global Health Institute, USA

« John Clemens, International Centre for Diarrhoeal Disease Research, Bangladesh

* Robert Johnson, National Institute of Allergy and Infectious Diseases, USA

Newsroom * Expedito José de Albuquerque Luna, University of 30 Paulo, Brazil

« Pratap Singhasivanon, Mahidol University, Thalland

« Peter Smith, London School of Hygiene and Tropical Medicing, UK

« Maria da Gléna Lima Cruz Teixeira, Federal University of Bahia, Brazil

Research by disease
Implementation research
Advisory committees

Resource materials

WHO Secretariat

e Kirsten Vannice, Scientist, Initiative for Vaccine Research

Related links

— Dengue vaccine research and WHO activities

SANOFI| PASTEUR ‘j http://www.who.int/immunization/research/committees/dengue | tag/en/
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SAGE Working Group on Dengue Vaccines and
Vaccination (March 2015 to August 2016)
Terms of Reference

The Working Group will be asked to review the evidence, identify the information
gaps, and formulate proposed recommendations on the use of a licensed dengue
wvaccine for a SAGE review. This review is tentatively scheduled for April 2016. This
will lead to the publication of a WHO position paper on the use of a dengue vaccine.

The Working Group will specifically be asked fo review data relating fo:

the global prevalence and burden of disease caused by dengue

the safety, efficacy, and immunogenicity profile of a licensed dengue vaccine
the schedule, age of i , and potential i strategies for a
dengue vaccine, including setting-specific attributes that may be important for
designing immunization programs

the disease impact and cost-effectiveness of dengue immunization programs
identification of key data gaps that may be important for decisions about
immunization programs, and recommendations for data collection related to key
issues such as long-term safety, duration of protection, efc.

additional critical issues that need to be considered in drafting proposed
recommendations

Composition
SAGE members

« Terry Nolan, (Co-Chair of the Working Group), Melbourne School of Population
and Global Health, Australia
« Piyanit Tharmaphompilas, Ministry of Public Health, Thailand

Experts

Jeremy Farrar, (Co-Chair of the Working Group), Wellcome Trust, UK

Ananda Amarasinghe, Ministry of Health, Sri Lanka (resigned from Working Group
29 February 2016)

Alan Barrett, University of Texas Medical Branch, USA

Anna Durbin, Johns Hopkins Bloomberg School of Public Health, USA (resigned
from Working Group 31 December 2015)

Elizabeth Ferdinand, University of the West Indies, Barbados

Maria Guzman, Pedro Kouri Trapical Medicing Institute, Cuba

Maria Novaes, Universidade de S3o Paulo, Brazil

Lee Ching Ng, National Environment Agency, Singapore

Amadou Sall, Institut Pasteur de Dakar, Senegal

Peter Smith, London School of Hygiene and Tropical Medicine, UK

Wellington Sun, U.S. Food and Drug Administration, USA (resigned from Working
Group 1 February 2018)

Stephen Thomas, Walter Reed Army Institute of Research, USA

e = f ¥ & +

http://www.who.int/immunization/policy/sage/sage
_wg_dengue_mar2015/en/
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First regulatory
approvals in
December 2015

Mexico*
Brazil*
The Philippines
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SAGE - APRIL 2016

4 TRE FUll TEpOrt Tor e SAGE meetng of 17-19 OCIODer 15 Now
available.

Immunization, Vaccines and Biologi,

| Immunization, Vaccines and 1 December 2017

Biologicals

Full report for the SAGE meeting of

Vaccines and diseases

Global Vaccine Action Plan

+ WHO policy recommendations = Full SAGE report for the October 2017 meeting

Immunization schedules
Position papers
Advisory committees

National programmes and
systems

SAGE news | report for the SAGE ‘Summary report for the SAGE meeting of April
» Monitoring and surveillance meeting of October 2017 SAGE meeting of October 2017 - conclusions and I
2017 recommendations A
Quality, safety and standards

» Research and development
The Strategic Advisory Group of Experts (SAGE) on Immunization was established

Resource materials by the Director-General of the World Health Organization in 1999 to provide Next meeting
guidance on the work of WHO. SAGE is the principal advisory group to WHO for
Newsroom vaccines and immunization. It is charged with advising WHO on overall global The next SAGE meeting will take place in
policies and strategies, ranging from vaccines and technology, research and Geneva from the 17-19 April 2018
, to delivery of and its linkages with other health — & SAGE April 2018 - draft agenda
interventions. SAGE is concerned not just with childhood vaccines and = pdf, 180kb

As of 29 March 2018

but all diseases
o ; — & Declaration of interests for SAGE
= meeting April 2018
— & SAGE terms of reference pdf, 454kb
2 pdf, 157kb
— What is SAGE ? ™
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Dengue vaccine

Worldwide, dengue is the most extensively spread
mosquito-borne viral infection. It is caused by 4 related
viruses (DENV 1-4). In the last 60 years, the incidence
of clinical dengue cases reported to WHO has increased
30-fold, with a much increased geographic range and
expansion from urban to rural settings. The objectives
of the WHO Global Strategy for dengue prevention and
control (2012-2020) are to reduce mortality and morbid-
ity from dengue by 2020 by at least 50% and 25% respec-
tively.’ The first dengue vaccine, CYD-TDV (Dengvaxia®),
has now been licensed by several dengue-endemic
countries in Asia and Latin America for use in persons
aged 9-45 or 9-60 years, and is under regulatory review
in several others.

Vaccin contre la dengue

La dengue est la maladie virale transmise par les moustiques
dont la propagation est la plus forte dans le monde. Elle est
provoquee par 4 virus apparentés (DENV 1-4). Au cours des
60 derniéres annees, I'incidence des cas cliniques de dengue
notifiés a 'OMS a augmenté d’un facteur 30, la zone geogra-
phique touchée est devenue beaucoup plus vaste et la maladie
s'est propagée des zones urbaines aux zones rurales, La Straté-
gie mondiale de lutte contre la dengue (2012-2020) de I'OMS
vise a réduire la morbidité et la mortalité imputables & cette
maladie d’an moins 50% et 25% respectivement d'ici 2020 Le
premier vaccin contre la dengue, CYD-TDV (Dengvaxia®), est
désormais homologué dans plusieurs pays d’endémie d’Asie et
d’Amérique latine pour la tranche dage de 9-45 ans ou de
9-60 ans, et est actuellement examiné par les autorités régle-
mentaires de plusieurs autres pays.

2016, ™, 342-264
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Dengue vaccine: WHO
position paper - July 2016

Introduction

In accordance with its mandate to provide
guidance to Member States on health
policy matters, WHO issues a series of
regularly updated position papers on
vaccines and combinations of vaccines
against diseases that have an international
public health impact. These papers are
generally concerned with the use of
vaccines in  large-scale immunization
programmes; they summarize essential
background information on diseases and
vaccines, and condude with the current
WHO position on the use of vaccines
worldwide.

Weekly epidemiological record
Relevé épidémiologique hebdomadaire

29 JULY 2016, 91th YEAR 7 29 JUILLET 2018, §1° ANMEE

Note de synthése de I'OMS
sur le vaccin contre la dengue
- juillet 2016

Introduction

Conformément 3 son mandat, gui prevoit
qu'elle conseille les Etats Membres en matidre
de politique sanitaire, I"OMS publie une série
de notes de synthése réguliérement mises &
jour sur les waccins et les associations vacci-
nales contre les maladies gqui ont une inci-
dence sur la santé publigue internationals. Ces
notes, qui traitent généralement de Dutilisa-
tion des wvaccins dans les programmes de
vaccination 4 grande échells, résument les
informations essentielles sur les maladies et
les vaccins concernés ef présentent en conclu-
sion la position actaelle de I'"OMS concernant
l'atilisation de ces vaccins i Iéchelle mondiale.

http://www.who.int/wer/2016/wer9130.pdf?ua=1
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Knowledge gap

Research Priorities

Table 12 Research priorities related to CYD-TDV identified by the SAGE Working Group on Dengue Vaccines.

CYD Research Question | Priority Addressed in RMP? Notes

Risk of Critical Post-licensure studies in RMP This is a critical research question
severe/hospitalized will not test serostatus at the that needs to be addressed with
dengue over time in time of vaccination, although carefully considered research
vaccinated serostatus from yearly surveys protocols. Dedicated studies are
seronegatives will be known. needed.

®  The scientific and public health community, as well as several regulatory agencies expressed
high interest in obtaining more clarity on the safety and efficacy of the CYD dengue vaccine
according to presence or absence of previous dengue exposure (refer commonly as “baseline
sero-status”)

®  However, baseline samples were not obtained in the majority of study participants in CYD14
and CYD15 studies (80% and 90%, respectively)

Baseline Dengue sero-status (as a surrogate of pre-vaccination dengue exposure) is unknown for the
majority of subjects in these studies

SA N o F I PASTE U R @.  WHO, SAGE Background paper on dengue vaccines, March 2016. Available at: 6
u http://www.who.int/immunization/sage/meetings/2016/april/1_Background_Paper Dengue Vaccines_2016 |0§ 17.pdf?ua=



http://www.who.int/immunization/sage/meetings/2016/april/1_Background_Paper_Dengue_Vaccines_2016_03_17.pdf?ua=1
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Efficacy and safety of
CYD-TDV dengue
vaccination in seropositive
Individuals aged 9 years or
older

Impact of dengue serostatus on dengue
vaccine safety and efficacy.
Sridhar S, et al. N Engl J Med 2018: In press.

)%}
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Summary of phase llI efficacy results

Vaccine efficacy by age (years)

T CYD141
S 807 59.5
o 60 33.7
ui 40 7
> 20

0
= 2-5 6-11

2

> 807 617 CYDIS
2 607
S 401
Llj -
W 20°

0

9-11

Vaccine efficacy in 9-16-year-olds?

Pooled analysis of CYD14 and CYD15

Vaccine efficacy, % (95% CI)

65.6
60.7 =il 69.9
i 81.9
67.2 =il 00 .0
i 52.5
53 = 76.1
0 20 40 60 80 100

= Vaccine efficacy is impacted by age and baseline serostatus?®

= An increased risk of hospitalization and severe dengue with
vaccination was seen in <9-year-olds, mainly driven by data in

74.4
Overall
N=25,826
Seropositive*
N=2323
Seronegative*
67.6
12-16

2-5-year-olds in the CYD14 study?®

= Supplemental analyses conducted to investigate the effects of
age and previous dengue infection on vaccine efficacy*

*Serostatus assessed at baseline with the plaque reduction neutralisation test (PRNT5,) in immunogenicity subset.
Cl, confidence interval; N, number of subjects included in the analysis; VE, vaccine efficacy.

SANOFI PASTEUR g

1. Capeding MR, et al, Lancet 2014;384:1358-65 & Supplementary appendix. 2. Villar L, et al. N Engl J Med 2015;372:113-23 &
Supplementary appendix. 3. Hadinegoro SR, et al. N Engl J Med 2015;373:1195-206. 4. Sridhar S, et al. N Engl J Megql 2£8.8: In

press & Supplementary appendix.



Supplemental analysis and pooled analysis of efficacy trials

Efficacy analyses Long-term follow-up safety analyses
Active surveillance phase Long-term follow-up phase (single-blind)
Active phase (%bserver-bi@diéerminated) 24 25
timeline (months) ¢ I L L—

Primary pooled
efficacy analysis:
PP analysis set

glnjections?
Pooled analysis of [ y
efficacy trials

(CYD14, CYD15)!

————————

1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
ho 1

4

Efficac outcomes gx tomatic VCD !
_ Safet outcomes hospitalized/severe VCD

ITT, intention-to-treat; PP, per-protocol; VCD, virologically confirmed dengue.

I
I
Ll
| Secondary exploratory pooled [ 'i
| efficacy analysis: 1 :
1 ITT analysis set I @ . — . >
+ + i 1 | Safety analysis (hospitalized dengue): safety analysis set
Year 1 - : Year 2 '? : Year 3 '? Year 4 '? Year 5 - . Year 6 -
1
True baseline (M0) Surrogate baseline : ' : : :
Supplemental I ("K?’) I I I I
1 ! 1 1 1
I I

analysis

(CYD14, CYD15 &
CYD23/57)?

1. Hadinegoro SR, et al. N Engl J Med 2015;373:1195-206. 2. Sridhar S, et al. N Engl J Med 2018: In press & Supplementary appendix.
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Supplemental analysis design

CYD14 Phase lll trial? CYD15 Phase Il trial3 CYD23/57 Phase llb trial4>

Asia Pacific Latin America Thailand
(N=10,272) (N=20,854) (N=3203)

Random selection of 10% sub-cohort after stratifying by age group and study site

4 4 4

CYD14 sub-cohort CYD15 sub-cohort CYD23/57 sub-cohort
(N=1099; 10.7%) (N=2130; 10.2%) (N=349; 10.9%)
Measured PRNT MO Measured PRNT MO Measured PRNT MO

(602/1099; 54.7%) (540/2130; 54.7%) (271349; 7.7%)
Measured NS1 M13 Measured NS1 M13 Measured NS1 M13
(1048/1099; 95.4%) (2031/2130; 95.4%) (349/349; 100%)

I * |
Total subjects in sub-cohort (N=3578; 10.4%)
Measured PRNT MO (1169/3578; 32.7%)

Measured NS1 M13 (3428/3578; 95.8%)

PRNT MO, plague reduction neutralization test at Month 0;
NS1 M13, anti-non-structural protein 1 (NS1) immunoglobulin G enzyme-linked immunosorbent assay at Month 13.

1. Sridhar S, et al. N Engl J Med 2018: In press & Supplementary appendix. 2. Capeding MR, et al. Lancet 2014;384:1358-65.
3. Villar L, et al. N Engl J Med 2015;372:113-23. 4. Sabchareon A, et al. Lancet 2012;380:1559-67. 5. Hadinegoro SR, et al. N Engl J Med 2015;373:1195-206.

SANOFI PASTEUR g | 0



Assessment methods

®  Cumulative incidences, hazard ratios or relative risks of hospitalized dengue, severe dengue and
vaccine efficacy in the case-cohort were analyzed using three methodologies:

NS1-Th9-M13
* Analysis based on serostatus based on anti-NS1 titers

from Month 13 onwards
* Asthe CYD-TDV vaccine encodes the NS1 protein from

yellow fever virus, it is not expected to induce meaningful

MI-MO

* Multiple Imputation method applied on entire dataset to
impute missing baseline PRNT, serostatus based on
variables including M13 anti-NS1 titers, vaccination

TMLE-MO

* Machine learning used to predict baseline serostatus
based on M13 anti-NS1 titers, M13 PRNTjg, titers (if
available), vaccination status, age and country.

antibodies to the dengue NS1 protein

Therefore, presence of dengue NS1 antibodies may
differentiate previous exposure to natural dengue
infection from previous exposure to CYD vaccination

status, age, country and indicators of symptomatic VCD
Regression modelling used to estimate hazard ratio or
vaccine efficacy from MO onwards

Risk of dengue hospitalization and severe dengue and
vaccine efficacy from MO onwards estimated by Targeted
Minimum Loss-based Estimator

MO, Month 0; M13, Month 13; MI-MO0, Multiple Imputation, Month 0; NS1, non-structural protein 1; PRNT5,, 50% plaque reduction neutralization test;

TMLE, Targeted Minimum Loss-based Estimator; VCD, virologically confirmed dengue.

SANOFI PASTEUR g
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Assessment methods

®  Cumulative incidences, hazard ratios or relative risks of hospitalized dengue, severe dengue and
vaccine efficacv in the cace-cohart were analvzed 11sinn three methndnlnnies:

Data will be presented for the Multiple Imputation (MI-M0) assessment

* Multiple Imputation method applied on entire dataset to status, age, country and indicators of symptomatic VCD
impute missing baseline PRNT;, serostatus based on * Regression modelling used to estimate hazard ratio or
variables including M13 anti-NS1 titers, vaccination vaccine efficacy from MO onwards

MO, Montn u; M13, VMoNtn L3; MI-MU, Multiple Imputation, MoNtn U; NSL, hon-structural protein 1; PRN | 55, SU% plague reauction neutralization test;
TMLE, Targeted Minimum Loss-based Estimator; VCD, virologically confirmed dengue.

o
SANOFI PASTEUR LY Sridhar S, et al. N Engl J Med 2018 & Supplementary appendix. | 32



Vaccination reduces the risk of hospitalized and severe dengue

In seropositive 9—16-year-olds up to 5 years after first injection

Cumulative incidence of hospitalized and severe dengue

S 80
< g 7.0
= '§ 6.0
fN) —
£ ‘_ﬁ 5.0
83 40
S 3 30
£ C :
©
o % 2.0

2 1.0

3 o0

No. Control

at risk: Vaccine

Seropositive 9-16-year-olds

- ===" Control

. = Vaccine

— _’_———/-——-——————-__

___—-.Tﬂ"'-l" : —— - - T r \

0 6 12 18 24 30 36 42 48 54 60 66
Time from MO (months)

730 725 705 699 695 689 688 686 658 615 592 150
1503 1490 1462 1453 1447 1434 1422 1403 1351 1284 1226 308

Cumulative incidence of dengue hospitalization in seropositive participants aged 9-16 years old. MI-MO estimate.
MO, Month 0; MI-MO, Multiple Imputation, Month O.

L\
SANOFI PASTEUR LY Sridhar S, et al. N Engl J Med 2018 & Supplementary appendix.
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High vaccine efficacy against symptomatic dengue (VCD) for
seropositive 9—-16-year-olds during 25-month Active Phase

Vaccine efficacy against symptomatic dengue for
seropositive individuals during 25-month Active Phase

Age Vaccine Control Vaccine efficacy, %
(years) n (M) n (M) (95% ClI)
192.7 3721 76
ole (1441.4) (697.3) 64 ——— 34
| | | | |
0 20 40 60 80 100

Vaccine efficacy against symptomatic virologically confirmed dengue (VCD) up to Month 25 for seropositive participants according to age strata. Mi-ii0
estimate. n and M are averages from 10 iterations of multiple imputations with n representing the number of participants that were cases of symptomatic VCD
and M the total number of participants selected in the subcohort; estimates are from M0—M25. Cl, confidence interval; MI-MO, Multiple Imputation, Month 0.

L\
SANOFI PASTEUR LY Sridhar S, et al. N Engl J Med 2018 & Supplementary appendix. | 34



Comparable vaccine efficacy across the individual efficacy trials
in seropositive 9—16-year-olds up to 25 months after first injection

Vaccine efficacy against symptomatic dengue (VCD) for
seropositive individuals during 25-month Active Phase

Study Vaccine Control Vaccine efficacy, %
n (M) n(M) A (95% CI)
75
50.9 102 =
CYDI4  (204.6) (151.2) 50 =
76
141.8 270.1
CYDIS  (1146.8) (546.1) 62 22
0 20 40 60 80 100

Vaccine efficacy against symptomatic virologically confirmed dengue up to Month 25 according for seropositive 9-16-year-old participants. MI-MO estimate. n
and M are averages from 10 iterations of multiple imputations with n representing the number of participants that were cases of symptomatic VCD and M the
total number of participants selected in the subcohort; estimates are from M0-M25. Cl, confidence interval; MI-MO0, Multiple Imputation, Month 0.
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Consistent reduction in the risk of hospitalized and severe dengue
In seropositive 9—16-year-olds up to 5 years after first injection

Hazard ratio/Relative risk of hospitalized and severe dengue

Vaccine Control Hazard ratio/

n (M) n (M) Relatiye risk

Olal
Hospitalized 58.8 137.7 0.14 0.31
(1502.9) (729.8)
0.16
(1502.9) (729.8)
0.01 0.1 1 10 100

*As per IDMC assessment. Hazard ratio/Relative risk of hospitalizelj%rYdosr(;@etr)éevirologically confirmed dengue in seropositive %Jaﬂx:%\énotgg'g%!jeg—lﬁ years old.
MI-MO estimate. n and M are averages from 10 iterations of multiple imputations with n representing the number of participants that were cases of symptomatic
VCD and M the total number of participants selected in the subcohort. Error bars: 95% confidence intervals.

IDMC, Independent Data Monitoring Committee; MI-MO, Multiple Imputation, Month 0.

L\
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Consistent reduction in the risk of hospitalized or severe dengue
In seropositive 9—16-year-olds up to 5 years after first injection

Hazard ratio/Relative risk of hospitalized and severe dengue

sugy  Veegne  Conto e )
CYD14  28.2(294.6) 525 (151.2) 0.17 M- 0.47
Hospitalized ~ CYD15  20.3(1146.9) 63.6 (546) 0.0 — M= 027
dengueé  cyppa/s7  10.3(614)  21.6 (32.6) 0.00 —BP— o
CYD14 5(294.6)  16.7 (151.2) 0.05 — 050
Severe CYD15 4 (1146.9) 14.7 (546) 0.03 e 0.45
dengue 0ss |
CYD23/57 2.2 (61.4) 2(326) 00— WPp——4®
0.01 0.1 1 10 100

Favorable Unfavorable

Relative risk of hospitalized and severe virologically confirmed dengue (VCD) in seropositive participants aged 9-16 years old. MI-MO estimate. n and M are

averages from 10 iterations of multiple imputations with n representing the number of participants that were cases of symptomatic VCD and M the total number
of participants selected in the subcohort. Error bars: 95% confidence intervals. MI-MO, Multiple Imputation, Month 0.
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High vaccine efficacy in seropositive individuals

Vaccine efficacy against symptomatic dengue for

seropositive individuals during 25-month Active Phase
Vaccine efficacy, %

Age Vaccine
(years) n (M)
9716 (114?412i.74)
=i (8(?;.9)
L (elsg;:;)
et (33:3)
A (f19§.24)

Control

n (M)
372.1
(697.3)
181
(386.1)
191.1
(311.2)
56.2
(51.3)
48.1
(58.2)

(95% CI)
76
64 m——il— G4
78
66 86
7 74
59 84
65
32 82
53
8 76
| | | | 1
0 20 40 60 80 100

Vaccine efficacy against symptomatic virologically confirmed dengue (VCD) up to Month 25 for seropositive participants according to age strata. Mi-ii0
estimate. n and M are averages from 10 iterations of multiple imputations with n representing the number of participants that were cases of symptomatic VCD
and M the total number of participants selected in the subcohort; estimates are from M0—M25. Cl, confidence interval; MI-MO, Multiple Imputation, Month 0.
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Consistent reduction in the risk of hospitalized or severe dengue
In seropositive 9—-16-year-olds up to 5 years after first injection,
by serotype

Relative risk of hospitalized or severe dengue

Serotype Vaccine Control Relative rls_k/
n (N) n (N) Hazard ratio
0.22
15.4 32.9 0.11 =—fl— 0.45
Serotype 1 (1495.6)  (708.1)
15.8 42.1 0.09 —OéS— 0.34
Serotype 2 (1495.6)  (708.1) | |
14.9 18.6 0.17 —0-38— 0.82
Serotype 3 (1495.6) (708.1)
3.6 21.1 0.01 0£7 0.38
SerOtype 4 (14956) (7081) | I 1 rrrrrrm 1 LI l.l LILL 1 rrrrrrm 1 rrrrirrn
0.01 0.1 1 10 100
Favorable Unfavorable

Relative risk of hospitalized and severe virologically confirmed dengue in seropositive participants aged 9-16 years old. MI-MO estimate. Error bars: 95%
confidence intervals.
MI-MO, Multiple Imputation, Month 0; n/N, number of symptomatic cases/total number of participants in cohort.

Sridhar S, et al. N Engl J Med 2018: In press & Supplementary appendix.
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Annual probability

Subseqguent infection increases the risk of severe dengue
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Risk of outcome according to antibody titer
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Open circles represent primary infections (i.e. with no detectable titer before exposure). Antibody titers measured by hemagglutination inhibition testing.
DHF, dengue hemorrhagic fever.
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WHO-SAGE recommendations on use of dengue vaccine 2018

®  The SAGE working group has acknowledged the public health role of the CYD-TDV vaccine and the strong
protective benefit in seropositive individuals for the subsequent dengue infection

®  In order to maximize the public health impact and minimize harm with dengue vaccination, SAGE has recommended
two main approaches:

Preferred approach Alternative approach

Pre-vaccination screening Population seroprevalence

»  Serological screening prior to vaccination *  Subnational or national mass vaccination

«  Dengue IgG ELISA could potentially be used for strategy in areas of high seroprevalence
screening * Population surveys to identify areas with high

«  Currently available Rapid Diagnostic Tests could seroprevalence where public impact is
be considered in high transmission settings maximized and harm minimized

«  Only confirmed dengue-seropositive persons * Mass vaccination in identified high
vaccinated seroprevalence areas without serological

screening

CYD-TDV, chimeric yellow fever 17D-tetravalent dengue vaccine; ELISA, enzyme-linked immunosorbent assay; SAGE, Strategic Advisory Group of Experts;
WHO, World Health Organization.

SAGE Working Group & WHO. Revision to the Background paper on dengue vaccines, 2018.
SANOFI PASTEUR g s



Summary and conclusions

Findings from the case-cohort study confirm the substantial benefit of CYD-TDV
vaccination in those aged 9 years or older and who are dengue seropositive!

Vaccination confers protection against hospitalized and severe dengue with
subsequent infection for more than 5 years?

Risk of hospitalized dengue and of severe dengue is reduced by ~80% in the
vaccine-indicated group of seropositive individuals aged 9 years or older?

The role of CYD-TDV in public health and the strong protective benefit in
seropositive individuals is acknowledged by WHO-SAGE?

Based on the evidence, SAGE has recommended two main dengue vaccination

approaches in endemic settings in order to maximize the public health impact and
minimize harm?

CYD-TDV, chimeric yellow fever 17D-tetravalent dengue vaccine; SAGE, Strategic Advisory Group of Experts; WHO, World Health Organization.

™S 1. Sridhar S, et al. N Engl J Med 2018: In press & Supplementary appendix.
SANOFI PASTEUR g

2. WHO, Revised SAGE recommendation on use of dengue vaccine, 2018.
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Clinical Trial Results

SANOFI| g Press Release

Source: Sanofi (EURONEXT: SAN) (NYSE: SNY)

Sanofi updates information on dengue vaccine

= New analysis of long-term Dengvaxia® data found differences in
vaccine performance based on prior dengue infection

= Company will ask regulators to update product label to reflect new
information

PARIS, FRANCE - November 29, 2017 — Sanofi will ask health
authorities to update information provided to physicians and patients
on its dengue vaccine Dengvaxia® in countries where it is approved.
The request is based on a new analysis of long-term clinical trial data,
which found differences in vaccine performance based on prior
dengue infection.

SANOFI PASTEUR g
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Updated Questions and Answers related to
information presented in the 8anofi Pasteur press
release on 30 November 2017 with regards to the
dengue vaccine Dengvaxia®

30th November 2017

This Q&A on dengue and Dengvaxia® has been updated with another Q&A
published on 22 December 2017 which can be found here

What is Dengvaxia®?

There continues to be a strong public health need for effective preventive
interventions against dengue, a disease caused by four viruses, termed serotypes 1-
4. One dengue vaccine has been licensed, Dengvaxia® (also referred to as CYD-
TOV), developed by Sanofi Pasteur. Dengvaxia® is a live recombinant tetravalent
dengue vaccine developed by Sanofi Pasteur, given as a 3-dose series on a 0/6/12
month schedule. Dengvaxia® is the first dengue vaccine to be licensed and has now
been approved by 19 regulatory authorities for use in endemic areas in persons
typically ranging from 9-45 (in some countries 9-60) years of age. It has been
intreduced in twe subnational programs in the Philippines and Brazil targeting about

http://www.who.int/immunization/diseases/dengue/q_and _a_dengue_vaccine dengvaxia/en/
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WHO GACVS - Safety Review
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Global Vaccine Safety

Global Vaceine Safety GACVS Statement on Dengvaxia ® (CYD-TDV) & = f ¥ o +
» Global Vaccine Safety Initiative December 7, 2017
The WHO Global Advisory Committee on Vaccine Safety has been following the
Global Advisory Committee on development of a tetravalent recombinant live dengue virus vaccine for the past 5
Vaccine Safety years 234 The most advanced product, CYD-TDV by Sanofi-Pasteur (Dengvaxia®) Hebxredlinks
is a yellow fever vaccine virus backbone vector that expresses envelope proteins of
dengue viruses type 1 1o 4 yellow fever vaccine virus genetic backbones. During
early clinical trials no serous vaccine-related events had been documented among
the recipients, and no excess cases of dengue fever or severe dengue attributable to
the vaccine had been observed. Subsequent large scale phase 3 trials, CYD14 in
Asia (among subjects aged 2 to 14 years) and CYD15 in Latin America (among
subjects aged 9 to 16 years) were conducted in over 20,000 vaccine recipients and
10,000 control subjects and demonstrated partial efficacy of the vaccine.

Topics Media statement

Committee reports

Reference documents and
publications

Dengvaxia has received its
first marketing authorizations
in late 2015 and is currently
available in several Asian and
Latin American countries.
This statement briefly reviews
the experience presented to
GACWS during clinical trial
development (with now over
5 years of follow up), and
discusses new evidence
presented to WHO during the
December 2017 GACVS
meeting. This new data is based on re-analysis of clinical trial data using a new test
that retrospectively distinguished subjects with and without prior exposure to wild
dengue virus

M
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Reconvened SAGE Working Group on Dengue
Vaccines and Vaccination (established December
2017)

Terms of Reference

@ =& f 9w & 4+

The reconvened Dengue Working Group is asked to review new data on the long-
term follow-up of dengue vaccine recipients. This includes data generated by further
|aboratery testing and analysis related to the long-term safety and efficacy of CYD-
TOVW Phase 3 trial participants. In particular, the group is asked to review the
differential performance of the CYD-TDV vaccine (also known as Dengvaxia®) in
subjects seronegative versus seropositive at the time of vaccination. The group is
asked to advise on a revision of WHO's current vaccine recommendations as
published in July 2016. The review at SAGE is tentatively scheduled for April 2018.
This will lead to the publication of an amended WHO position paper on the use of a
dengue vaccine, which will replace the interim recommendation issued by WHO on
22 Dec 2017 (WHO interim position on the use of Dengvaxia®)

WHO interim position on the use of Dengvaxia®
The Working Group will specifically be asked to review data relating to:

« the long-term safety, efficacy, immunogenicity profile and benefitinisk assessment
of Dengvaxia stratified by serostatus

http://www.who.int/immunization/policy/sage/sage
_wg_dengue_reconvened_dec2017/en/



Guidance for the clinical evaluation of dengue vaccines candidates

2002 / 2008 / 2018

Guidelines for the

clinical evaluation of
dengue vaccines
in endemic areas

Vaccine xxx [2018) Kxx-xXxx

Contents lists available at ScienceDirect =
Vac cine

Vaccine *
journal homepage: www.elsevier.com/locate/vaccine f

WHO Report

Clinical development and regulatory points for consideration for
second-generation live attenuated dengue vaccines
Kirsten S. Vannice *', Annelies Wilder-Smith *™', Alan D.T. Barrett “', Kalinka Carrijo ', Marco Cavaleri®’,

Aravinda de Silva®', Anna P. Durbin ®', Tim Endy ™', Eva Harris "', Bruce L. Innis*', Leah C. Katzelnick"',
Peter G. Smith ', Wellington Sun ', Stephen ]. Thomas ™', Joachim Hombach *'*

https://doi.org/10.1016/j.vaccine.2018.02.062
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Comment on the clinical evaluation of dengue vaccines candidates

Personal View I

The dynamic role of dengue cross-reactive immunity:
changing the approach to defining vaccine safety and efficacy
Kathryn B Anderson, Trmaothy PEndy, Stephen | Thomas

Dengue virus infections cause a substantial public health burden in tropical and subtropical regions. A single dengue
vaccine has been approved by regulatory authorities in 19 countries, but concerns regarding vaccine safety in people
who are dengue naive at the time of immunisation has introduced uncertainty into the vaccne's future. As other
dengue vaccines complete or enter large-scale efficacy trials, we argue that foundational work by Sabin, historic
epidemiological observations of dengue outbreaks, and prospective cohort studies in Asia and the Americas indicate
that modifications must be made to the methods of assessing dengue vaccines. In this Personal View, we review and
relate previous data that supports a dynamic role of cross-protective dengue immunity to the goals and challenges of
measuring and interpreting dengue vaccine immunogenicity, efficacy, and safety in clinical trials. We suggest that for
partly protective vaccines, temporary cross-protective immunity could lead to overestimation of vaccine safety and
efficacy in the early years following vaccination. We recommend that assessment of dengue vaccines should span
several years, involve active surveillance to clinically characterise incident infections and regular blood draws to define
kinetic changes in immunological profiles, and include sample sizes that are large enough to support detailed
analyses of vaccine trial subgroups, such as individuals who are dengue naive.

Introduction

Dengue causes a substantial global public health burden,
with endemic transmission across tropical and sub-
tropical regions.! Dengue virus infections are also a

virus type. The primary efficacy endpoint was determined
13 months after administration of a third dose of
vaccine® A subsequent multiyear analysis identified a
potential safety issue in a subgroup of 2-5yearold
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20 April 2018
Summary report for the SAGE meeting of April 2018

— ¥ Meeting summary

3 pdf, 234kb
SAGE news Summary report for the Summary report for the
SAGE meeting of April SAGE meeting of October
2018 2017

The Strategic Advisory Group of Experts (SAGE) on Immunization was established

Following the conclusion of the SAGE meeting for April 2018, a
meeting summary is now available.

SAGE meeting of April
2017 - conclusions and
recommendations

http://www.who.int/immunization/policy/sage/en/
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Meeting of the Strategic
Advisory Group of Experts
on immunization, April

2018 - conclusions and
recommendations

The Strategic Advisory Group of Experts
(SAGE) on immunization' met on
17-18% April 2018. This report summarizes
the discussions, conclhusions and recom-
mendations.*

Report from the WHO Department

of Immunization, Vaccines and
Biologicals and Regional updates
‘The report from the Director of the WHO
programme focused on the theme "Immm-
nization in & changing world" In line with
WHO's mission to keep the world safe,
promote health and serve the vulnerable,

Weekly epidemiological record
Relevé épidémiologique hebdomadaire

8 JUNE 2018, 93th YEAR / & JUIN 2008, 93° ANNEE

Réunion du Groupe
stratégique consultatif
d'experts sur la vaccination,
avril 2018 - conclusions

et recommandations

Le Groupe stratégigue consultatif dexperts
{SAGE) sur la vaccination® s'est réuni les 17 et
18 avril 2018. Le présent rapport résume les
disoussions, concdusions et recommandations
auxquelles il est parvenw?

Rappert du Département Vaccination,
vaccins et produits biologiques

de I'OMS et bilans régionaux

Le directenr du programme Vaccination,
vaccins et produits biclogigues de I'OMS a
présenté un rapport axé sar le théme «Vacci-
nation dans un monde en évolution=. I a
observé que la waccination contribue de
maniére importante aux 3 objectifs de la
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Summary

* The development of a vaccine candidate is carried out within an established ecosystem to
assure a safe and effective vaccine of assured quality is licensed and appropriately
implemented.

The ecosystem includes: Clinical Trial Evaluation, Regulatory Review, Programmatic

Policy Making, Program Planning and Implementation, and Program and Impact
Monitoring and Evaluation

The process includes scientific, clinical, regulatory, policy and program expert
consultations at the global, regional, and national/sub-national levels.

* The challenge that remains is to assure that populations which can benefit have access to
the licensed vaccine, while minimizing individual risk.
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