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[bookmark: _Toc375119703]I. Introduction to product submission
[bookmark: _Toc247691502][bookmark: _Toc314842483][bookmark: _Toc375119704]Submission details
	Type of submission:
	New Chemical Entity 

	Decision:
	Approved 

	Date of decision:
	22 August 2013

	Active ingredients:
	Purified capsular polysaccharides of Neisseria meningitidis types A, C, W-135 and Y, each conjugated to tetanus toxoid carrier protein

	Product name:
	Nimenrix

	Sponsor’s name and address:
	GlaxoSmithKline Australia Pty Ltd
Level 4, 436 Johnston Street
Abbotsford  VIC  3067

	Dose form:
	Powder (vaccine) and diluent 

	Strengths:
	Meningococcal polysaccharide Group A: 5 µg 
Meningococcal polysaccharide Group C: 5 µg
Meningococcal polysaccharide Group W-135: 5 µg
Meningococcal polysaccharide Group Y: 5 µg
Tetanus toxoid: 44 µg 

	Containers:
	Vial (vaccine) and prefilled syringe (diluent);
Vial (vaccine) and ampoule (diluent) 

	Pack sizes:
	1 and 10 

	Approved therapeutic use:
	Nimenrix is indicated for active immunisation of individuals from the age of 12 months through 55 years against invasive meningococcal diseases caused by Neisseria meningitidis serogroups A, C, W-135 and Y.

	Route of administration:
	Intramuscular injection

	Dosage (abbreviated):
	Primary vaccination: 0.5 mL of reconstituted vaccine.
Booster vaccination: Nimenrix may be given in subjects who have previously been vaccinated with a plain polysaccharide meningococcal vaccine. The need for a booster dose in subjects primed with Nimenrix has not been established.

	ARTG numbers:
	199471, 199472


[bookmark: _Toc247691503][bookmark: _Toc314842484][bookmark: _Toc375119705]Product background
Neisseria meningitidis (meningococcus), a gram-negative diplococcus bacterium, is the most common cause of bacterial meningitis worldwide with approximately 1.2 million cases per year and 135,000 deaths. The organism has generated meningitis epidemic outbreaks. Other serious sequelae include extra-central nervous system disease including sepsis due to meningococcemia with associated renal failure, shock syndromes and impaired blood supply to vital organs and the periphery. Morbidity from the disease can be devastating. 
This AusPAR describes the application by GlaxoSmithKline (GSK) Australia Pty Ltd (the sponsor) to register a new meningococcal vaccine, Nimenrix, for the following indication: 
active immunisation against invasive meningococcal disease caused by Neisseria meningitidis serogroups A, C, W-135 and Y in individuals 1-55 years of age. 
Nimenrix is a quadrivalent vaccine composed of purified capsular polysaccharides of Neisseria meningitidis (N. meningitidis) serogroups A, C, W-135 and Y, each conjugated to tetanus toxoid (TT) carrier protein. The vaccine (also called MenACWY-TT in this AusPAR) is to be administered intramuscularly (IM) as a single 0.5 mL dose for primary vaccination in all age groups. It is also proposed for booster vaccination (one 0.5 mL IM dose) in subjects who have previously been vaccinated with a plain (that is, non-conjugated) polysaccharide meningococcal vaccine. This application does not seek approval of Nimenrix as a booster in those primed with Nimenrix or another conjugated meningococcal vaccine.
[bookmark: _Toc314842485][bookmark: _Toc247691504][bookmark: _Toc375119706]Regulatory status
The product received initial registration on the Australian Register of Therapeutic Goods (ARTG) on 29th August 2013.
At the time this application was considered by the TGA, a similar application had been approved in the European Union (April 2012), Canada (March 2013), Chile (December 2012) and Kuwait (June 2013) and was under consideration in 27 additional countries. 
[bookmark: _Toc247691505][bookmark: _Toc314842486][bookmark: _Toc375119707]Product Information
[bookmark: _Toc247691506][bookmark: _Toc314842487]The approved Product Information (PI) current at the time this AusPAR was prepared can be found as Attachment 1.
[bookmark: _Toc375119708]II. Quality findings
[bookmark: _Toc247691507][bookmark: _Toc314842488][bookmark: _Toc375119709]Drug substance (active ingredient)
The proposed vaccine consists of purified capsular polysaccharides (PS) of N. meningitidis types A, C, W-135 and Y, each conjugated to tetanus toxoid (TT).
The purified capsular PS of N. meningitidis groups A and C (MenA and MenC, respectively) are each coupled to TT carrier protein by use of an adipic acid dihydrazide (AH) spacer molecule. The purified capsular PS of N. meningitidis groups W-135 and Y (MenW and MenY, respectively) are coupled directly to TT carrier protein without the need of a spacer molecule.
The capsular PS antigen components of the drug substances are the same as those in the registered meningococcal A, C, W-135 and Y conjugate vaccines Menveo and Menactra. However, the carrier protein components in Menveo and Menactra differ from each other and from Nimenrix. 
Manufacture
There are three distinct steps in the production of the drug substances:
Production of bulk meningococcal PS
Production of TT
Conjugation of PS to TT
The manufacturing processes of bulk Men PS (MenA, MenC, MenW, MenY) are identical to those used for a registered meningococcal vaccine. The manufacturing process of TT bulk is identical to the one described for 2 other registered vaccines and complies with World Health Organization (WHO) and European Pharmacopoeial (Ph. Eur) requirements.
The manufacturing processes of Men-TT conjugates are similar to those used for another registered vaccine. The process for production of the MenPS-TT conjugates MenA(AH)TT and MenC(AH)-TT consists of 5 main steps. The process is similar for the other two conjugates except for the omission of the spacer addition steps. 
Cell banking processes are satisfactory. All viral/prion safety issues have been addressed, including use of animal-derived excipients, supplements in the fermentation process and in cell banking.
Each drug substance is a high molecular weight conjugate made of a purified TT and a PS (derivatised in the case of polysaccharide A and polysaccharide C). The conjugates are immunogenic in mice and in humans.
Specifications
The same set of nine tests is applied to all four Men-TT conjugates. Some specifications differ between the conjugates and the method for determining total and free PS content is also different for different conjugates. Appropriate test methodology and validation data have been submitted in support of the test procedures.  
Specifications applied to the PS-TT active ingredient have been established using information from the testing of development batches and good manufacturing principles (GMP) batches. The limits proposed in the WHO guideline Recommendations for the production and control of meningococcal A conjugate vaccines (WHO/BS/06.2041) and the Ph. Eur. guideline for Meningococcal group C conjugate vaccine (Ph. Eur 2112) were also taken into consideration. 
Specifications are to be applied to the PS-TT conjugate bulks: purified MenA(AH)-TT bulks, purified MenC(AH)-TT bulks, purified MenW-TT bulks and purified MenY-TT bulks.
Stability data have been generated under real time conditions to characterise the stability profiles of the drug substances (conjugates) and to establish a shelf life for each one. The submitted real time data support the above proposed storage periods.
[bookmark: _Toc247691508][bookmark: _Toc314842490][bookmark: _Toc375119710]Drug product
Formulation
Nimenrix is a non-adsorbed freeze-dried preparation presented as monodose vials to be reconstituted with a diluent (saline solution). The diluent is presented in glass ampoules or in glass syringes, both as monodoses. The final reconstituted vaccine is preservative free.  
The lyophilised single dose Nimenrix final container is a 3 mL glass vial. Vials are closed with bromobutyl rubber closures suitable for lyophilisation and aluminium flip-off caps, identical to the container closure system used for all GSK Biologicals vial presentations for lyophilised vaccines. 
The diluent drug product (to be supplied in either syringe or ampoule) is a 0.9% sodium chloride solution. Sodium chloride and water for injections comply with relevant Ph. Eur monographs. Both presentations will be supplied in packs of 1s and 10s.
Manufacture
The vaccine drug product is manufactured by the aseptic mixing of sterile solutions of buffer with water for injection and the subsequent aseptic addition and mixing of appropriate amount of MenA(AH)-TT, MenC(AH)-TT, MenW-TT and MenY-TT conjugate bulks. The final bulk is aseptically filled into vials and subsequently lyophilised. After lyophilisation the vials are stoppered and capped. The 0.9% NaCl diluent is terminally sterilised after filling into ampoules or syringes.
Specifications
The proposed specifications control identity, potency, purity, dose delivery and other physical, chemical and microbiological properties relevant to the clinical use of the product. Currently, there is no official guidance (such as a Pharmacopoeial monograph) for a combined tetravalent meningococcal conjugate vaccine. However, the following guidelines for monovalent meningococcal conjugate vaccines have been taken into consideration in setting the specifications:
WHO guideline Recommendations for the production and control of meningococcal C conjugate vaccines (Adopted 2001, TRS 924)
Ph. Eur monograph for Meningococcal group C conjugate vaccine (Ph.Eur.2112),
WHO guideline Recommendations to assure the quality, safety and efficacy of group A meningococcal conjugate vaccines (WHO BS/06.2041).
Stability data have been generated under stressed and real time conditions to characterise the stability profile of the product.
A shelf life of 36 months at +2° to +8°C is proposed for Nimenrix final container lyophilised vaccine. The Product Information recommends that the vaccine should be stored in the carton to protect from light. Data generated in the stability program support the proposed shelf-life. Stability of the NaCl diluent (may be refrigerated or stored at ambient temperatures, but must not be frozen) is established.
[bookmark: _Toc314842491][bookmark: _Toc375119711]Biopharmaceutics
Biopharmaceutic data are not required for this product because it is a vaccine.
[bookmark: _Toc314842492][bookmark: _Toc375119712]Advisory committee considerations
The application was considered at the 150th meeting of the Pharmaceutical subcommittee (PSC) of the Advisory Committee on Prescription Medicines (ACPM) and the following recommendation was made:
The PSC endorsed all the questions raised by the TGA in relation to the quality and pharmaceutic aspects of the submission. 
The PSC reiterated its objection of the sponsor’s continued use of sterile formulation and sterile handling for their sterile products instead of using the accepted principle of a final sterile filtration into the filling tank.
The PSC advised that the sponsor’s practise of using previously accepted registration practices as precedence for subsequent submissions was unacceptable. The TGA should perhaps make a final sterile filtration a condition of registration as this constitutes a generally accepted good manufacturing practice that enhances the concept of Quality Assurance.   
There was no requirement for this submission to be reviewed again by the PSC before it is presented for consideration by the ACPM.
The company responded to points 2 and 3 of the recommendation. The response is considered to be a satisfactory justification. Other matters raised with the sponsor have also been resolved. There are no outstanding quality (Module 3) issues.
[bookmark: _Toc247691509][bookmark: _Toc314842493][bookmark: _Toc375119713]Quality summary and conclusions
The administrative, product usage, chemical, pharmaceutical, microbiological data submitted in support of this application have been evaluated in accordance with the Australian legislation, pharmacopoeial standards and relevant technical guidelines adopted by the TGA. Evaluation of the quality aspects included evaluation of genetic development, manufacturing characterisation and stability, endotoxin safety viral/transmissible spongiform encephalopathy safety, container safety, sterility and labelling.
There are no outstanding quality (Module 3) issues. The Module 3 evaluators recommend that:
Nimenrix meningococcal (Groups A, C, Y, W-135) polysaccharide tetanus toxoid conjugate vaccine injection vial plus diluent syringe 
and
Nimenrix meningococcal (Groups A, C, Y, W-135) polysaccharide tetanus toxoid conjugate vaccine injection vial plus diluent ampoule 
should be approved. 
If approved, conditions of registration[footnoteRef:1] must include conditions regarding batch release testing and certified product details. [1:  Specific details of recommended conditions of registration are beyond the scope of the AusPAR. ] 

[bookmark: _Toc196046439][bookmark: _Toc247691510][bookmark: _Toc314842494][bookmark: _Toc375119714]III. Nonclinical findings
[bookmark: _Toc247691511][bookmark: _Toc314842495][bookmark: _Toc375119715]Introduction
In support of this application, the sponsor has submitted 2 volumes for nonclinical (Module 4) data consisting of the following studies:
Primary pharmacology: 9 studies (4 in mice; 5 in rabbits);
Safety pharmacology: 1 study (in rats);
Single dose toxicity/local tolerance: 1 study (in rabbits);
Repeat dose toxicity: 1 study (in rabbits);
Reproductive and developmental toxicity: 1 study (in rats);
Other toxicity: 5 studies (2 in rats; 1 in guinea pigs; 1 in bacterial strains; 1 in cell lines).
The Module 4 package submitted by the sponsor has provided adequate information to support the application for the registration of a new vaccine. The nonclinical studies were in general accordance with the WHO[footnoteRef:2] and European Medicines Agency (EMA) guidelines.[footnoteRef:3] [2:  WHO Guidelines on Nonclinical Evaluation of Vaccines]  [3:  EMEA/CPMP Note for Guidance on Preclinical Pharmacological and Toxicological testing for Vaccines (CPMP/SWP/465/95)] 

[bookmark: _Toc247691512][bookmark: _Toc314842496][bookmark: _Toc375119716]Pharmacology
Primary pharmacology
There is currently a lack of animal models of infection with Neisseria, a human pathogen. As a consequence of the relatively low incidence of the disease and tendency for outbreaks to occur sporadically, efficacy cannot be accessed directly in clinical trials, therefore, serum bactericidal activity and immunogenicity studies in mice and rabbits using meningococcal conjugates, as well as the final combined MenACWY-TT, were used as surrogates of efficacy. 
Appropriate group sizes of animals (mice and rabbits) were used for each study submitted. The route of administration for the mice was subcutaneous (SC), with the rabbits administered the dose IM which was the suggested clinical route of administration. The mice were administered one tenth of the human dose and the rabbits administered the full human dose. The immunogenicity studies were conducted in both mice and rabbits using meningococcal conjugates (PS conjugated to TT), as well as the final combined MenACWY-TT formulation. 
In mice, the conjugates and candidate vaccine significantly induced the production of bactericidal antibodies against capsular PS of serogroups A, C, W-135 and Y in comparison to plain (non conjugated) PS. The addition of an AH spacer to the MenA and MenC PS before conjugation to TT increased the immunogenicity to these conjugates compared to conjugates without spacer. The addition of AH spacer to MenA and MenC had no impact on the immunogenicity of MenW and MenY conjugates in the final MenACWY‑TT vaccine formulation. It was stated (sponsor’s nonclinical overview) that the mouse studies were the basis for the selection of different formulations for clinical studies. 
Secondary pharmacology
There were no secondary pharmacodynamic studies submitted, consistent with the EMA guidelines for vaccines.
Safety pharmacology
The safety pharmacology of MenACWY-TT candidate vaccine was evaluated in anaesthetised male rats. The vaccine was administered in 220 g rats (0.1 mL/injection; 0.4545 mL/kg) both via intravenous (IV) and IM routes at doses approximately 63‑fold higher than the intended clinical dose relative to body weight based on a 70 kg adult human (0.5 mL/injection; 0.0071 mL/kg) and about 9-fold higher for 12 month old human infant weighing 10 kg (0.5 mL/injection; 0.05 mL/kg). Various parameters were recorded throughout the study and found that the MenACWY-TT candidate vaccine produced no biologically significant effects on the cardiovascular and respiratory parameters recorded.
[bookmark: _Toc247691513][bookmark: _Toc314842497][bookmark: _Toc375119717]Pharmacokinetics
No data. Not required.
[bookmark: _Toc247691514][bookmark: _Toc314842498][bookmark: _Toc375119718]Toxicology
[bookmark: _Toc294861727]Single dose toxicity: adult rabbits
A single dose toxicity study was submitted investigating the effect of MenACWY-TT candidate vaccine on local reactogenicity in adult rabbits. The vaccine was administered IM, which is the suggested clinical route of administration, with treatments equivalent to the full human dose (0.5 mL/injection; 0.2272 mL/kg based on a 2.2 kg rabbit). The doses administered to rabbits for this study were approximately 32‑fold higher than the intended clinical dose relative to body weight based on a 70 kg adult human (0.5 mL/injection; 0.0071 mL/kg) and about 4.5-fold higher than for a 12 month old human infant weighing 10 kg (0.5 mL/injection; 0.05 mL/kg). A minimum number of animals per sex per group (3 animals) for each treatment were used for this study, which is a satisfactory number for the intended investigation. Results showed no treatment related clinical signs, body weight changes or local reactions at the injection site. Therefore, there was no acute or local toxicity of the candidate vaccine via the clinical route.
[bookmark: _Toc294861728]Repeat dose toxicity: adult rabbits
The sponsor submitted a Good Laboratory Practice (GLP)-compliant repeat dose toxicity study examining the local and general toxicity and reactogenicity of the MenACWY-TT candidate vaccine following 5 fortnightly injections in adult rabbits. Animals were injected IM, which is the intended clinical route of administration, with the full human dose (0.5 mL/injection; 0.2174 mL/kg based on a 2.3 kg rabbit). The doses for this study were approximately 30‑fold higher than the intended clinical dose relative to body weight based on a 70 kg adult human (0.5 mL/injection; 0.0071 mL/kg) and about 4.3-fold higher than that for 12 month old human infant weighing 10 kg (0.5 mL/injection; 0.05 mL/kg). 
The study used an adequate number of animals (5 per sex per treatment group) and was of sufficient duration with animals sacrificed either 3 or 28 days after the 5th vaccine dose. Clinical observations were recorded (injection site examined 3, 24 and 48 h after dose administration) and compared to the control group. The study was in accordance with the relevant WHO and EMA guidelines. 
Very slight to slight inflammation was revealed at the injection site after microscopic examination post 5th dose but was found to be reversible after 28 days post‑dose. Study results found no distinct treatment-related changes in general and local clinical signs, ophthalmology, body weight, food intake, rectal body temperature, haematology, blood chemistry and organ weights. 
Overall, the study showed that 5 fortnightly IM doses of MenACWY-TT candidate vaccine with a 28 day observation period produced only very slight to slight inflammation at the injection site that was reversible after 28 days. 
Reproductive toxicity
Since Nimenrix is proposed to be used for the active immunisation of individuals from the age of 12 months through to 55 years against meningococcal disease, a reproductive toxicity study was submitted that examine the effects of the final MenACWY‑TT vaccine formulation on immune responses in pregnant female rats, female fertility, embryo-fetal development, and pre- and post-natal development. Appropriate group sizes of animals (48 female rats per treatment group) were used for the study. Female Wistar rats were inoculated IM pre-mating, throughout gestation and lactation with either MenACWY‑TT (200 µL dose) or saline, with half the females from each treatment group sacrificed on gestation day (GD) 21 and necropsied. The remainder of the females were allowed to litter and raise pups until weaning prior to sacrifice and examination. The study complied with EMA Note for Guidance on Preclinical Pharmacological and Toxicological Testing of Vaccines (CPMP/SWP/465/95). The dams and their offspring were exposed to circulating anti-capsular PS of N. meningitidis serogroup C antibodies during gestation and lactation. There were no observed treatment-related effects from MenACWY‑TT candidate vaccine administration on maternal parameters or pre- and post-natal development in rats. 
Pregnancy classification
The proposed use in Pregnancy Category B2[footnoteRef:4] is considered appropriate for this product. There was only one reproductive and developmental animal study submitted but the EMA guidelines do not specifically require two species for developmental toxicity studies for vaccines. The data from this single study showed no evidence of an increased occurrence of fetal damage. [4:  Use in pregnancy Category B2 is defined as: Drugs which have been taken by only a limited number of pregnant women and women of childbearing age, without an increase in the frequency of malformation or other direct or indirect harmful effects on the human fetus having been observed.
Studies in animals are inadequate or may be lacking, but available data show no evidence of an increased occurrence of fetal damage.] 

Paediatric use
The vaccine is proposed for use in children from 12 months of age however no toxicity studies were conducted in infant animals. In the single dose toxicity study, in both male and female adult rabbits, the vaccine was administered IM with treatments equivalent to the full human dose (0.5 mL/injection; 0.2272 mL/kg based on a 2.2 kg rabbit). This dosage was about 4.5-fold higher than for a 12 month old human infant weighing 10 kg (0.5 mL/injection; 0.05 mL/kg). The repeat dose toxicity study administered the full human IM dose (0.5 ml/injection; 0.2174 mL/kg based on a 2.3 kg rabbit) which is approximately 4.3-fold higher than for a 12 month old infant. The dose multiple in both studies was sufficient, 4.3 to 4.5-fold higher in rabbits, to cover the toxicological effects in a 12 month old human infant. 
[bookmark: _Toc355187693][bookmark: _Toc295290868]Other toxicity studies: residuals
Results from submitted nonclinical studies indicate that levels of two specific residuals in the final vaccine formulation present no toxicological hazard to vaccinated subjects. 
[bookmark: _Toc355187694]Comments on the safety specification of the risk management plan
There have been no nonclinical safety concerns that have been identified in the assessment of MenACWY‑TT vaccine. The nonclinical Safety Specification of the Risk Management Plan was generally consistent with those of the nonclinical evaluator.
[bookmark: _Toc247691515][bookmark: _Toc314842499][bookmark: _Toc375119719]Nonclinical summary and conclusions
The nonclinical data submitted by the sponsor included immunogenicity studies conducted in mice and rabbits using meningococcal conjugates, with and without spacer, as well as the final MenACWY-TT formulation. The nonclinical studies submitted led to the selection of the dose of PS and conjugation methodologies of the MenACWY-TT vaccine for clinical use. 
In primary pharmacology studies the route of administration for mice was SC (one tenth of the human dose) and IM for rabbits (the clinical route of administration and the full human dose was administered). 
Efficacy was not tested directly due to the lack of animal models of infection for Neisseria, a human-specific pathogen. Therefore, bactericidal activity was used as a surrogate. Immunogenicity studies in mice and rabbits using meningococcal conjugates, as well as the final combined MenACWY-TT formulation significantly induced the production of bactericidal antibodies against capsular PS of serogroups A, C, W-135 and Y in comparison to non‑conjugated PS. The results suggest that meningococcal conjugate vaccines change the nature of the immune response to the capsular PS from T-cell independent to T-cell dependent memory response and therefore increase the immunogenicity of the vaccine. 
The addition of the AH spacer to the MenA and MenC PS before their conjugation to TT increased the immunogenicity of these conjugates compared to conjugates without spacer. The addition of AH spacer to MenA and MenC conjugates had no impact on the immunogenicity of MenW and MenY conjugates in the final MenACWY‑TT vaccine formulation.
Safety pharmacology was evaluated in anaesthetised male rats (IV and IM routes) at doses approximately 63‑fold higher than the intended clinical dose relative to body weight. Results found that the MenACWY-TT candidate vaccine at the high dose used produced no biologically significant effects on the cardiovascular and respiratory parameters recorded.
A single dose toxicity study evaluated local reactogenicity in rabbits administered IM, with treatments equivalent to the full human dose. The study found no treatment related clinical signs, body weight or local reaction at the injection site.
Repeat dose toxicity study examined local and general toxicity and reactogenicity of the MenACWY-TT candidate vaccine following 5 IM fortnightly injections equivalent to the intended, full human dose (0.5 mL per injection containing 5 µg each of PS type MenA‑TT (with AH spacer), MenC‑TT (with AH spacer), MenW‑135‑TT and MenY‑TT) in rabbits with animals sacrificed either 3 or 28 days after the 5th vaccine dose
No distinct treatment-related changes were found in general and local clinical signs, ophthalmology, body weight, food intake, rectal body temperature, haematology, blood chemistry and organ weights. Very slight to slight inflammation at the injection site was observed but cleared 28 days after the final dose.
A reproductive toxicity study examined the effects of the final MenACWY‑TT vaccine formulation (full human dose) administered IM on immune responses in pregnant female rats, fertility, embryo-fetal development and pre- and post-natal development. Female Wistar rats were inoculated pre-mating, throughout gestation and lactation, with half the females from each treatment group sacrificed on GD21 and the remainder allowed to litter and raise pups until weaning prior to sacrifice and examination.
The dams and their offspring were exposed to circulating anti-PSC antibodies during gestation and lactation. No treatment-related effects from MenACWY‑TT candidate vaccine administration was observed on maternal parameters orpre- and post-natal development.
The sponsor also submitted multiple studies investigating the effects of residual substances in the proposed MenACWY‑TT vaccine. The results from these nonclinical studies indicate that the substances present no hazard to vaccinated subjects. 
[bookmark: _Toc355187688][bookmark: _Toc295290862][bookmark: _Toc294861479]Recommendation
There are no nonclinical objections to registration.
Recommended revisions to nonclinical statements in the proposed PI are beyond the scope of the AusPAR. 
[bookmark: _Toc196046462][bookmark: _Toc247691516][bookmark: _Toc314842500][bookmark: _Toc163441353][bookmark: _Toc163441348][bookmark: _Toc375119720]IV. Clinical findings
[bookmark: _Toc196046463]A summary of the clinical findings is presented in this section. Further details of these clinical findings can be found in Attachment 2.
[bookmark: _Toc247691517][bookmark: _Toc314842501][bookmark: _Toc375119721]Introduction
Polysaccharide vaccines have been available for serogroups A, C, W-135 and Y for many years; however, these have poorer immunogenicity in terms of inducing adequate (for protection) and sustained immunity (immune memory) for protection against disease particularly in young children. Conjugate vaccines can overcome some of these limitations. Effective conjugate vaccines have been successful in preventing meningitis and other invasive bacterial infections caused by encapsulated bacteria such as Haemophilus influenzae type b (Hib) and Streptococcus pneumoniae. 
Nimenrix, a quadrivalent meningococcal ACWY-TT conjugate vaccine, is composed of purified capsular PS of N. meningitidis A, C, W and Y, with each serogroup conjugated to the TT. The proposed indication for the MenACWY-TT vaccine is active immunisation against invasive meningococcal disease caused by N. meningitidis serogroups A, C, W-135 and Y in individuals 1-55 years of age. The vaccine is to be administered intramuscularly (IM) as a one-dose vaccination schedule in all age groups.
Nimenrix is proposed for primary vaccination and as a booster vaccination in subjects who have previously been vaccinated with a plain (that is, non conjugate) PS meningococcal vaccine. This application does not seek approval of Nimenrix as a booster in those primed with Nimenrix or another conjugate meningococcal vaccine.
[bookmark: _Toc372213228]Scope of the clinical dossier
The clinical dossier documented a full clinical development programme in all age groups for planned use of this vaccine, in terms of pharmacology, efficacy (immune persistence) and safety. The individual studies are summarised below:
Phase II studies providing data for the selection of MenACWY-TT vaccine formulation (N=2)
Study MenACWY-TT-012 in adolescents (Denmark)
Study MenACWY-TT-013  in toddlers and children (Austria, Germany)
Phase II studies in adolescents and adults (N=1)
Study MenACWY-TT-015 in adolescents and adults (The Philippines, Saudi Arabia)
Phase II studies in children, adolescents and adults (N=2)
Study MenACWY-TT-052 in children, adolescents and adults (US)
1. Study MenACWY-TT-071 in children, adolescents and adults (US, Canada)
Phase II studies in toddlers and children (N=2)
Study MenACWY-TT-027 in toddlers and children (Finland)
Study MenACWY-TT-055 in toddlers (US)
Phase II persistence studies in adolescents and adults (N=6)
Study MenACWY-TT-016 EXT-015 Y1& Y2 in adolescents and adults (Philippines, Saudi Arabia)
1. Study MenACWY-TT-024 EXT-012 M18 & M30 & M42 in adolescents and adults (Denmark)
Study MenACWY-TT-059 EXT-052 Y1 in adolescents and adults (US) 
Phase II persistence studies in toddlers and children (N=5)
Study MenACWY-TT-014 BST-013 in toddlers and children (Austria, Germany) 
Study MenACWY-TT-028 EXT-027 Y1 & Y2 & Y3 in toddlers and children (Finland) 
Study MenACWY-TT-062 EXT 055 Y1 in toddlers (US).
Phase III efficacy vaccination studies: Studies providing efficacy and safety data for adolescents and adults (N=4)
Study MenACWY-TT-035 (Lebanon, the Philippines)
Study MenACWY-TT-036 (India, the Philippines, Taiwan) 
1. Study MenACWY-TT-037 (Denmark, Sweden)  
Study MenACWY-TT-093 (The Philippines, Thailand, Panama)
Phase III efficacy vaccination studies: Studies providing efficacy and safety data for children (N=2) 
Study MenACWY-TT-038 (India, Lebanon, the Philippines, Saudi Arabia)
1. Study MenACWY-TT-081 (France, Germany) 
Phase III efficacy vaccination studies: Studies providing efficacy and safety data for toddlers (N=3)
Study MenACWY-TT-039 (Finland) 
1. Study MenACWY-TT-040 (Austria, Germany, Greece)
Study MenACWY-TT-080 (Mexico, Taiwan) 
Phase III persistence studies (N=2)
Study MenACWY-TT-043 EXT- 036 Y2 in adolescents (India and the Philippines)
1. Study MenACWY-TT-048 EXT-039 Y2 in toddlers (Finland)
Booster study in those already primed with a prior plain meningococcal vaccine (N=1): 
Study MenACWY-TT-021 (Lebanon): 
Supportive study: 
Study 10PN-PD-DIT-014 (Czech Republic) 
In addition, the dossier included an Integrated Summary of Efficacy (immunogenicity), Integrated Summary of Safety; Clinical Overview, Summary of Clinical Efficacy, Summary of Clinical Safety and literature references.
Paediatric data
The submission included paediatric pharmacodynamic/efficacy (immune persistence)/safety data, including safety data pertaining to the administration of this vaccine concurrently with other childhood vaccines both conjugate and non-conjugate, live-attenuated and killed (toxoid components).
Good clinical practice
All studies described in this application were carried out by experienced investigators and conducted in accordance with good clinical practice (GCP) guidelines. The protocols complied with the 1996 version of the Declaration of Helsinki and with the GCP guidelines in use at the study outset. Each study was reviewed and approved by an ethical review committee (ERC). However, GCP deficiencies in the informed consent (IC) process and the review of diary card data were identified at one site in study MenACWY-TT-036 (Centre 36963, located in the Philippines; enrolled 392 of 1025 participants). The result of a supplementary analysis show that the safety/immunogenicity conclusions are consistent with the results from the total study population and as such deviations from International Conference on Harmonisation (ICH)-GCP at this site do not invalidate the study conclusions generated in MenACWY-TT-036.
[bookmark: _Toc196046464][bookmark: _Toc247691518][bookmark: _Toc314842502][bookmark: _Toc375119722]Pharmacokinetics
As noted in the WHO Guidelines on Nonclinical Evaluation of Vaccines and EMEA/CPMP Note for Guidance on Preclinical Pharmacological and Toxicological testing of Vaccines (CPMP/SWP/465/95), pharmacokinetic (PK) testing is not required for final vaccine formulations.
[bookmark: _Toc196046481][bookmark: _Toc247691520][bookmark: _Toc314842503][bookmark: _Toc375119723]Pharmacodynamics
Studies providing pharmacodynamics data
Phase II studies providing pharmacodynamic (PD) and safety data for MenACWY-TT and longer term follow-up of the latter (immune persistence) in the relevant age groups for the Phase III programme for Nimenrix are presented. None of the PD studies had deficiencies that excluded their results from consideration. All were included in this application.
[bookmark: _Toc343641669][bookmark: _Toc290846262][bookmark: _Toc272414640][bookmark: _Toc241374299]Mechanism of action
Polysaccharide vaccines illicit a T-cell independent immune response and while this has been successful in prevention of Meningoccus (Men) group A and C including epidemic control (Artenstein[footnoteRef:5]; Wahdan 1973[footnoteRef:6] and 1977[footnoteRef:7];Bosmans[footnoteRef:8]; Soriano[footnoteRef:9]) immunity is relatively short-lived as these vaccines do not induce immunological memory in any age group. Moreover, immune response to capsular organisms is impaired in young children <2 years (Leach[footnoteRef:10]; MacDonald[footnoteRef:11]; Granoff, 2005[footnoteRef:12] and 2009[footnoteRef:13]).  [5:  Artenstein MS, Gold R, Zimmerly JG et al. Prevention of meningococcal disease by group C PS vaccine. N Engl J Med. 1970; 282: 417-420.]  [6:  Wahdan MH, Sallam SA, Hassan MN, et al. A controlled field trial of a serogroup A meningococcal PS vaccine. Bull World Health Organ. 1973; 48: 667-673.]  [7:  Wahdan MH, Sallam SA, Hassan MN, et al. A second controlled field trial of a serogroup A meningococcal PS vaccine in Alexandria. Bull World Health Organ. 1977; 55: 645-651.]  [8:  Bosmans E, Vimont-Vicary P, Andre FE et al. Protective efficacy of a bivalent (A+C) meningococcal vaccine during a cerebrospinal meningitis epidemic in Rwanda. Ann oc Belg Med Trop. 1980; 60:297-306.]  [9:  Soriano-Gabarro M, Toé L, Tiendrebeogo S et al. Effectiveness of a trivalent serogroup A/C/W135 meningococcal PS vaccine in Burkina Faso, 2003. Vaccine. 2007;25S:A92-A96.]  [10:  Leach A, Twumasi PA, Kumah S et al. Induction of immunologic memory in Gambian children by vaccination in infancy with agroup A plus group C meningococcal PS-protein conjugate vaccine. J Infect Dis. 1997; 175: 200-204.]  [11:  MacDonald NE, Halperin SA, Law BJ et al. Induction of immunologic memory by conjugate vs plain meningococcal C PS vaccine in toddlers: a randomized controlled trial. JAMA. 1998; 280: 1685-1689.]  [12:  Granoff DM, Morgan A, Welsch JA. Immunogenicity of an investigational quadrivalent Neisseria meningitidis- diphtheria toxoid conjugate vaccine in 2-year old children. Vaccine 2005; 23: 4307-4314.]  [13:  Granoff DM. Relative importance of complement-mediated bactericidal and opsonic activity for protection against meningococcal disease. Vaccine. 2009; 27 Suppl 2:B117-25.] 

Vaccines against the PS-encapsulated bacteria Hameophilus influenzae type B (Hib) and Streptococcus pneumoniae have been successfully developed through chemical conjugation of the PS to a protein carrier. The net effect is conversion of the immune response to a T-cell independent anti-PS antibody response to a T-cell dependent response. Children <2 years can mount T-cell dependent immune responses to pathogens and this includes T-cell memory such that there is a strong anamnestic (memory) response to boosting with vaccine and (it is assumed), actual challenge with the organism. The other advantage of the currently licensed conjugate vaccines (Hib and pneumococcus) is reduction in asymptomatic carriage of these respective bacteria, thereby reducing potential transmission to protecting unvaccinated individuals (Mohle-Boetani[footnoteRef:14]; O’Brien[footnoteRef:15]). While this could be anticipated for meningococcal conjugate vaccines, the data in this regard is yet to be provided (Trotter 2007[footnoteRef:16] and 2009[footnoteRef:17]).  [14:  Mohle-Boetani JC, Ajello G, Breneman E, et al. Carriage of Haemophilus influenzae type b in children after widespread vaccination with conjugate Haemophilus influenzae type b vaccines. Pediatr Infect. Dis J. 1993; 12: 589-593]  [15:  O’Brien KL, Millar E, Zell M, Bronsdon et al. Effect of pneumococcal conjugate vaccine on nasopharyngeal colonization among immunized and unimmunized children. J. Infect. Dis. 2007; 196: 1211-1220.]  [16:  Trotter CL, Ramsay ME. Vaccination against meningococcal disease in Europe: review and recommendations for the use of conjugate vaccines. FEMS Microbiol Rev. 2007; 31:101-107.]  [17:  Trotter CL, Maiden MCJ. Meningococal vaccines and herd immunity: lessons learned from serogroup C conjugate vaccine programs. Expert Rev. Vaccines. 2009; 8(7); 851-861.] 

Summary of PD studies
None of the studies in this application were powered (sufficient numbers, sufficient duration) to explore actual efficacy of the vaccine in protecting against meningococcal disease. Hence the efficacy of the vaccine is confined to surrogate markers, that is, the serum bactericidal antibody (SBA) response. The data justifying the thresholds for these SBA (either using rabbit or human complement) endpoints align with WHO 2011 guidelines[footnoteRef:18] for licensure of meningococcal vaccines.  [18:  World Health Organization (WHO). Meningococcal vaccines: WHO position paper, November 2011. Wkly. Epidemiol. Rec. 2011; 86:521-540.] 

Phase II study in adolescents and adults
Study MenACWY-TT-015 demonstrated the non-inferiority of single dose MenACWY-TT IM with respect to immunity (at one month post vaccination) to MenA,-C, -W-135 and –Y, compared to the PS meningococcal vaccine Mencevax ACWY in the age group 11-55 years. 
Phase II studies in children, adolescents and adults
Study MenACWY-TT-052 demonstrated equivalent immunogenicity of MenACWY-TT (in children aged 10-<11 years; adolescents/young adults 11-25 years) to the conjugate (with diphtheria toxoid) quadrivalent meningococcal vaccine Menactra (in 11-25 years of age) defined by titres ≥1:8 using human SBA (hSBA) measured one month post vaccination. 
Exploratory analyses on the difference in immune response between MenACWY-TT and Menactra showed that the percentages of subjects with hSBA titres ≥4 and ≥8 were significantly higher in the MenACWY-TT group compared to the Menactra group for serogroups A, W-135 and Y and similar in both groups for serogroup C. The hSBA geometric mean titers (GMTs) were higher for the four serogroups in the MenACWY-TT group compared to the Menactra group. A vaccine response noted in 77.9% and 66.7% of subjects for MenA, 78.3% and 66.5% of subjects for MenC, 69.6% and 44.6% for MenW-135 and 59.8% and 36.3% for MenY in the MenACWY-TT and Menactra groups, respectively. The MenACWY-TT group had a statistically significantly higher hSBA vaccine response for all serogroups versus Menactra. 
Study MenACWY-TT-071 demonstrated the immunological non-inferiority of MenACWY-TT (Lot A: Commercial) versus Menactra one month after vaccination using hSBA titres in adolescents/young adults 11-25 years. 
Phase II studies in toddlers and children
Study MenACWY-TT-027 demonstrated the non-inferiority of MenACWY-TT versus the conjugate Men-C vaccine Meningitec for MenC in terms of rabbit SBA (rSBA) MenC titres ≥8 in children aged 1-<2 years old. MenACWY-TT was immunologically non-inferior to Mencevax ACWY reference vaccine in terms of the response to all 4 Men serogroups in 2-10 year olds. MenACWY-TT induced immunoprotective titres for all serogroups in those <2 years. 
Study MenACWY-TT-055 explored immunogenicity/safety of one dose MenACWYTT at 12 months old versus 2 doses of MenACWY-TT at 9 and 12 months of age. Both doses were immunogenic. In an exploratory evaluation the percentage with hSBA titres ≥1:8 and hSBA GMTs was significantly higher in those receiving prime-boost for all Men serogroups. 
Study MenACWY-TT-014, MenACWY-TT-013 extension, evaluated induction of immunological memory following one-fifth of a dose of Mencevax ACWY (a plain PS meningococcal vaccine) 15 months after priming with one of 4 formulations of MenACWY-TT candidate vaccine or Meningitec (MenC-conjugate control vaccine) when aged 12-14 months. Increases in rSBA GMTs for each of the four meningococcal serogroups were observed one month post boost in MenACWY-TT vacinees. Increases in rSBA GMTs were also observed in subjects primed with the MenC-conjugate control vaccine Meningitec for MenC. 
Details of the PD studies are in the Extract from the Clinical evaluation Report (CER) at Attachment 2 of this AusPAR.
Evaluator’s overall conclusion on pharmacodynamics
A robust series of PD studies with immunogenicity and safety data provided in studies using appropriate comparator meningococcal vaccines (including conjugate formulations) in toddlers, adolescents and adults (≤ 55 years old). These data supported the Phase III programme using the 3rd generation formulation of this quadrivalent conjugate meningococcal vaccine. 
[bookmark: _Toc372213236][bookmark: _Toc375119724]Dosage selection for the pivotal studies
The selected dose was 0.5 mL (after dilution) IM for age groups 1-55 years, containing the antigen and excipient components as proposed for registration.
[bookmark: _Toc163441372][bookmark: _Toc196046485][bookmark: _Toc247691521][bookmark: _Toc314842504][bookmark: _Toc375119725]Efficacy
[bookmark: _Toc184439992][bookmark: _Toc184440279][bookmark: _Toc184444657][bookmark: _Toc196046487]Studies providing efficacy data
[bookmark: _Toc290846274][bookmark: _Toc272414652][bookmark: _Ref271037274]Summaries of the Phase III efficacy studies in adolescents/adults (Table 1), children (Table 2) and toddlers (Table 3) are provided below. In addition, 2 Phase III persistence studies (MenACWY-TT-043 EXT- 036 Y2, in adolescents and Study MenACWY-TT-048 EXT-039 Y2 in toddlers) and the priming Study MenACWY-TT-021 were provided.
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Table 1. Phase III studies in adolescents/adults 
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Table 2. Phase III efficacy studies in children 
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Table 2 continued. Phase III efficacy studies in children 
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Table 3. Phase III efficacy studies in toddlers 
[image: ]
Table 3 continued. Phase III efficacy studies in toddlers 
[image: ]
Table 3 continued. Phase III efficacy studies in toddlers
[image: ]
Table 3 continued. Phase III efficacy studies in toddlers 
[image: ]
Table 3 continued. Phase III efficacy studies in toddlers 
[image: ]
Table 3 continued. Phase III efficacy studies in toddlers
[image: ]
Table 3 continued. Phase III efficacy studies in toddlers 
[image: ]
Table 3 continued. Phase III efficacy studies in toddlers
[image: ]

	AusPAR Nimenrix Meningococcal (groups A, C, W-135, Y) polysaccharide tetanus toxoid conjugate vaccine
GlaxoSmithKline Australia Pty Ltd PM-2012-01958-3-2 Date of Finalisation 4 December 2013
	Page 37 of 64



[bookmark: _Toc343641683][bookmark: _Toc290846282][bookmark: _Toc272414657][bookmark: _Ref271126605][bookmark: _Toc372213241][bookmark: _Toc372213238][bookmark: _Toc343641680]Evaluator’s conclusions on clinical efficacy: protective efficacy
Immunogenicity studies conducted in subjects ≥ 12 months of age demonstrate that one IM dose of MenACWY-TT vaccine induces responses similar to or higher than licensed meningococcal vaccines. MenACWY-TT induces immunological memory against the four Men serogroups even in toddlers 12-14 months of age, historically an age group that is not responsive or is poorly responsive to meningococcal PS vaccines. 
Follow-up studies demonstrate immune persistence similar to or higher than that elicited by licensed meningococcal vaccines (Meningitec and Mencevax ACWY) using the GSK rSBA assay. Even in the youngest age group, hSBA MenC GMTs were higher compared to all age strata in the Meningitec group. 
Although the hSBA GMTs for serogroups A, W-135, and Y trended lower for the younger age group, percentages of subjects with SBA titres ≥8, GMTs and vaccine responses reported for the three serogroups following a single dose of MenACWY-TT were higher or very close to those reported in an older age group (6 to <11 years) with Mencevax ACWY. 
Although SBA titres trended higher at persistence time-points for the older age groups in toddlers, there is limited precision in the point estimates because of the small persistence subsets at these persistence time-points and most 95% confidence intervals (CIs) overlap for the MenACWY-TT group. 
In terms of boosting with MenACWY-TT in prior recipients of a plain PS vaccine, GMTs are lower for MenA and to a lesser extent for the other serogroups, but there is induction of strong responses (3.9-30.1-fold increase of GMTs for all serogroups) without any worrisome safety signal. 
These data support both proposed indications of the MenACWY-TT vaccine, that is, first, active immunisation against invasive meningococcal disease caused by N. meningitidis serogroups A, C, W-135 and Y in individuals 1- 55 years of age. The vaccine is to be administered IM as a one-dose vaccination schedule. The second proposed indication is as a booster vaccination in subjects who have previously been vaccinated with a plain (that is, non conjugate) PS meningococcal vaccine. 
[bookmark: _Toc163441378][bookmark: _Toc196046495][bookmark: _Toc247691522][bookmark: _Toc314842505][bookmark: _Toc375119726]Safety
[bookmark: _Toc372213243][bookmark: _Toc343641685][bookmark: _Toc290846284][bookmark: _Toc272414659][bookmark: _Toc184440288][bookmark: _Toc184444666][bookmark: _Toc196046496]Studies providing evaluable safety data
All the Phase II and Phase III studies provided safety data. Solicited and unsolicited safety information was gathered. Local adverse events (AEs) solicited were: pain, redness and swelling at the injection site (IS). General AEs solicited were: drowsiness, fever (≥ 37.5°C oral/axillary or ≥38°C rectal), irritability/fussiness, and loss of appetite in subjects < 6 years, and fatigue, fever (≥37.5°C oral/axillary), gastrointestinal symptoms (nausea, abdominal pain, vomiting, and diarrhoea), and headache in subjects ≥ 6 years old. Diary cards were completed for Days 0-3 and/or Days 0-7 post vaccination (in Studies MenACWY-TT 012, -013, -052 and -055); in children/toddlers these were completed by the parent or guardian. 
Unsolicited AEs were collected Day 0-30 post vaccination. Intensity of solicited local and general AEs was assessed by the investigator according to a standard intensity scale and these were comparable across most of the studies. 
Adverse events, serious adverse events (SAEs) and New Onset Chronic Illness (NOCI) were collected at 6 months post the last vaccination visit (by phone interview) or at a later date in persistence studies. 
[bookmark: _Toc372213244]Overall extent of exposure
Of the completed studies, 9366 subjects aged 1-55 years have been vaccinated with one dose of MenACWY-TT vaccine. A total 189 subjects in MenACWY-TT-055 (2-dose group) received 2 doses of MenACWY-TT. 
The pooled analysis included data from 10,400 subjects vaccinated with MenACWY-TT or a comparator vaccine at first study visit. Of these 10,400 subjects, 8108 were vaccinated with MenACWY-TT, 1617 with Mencevax ACWY, 375 with Meningitec, 103 with Menjugate and 197 with Menactra. 
Summary of selected findings.
Details of the safety analyses and outcomes are found in the CER extract at Attachment 2 of this AusPAR.
The following Tables provide summary data on solicited AEs reported in the first 4 day period after vaccination in the Total Vaccinated Cohort (TVC), according to age group. 
Table 4. Pooled analysis percentage of 12-23 month old group reporting solicited AE during the 4-day (Days 0-3) post vaccination period of the TVC
[image: ]
N = total number investigated; n (%) = number (% of total number) reporting AE; CI = confidence interval; LL = lower limit of the 95% CI; UL = upper limit of the 95% CI.
Table 5. Pooled analysis percentage of 2-5 year old group reporting solicited AE during the 4-day (Days 0-3) post vaccination period of the TVC
[image: ]
N = total number investigated; n (%) = number (% of total number) reporting AE; CI = confidence interval; LL = lower limit of the 95% CI; UL = upper limit of the 95% CI.
Table 6. Pooled analysis percentage of 6-17 year old group reporting solicited AE during the 4-day (Days 0-3) post vaccination period of the TVC
[image: ]
N = total number investigated; n (%) = number (% of total number) reporting AE; CI = confidence interval; LL = lower limit of the 95% CI; UL = upper limit of the 95% CI.
[bookmark: _Toc372213254][bookmark: _Toc343641708][bookmark: _Toc290846329][bookmark: _Toc272414691][bookmark: _Toc241374328]Table 7. Pooled analysis percentage of ≥ 18 years old group reporting solicited AE during the 4-day (Days 0-3) post vaccination period of the TVC
[image: ]
N = total number investigated; n (%) = number (% of total number) reporting AE; CI = confidence interval; LL = lower limit of the 95% CI; UL = upper limit of the 95% CI.
Serious adverse events
From 8108 MenACWY-TT vaccinated subjects, 29 (0.4%) reported ≥ 1 SAE within the 31 days post vaccination. In regards to age groups differences, 0.8% of <2 year olds, 0.3% of 2-5 year olds, 0.2% of 11-17 year olds and 0.2% of ≥18 year olds had one or more SAE. No SAEs were reported in the 6 to 10 year olds. None of the SAEs reported in those under 2 and those aged 2-5 years were considered vaccine related. In the 11-17 years age group, two SAEs (concussion and syncope), reported by one subject 8 days after vaccination with MenACWY-TT and Twinrix vaccines in study MenACWY-TT-037, were considered vaccine related. In the ≥18 year age group, three SAEs were considered vaccine related (abdominal pain and gastritis reported by one subject 5 days after vaccination with MenACWY-TT in Study MenACWY-TT-035; a SAE of blighted ovum reported by one subject 29 days after vaccination with MenACWY-TT in Study MenACWY-TT-093).
Of the SAEs not considered related (in 8108 subjects vaccinated with MenACWY-TT), two subjects reported nervous system disorder SAEs (one case of febrile convulsion in < 2 years age group and one case of syncope in 11-17 years age group). Data mining analysis in MenACWY-TT and Meningitec groups did not identify any differences between groups for any SAE reported, except bronchitis which was higher in the Meningitec (0.8%) versus MenACWY-TT group (0.0%) (P-value = 0.027). No SAEs were reported in Mencevax ACWY controlled studies (MenACWY-TT-027 and -038) in the 6-10 years age group during the 31 day post-vaccination period. Data mining analysis did not identify any differences between MenACWY-TT and Mencevax ACWY for SAEs. No SAEs were reported within the 31 day post vaccination period in ≥18 year olds in the MenACWYTT or Menactra group of this study. 
For SAEs reported during the 31 day (Days 0-30) post-vaccination period in Study MenACWY-TT 021(booster study): One SAE (tendon rupture, occurring in one subject in the primed group 22 days after vaccination) was not considered vaccine related. For SAEs reported during the 31 day (Days 0-30) post-vaccination period in Study MenACWY-TT-071: 3 SAEs were reported: one subject in MenACWY-TT lot-A group reported one SAE (asthma) and one subject in the Menactra group reported two SAEs (jaw fracture and post-procedural haematoma), none of which was considered vaccine related. 
Serious AEs reported retrospectively in immunogenicity persistence studies (Studies MenACWY-TT-014,-016,-017,-024,-025,-026,-028, -029, -030,- 043Y2, -048Y2, -059Y1, -062Y1): These are SAEs occurring between completion of vaccination studies and the start of the respective persistence studies. From 185 subjects who returned for immunogenicity persistence Study 014, four subjects experienced ≥ 1 SAE, one of which was mastoiditis reported by 1 subject from the MenACWY-TT (3-5 year) group. None were considered vaccination related. All resolved without sequelae. In persistence Studies MenACWY-TT-016, -017, -024, -025, -026, -028, -029, -030, - 043Y2, -048Y2, -059Y1 and -062Y1 only SAEs considered vaccination were reportable and none were.
Regarding New Onset Chronic Illness (NOCI) reported in the extended safety follow-up period of 6 months: Data mining analysis in MenACWY-TT and control groups did not identify any NOCIs requiring further exploration.
Evaluator’s overall conclusions on clinical safety
The evaluator considered Nimenrix had a favourable safety profile in all age groups studied. 
[bookmark: _Toc372213255][bookmark: _Toc196046504][bookmark: _Toc163441390][bookmark: _Toc375119727]First round benefit-risk assessment
[bookmark: _Toc236802592][bookmark: _Toc241374331][bookmark: _Ref272160836][bookmark: _Toc272414693][bookmark: _Toc290846331][bookmark: _Toc343641710][bookmark: _Toc372213256]First round assessment of benefits
The benefits of MenACWY-TT in the proposed usage are:
Equivalent if not higher levels of protective immunogenicity to all 4 meningococcal serogroups (A,C, W-135, Y) including in the younger age group (< 2 years) who tend to mount poorer and less persistent immune responses to PS meningococcal vaccines;
Potential protection from invasive meningococcal disease;
Boosting of immune responses to all 4 meningococcal serogroups in those primed with a PS vaccine, which might protect better against invasive meningococcal disease.
[bookmark: _Toc236802596][bookmark: _Toc241374334][bookmark: _Ref272160964][bookmark: _Toc272414694][bookmark: _Toc290846332][bookmark: _Toc343641711][bookmark: _Toc372213257]First round assessment of risks
The risks of MenACWY-TT in the proposed usage are relatively small in terms of solicited local and general AEs and unsolicited AEs. Moreover, these are equivalent to licensed comparator meningococcal vaccines. 
[bookmark: _Toc372213258]First round assessment of benefit-risk balance
The benefit-risk balance of MenACWY-TT, given the proposed usage, is favourable.
[bookmark: _Toc372213259][bookmark: _Toc375119728]First round recommendation regarding authorisation
The evaluator recommended the authorisation of this product for the indications sought in this application.
[bookmark: _Toc314842506][bookmark: _Toc270320087][bookmark: _Toc241374329][bookmark: _Toc255919423][bookmark: _Toc163441387][bookmark: _Toc375119729]List of questions
None
[bookmark: _Toc247691524][bookmark: _Toc314842508][bookmark: _Toc375119730]V. Pharmacovigilance findings
[bookmark: _Toc247691526][bookmark: _Toc314842509][bookmark: _Toc375119731]Risk management plan
The sponsor submitted a Risk Management Plan (RMP; MENACWY-TT Vaccine EU-RMP (version 1, dated 15 February 2012, data lock point 15 September 2010)) which was reviewed by the TGA’s Office of Product Review (OPR).
Safety specification
The sponsor provided a summary of Ongoing safety Concerns which are shown at Table 8.
Table 8. Summary of Ongoing safety Concerns
	Important identified risks
	None

	Important potential risks
	Guillain-Barré Syndrome
Purpura
Vasculitis
Acute Disseminated Encephalomyelitis (ADEM)
Brachial Neuritis
Anaphylaxis
Change in meningococcal epidemiology/serogroup replacement
Lack of efficacy
Administration of MenACWY-TT vaccine via the intravascular, intradermal or subcutaneous route.
Administration of MenACWY-TT vaccine to patients with thrombocytopenia or any coagulation disorder with a risk of haemorrhage.
Extensive limb swelling/severe injection site reactions

	Important missing information
	Use in immunocompromised and immunodeficient (including asplenic) patients
Use in patients with chronic diseases
Use during pregnancy and lactation
Long term persistence of the vaccine response and need for a booster dose


Pharmacovigilance plan
The pharmacovigilance activities proposed by the sponsor in the EU-RMP and/or Australia Specific Annex (ASA) are summarised in the table below:
Table 9. Proposed pharmacovigilance activities
	Safety concern
	Pharmacovigilance activities

	Important potential risks

	Guillain-Barré Syndrome
	Routine pharmacovigilance
Targeted follow-up questionnaire

	Purpura
	Routine pharmacovigilance
Targeted follow-up questionnaire

	Vasculitis
	Routine pharmacovigilance

	ADEM
	Routine pharmacovigilance

	Brachial neuritis
	Routine pharmacovigilance

	Anaphylaxis
	Routine pharmacovigilance

	Change in meningococcal epidemiology/serogroup replacement
	The sponsor will evaluate working with individual countries with established infection control agencies to obtain serogroup distribution data when certain criteria are met.

	Lack of efficacy
	Routine pharmacovigilance
Targeted follow-up questionnaire
The sponsor will evaluate working with individual countries with established infection control agencies to obtain serogroup distribution data when certain criteria are met.

	Administration of MenACWY-TT vaccine via the intravascular, intradermal or subcutaneous route
	Routine pharmacovigilance

	Administration of MenACWY-TT vaccine to patients with thrombocytopenia or any coagulation disorder with a risk of haemorrhage
	Routine pharmacovigilance

	Extensive limb swelling/severe injection site reactions
	Routine pharmacovigilance

	Important missing information

	Use in immunocompromised and immunodeficient (including asplenic) patients
	Routine pharmacovigilance
Study MenACWY-TT084

	Use in patients with chronic disease
	Routine pharmacovigilance

	Use during pregnancy and lactation
	Routine pharmacovigilance

	Long term persistence of the vaccine response and need for a booster dose
	Numerous ongoing  persistence studies


The use of routine pharmacovigilance only to manage most of the safety concerns is considered adequate. This was supported by the Advisory Committee on the Safety of Medicines (ACSOM) when they considered the MenACWY-TT vaccine RMP.
Targeted questionnaires are proposed to augment routine pharmacovigilance for the important potential risks ‘Guillain-Barré Syndrome’, ‘Purpura’ and ‘Lack of Efficacy’. These have been provided and are acceptable.
For the important missing information ‘Use in immunecompromised and immunodeficient (including asplenic) patients’ study 084 is planned to evaluate the immunogenicity of 1 and 2 doses of the vaccine administered to at risk subjects (asplenic children or children with complement deficiencies) compared to age-matched healthy subjects. From a RMP standpoint this study is acceptable.
A suite of ongoing persistence studies are described in the RMP for important missing information ‘Long term persistence of the vaccine response and need for a booster dose’. This is acceptable.
The pharmacovigilance plan is consistent with that approved in the EU and the evaluator has no objection to the proposed activities.
Risk minimisation activities
[bookmark: _Toc247691527]The sponsor has concluded that routine risk minimisation (that is, product labelling) is sufficient to manage the risks associated with MenACWY-TT vaccine except for some risks where no risk minimisation is proposed. 
Routine risk minimisation (product labelling) is proposed for the following risks:
Important potential risks: ‘Anaphylaxis’, ‘Lack of efficacy’, ‘Administration of MenACWY-TT vaccine via the intravascular, intradermal or subcutaneous route’ and ‘Administration of MenACWY-TT vaccine to patients with thrombocytopaenia or any coagulation disorder with a risk of haemorrhage’ 
Important missing information: ‘Use in immunocompromised and immunodeficient (including asplenic) patients’ and ‘Use during pregnancy and lactation’.  
No risk minimisation is proposed for the other risks. No additional risk minimisation activities are proposed.
OPR reviewer comment:
The proposed use of routine risk minimisation is acceptable. This was supported by ACSOM when they considered the MenACWY-TT vaccine RMP.
The need for a booster dose for this vaccine has not been established and is subject to ongoing study (see Summary of recommendations below). 
In regard to the proposed routine risk minimisation activities, the draft PI document is considered satisfactory.
In regard to the proposed routine risk minimisation activities, the draft Consumer Medicine Information (CMI) is considered satisfactory.
Summary of recommendations
The OPR provides these recommendations in the context that the submitted RMP is supportive to the application; the implementation of the MenACWY-TT Vaccine EU-RMP (version 1, dated 15 February 2012, data lock point 15 September 2010) + Australian-specific Annex (undated) is imposed as a condition of registration; and the submitted EU-RMP is applicable without modification in Australia unless so qualified; 
As risk minimisation for the important missing information ‘long term persistence of the vaccine response and need for a booster dose’ the sponsor should confirm how they plan to notify prescribers and therefore patients if it is determined that a booster dose is needed in the future. Such consideration should be included in an amendment to the risk minimisation section of the ASA.[footnoteRef:19]  [19:  The sponsor provided information on this point that was accepted by the OPR prior to a final decision being made on this application. ] 

[bookmark: _Toc314842510][bookmark: _Toc375119732]VI. Overall conclusion and risk/benefit assessment
[bookmark: _Toc247691528]The submission was summarised in the following Delegate’s overview and recommendations:
Background
The sponsor (GSK) has submitted an application seeking the registration of Nimenrix, a quadrivalent meningococcal ACWY-TT conjugate vaccine (MenACWY-TT). This new vaccine is a powder and solvent for solution for IM injection.
The proposed Indication is as follows:
Nimenrix is indicated for active immunisation of individuals from the age of 12 months through 55 years against invasive meningococcal diseases caused by Neisseria meningitidis serogroups A, C, W-135 and Y. 
The proposed Dosage and Administration is as follows:
Primary vaccination: 
A single 0.5 mL dose of the reconstituted vaccine is used for immunisation. 
Booster vaccination: 
Nimenrix may be given as a booster dose in subjects who have previously been vaccinated with a plain polysaccharide meningococcal vaccine. 
The need for a booster dose in subjects primed with Nimenrix has not been established. 
Nimenrix should be used in accordance with available official recommendations.
It is noted that this application does not seek approval of Nimenrix as a booster in those primed with Nimenrix or another conjugate meningococcal vaccine.
[bookmark: _Toc314842511][bookmark: _Toc375119733]Quality
The administrative, product usage, chemical, pharmaceutical, microbiological data submitted in support of this application have been evaluated in accordance with the Australian legislation, pharmacopoeial standards and relevant technical guidelines adopted by the TGA. The application was considered at the 150th PSC meeting. 
There are no outstanding Module 3 issues, and the Module 3 evaluator recommends approval of the vaccine.
[bookmark: _Toc314842512][bookmark: _Toc375119734]Nonclinical
The nonclinical evaluator identified no major deficiencies in the studies submitted in Module 4, with the results from nonclinical studies leading to the selection of the dose of PS and conjugation methodologies of the MenACWY-TT vaccine for clinical use. 
The studies submitted for primary pharmacology were conducted in 2 animal species (mice and rabbits), administered via SC and IM using one tenth and the full human dose respectively. Immunogenicity studies used PS that were T‑cell independent antigens, PS conjugates, which are T-cell dependent antigens, as well as the final vaccine formulation. The studies submitted support the proposed indication for Nimenrix. 
Efficacy was not tested directly due to the lack of animal models of infection for Neisseria, a human-specific pathogen. Safety pharmacology data found no biologically significant effects on the cardiovascular and respiratory parameters recorded. No clinically relevant hazards were identified. No treatment related clinical signs, body weight changes or local reaction were observed after single dose administration at the injection site. A repeat dose study administering 5 IM fortnightly injections, equivalent to the full human dose (0.5 mL per injection containing 5 µg each of each PS type MenA‑TT (with AH spacer), MenC‑TT (with AH spacer), MenW‑135‑TT and MenY‑TT), found no distinct treatment-related changes in general and local clinical signs, ophthalmology, body weight, food intake, rectal body temperature, haematology, blood chemistry and organ weights in rabbits. 
No treatment-related effects of the vaccine were observed on female rat fertility, maternal toxicity, pre- and post-natal development. Male fertility was not studied. Therefore, the proposed Pregnancy Category (B2) is acceptable. 
The presence of two specific residual substances in the final vaccine formulation for clinical use presents no toxicological hazard to vaccinated subjects. 
There are no nonclinical objections to registration. The evaluator recommended a few amendments to the Product Information document.
[bookmark: _Toc247691530][bookmark: _Toc314842513][bookmark: _Toc375119735]Clinical
Clinical efficacy/immunogenicity
The submitted clinical studies evaluated the safety and immunogenicity of the candidate vaccine in various age groups and when administered with other routine childhood vaccines. Table 10 below lists the primary immunisation studies and Table 12 lists the immune persistence studies. 
Table 10. Primary immunisation studies to support the safety and immunogenicity of Nimenrix
[image: ]
Clinical efficacy outcomes were not assessed in these submitted studies. The primary outcomes were immunogenicity endpoints measured by SBA assay based on the US Center for Disease Control and Prevention (CDC) protocol and using baby rabbit serum (rSBA) as the source of complement. The thresholds for the SBA titres are shown in Table 11 and align with WHO 2011 guidelines[footnoteRef:20] for licensure of meningococcal vaccines.  [20:  World Health Organization (WHO). Meningococcal vaccines: WHO position paper, November 2001. Wkly. Epidemiol. Rec. 2011; 86:521-540.] 

Table 11. Protective thresholds for SBA titres against MenA, -C, -W-135, -Y 
	
	rabbit SBA (rSBA)
	human SBA (hSBA)

	age group
	Seronegative
(rSBA < 8 
pre–vaccination) 
	Seropositive
(rSBA ≥ 8 
pre– vaccination) 
	Seronegative
(hSBA titre < 4
pre-vaccination) 
	Seropositive
(hSBA titre ≥ 4)
pre-vaccination)

	≥ 2 years of age
	Post vaccination
 rSBA titres ≥ 32
	4-fold increase in rSBA from pre- to post-vaccination)
	Post vaccination
hSBA titres ≥ 8 
	4-fold increase in hSBA from pre- to post-vaccination)

	< 2 years of age
	rSBA titre ≥ 8
	N/A
	N/A
	N/A


The GSK rSBA assays for the 4 serogroups were validated according to the ICH guidelines. The GSK rSBA-MenC assay was successfully bridged with the rSBA assays and a titre of 8 was shown to correlate with meningococcal C conjugate vaccine effectiveness. Consequently, the rSBA has been used as a primary immunological assay in the Nimenrix clinical development plan. The lack of consensus regarding the choice of human or baby rabbit complement for SBA assays has led to testing by GSK using hSBA assays to further characterise the immune responses to Nimenrix. 
All studies were randomised, except persistence studies and the booster study (Study-021). Lot-to-lot consistency (in Study-035) was evaluated in a double-blind manner as were the different formulations of the vaccine tested in Studies -012 and -013. Due to the route of administration (IM for Nimenrix and SC for Mencevax ACWY), subjects were not blinded in other studies, and also blinding was not possible due to additional vaccine(s) in the Nimenrix arm. Because of formulation difference (for example, Menactra is a liquid vaccine and Nimenrix a lyophilised vaccine), Study-052 was single blind and Study-071 was observer blind. All other studies were “open” because of different administration routes, schedules or vaccine presentation, or because the same vaccine was given to all. 
For all studies, the primary immunogenicity analyses were conducted in the according-to-protocol (ATP) cohort. The rSBA titres for the 4 serogroups were assessed in all studies. In some studies, testing was limited to a random subset of subjects according to pre-specified serology plan. The size of the subset was defined in order to provide an adequate and representative sample of the immune status of the studied population. 
Dose selection studies
Study 012 and Study 013 are dose ranging studies in which the immunogenicity and safety of different formulations and dosages of the candidate vaccine (MenACWY-TT) was assessed in toddlers, children and adolescents. Based on the results, the candidate vaccine for further development was a formulation containing 5 μg of each PS and using an AH spacer molecule between the PS and the carrier for MenA and MenC conjugates.
Imunogenicity comparisons to the registered vaccines
The immunogenicity of Nimenrix was compared to a number of licensed meningococcal vaccines including Meningitec, Menjugate and Mencevax ACWY. These studies were conducted in different age groups.
Comparison to monovalent meningococcal C conjugate vaccines
In toddlers (12-23 months of age) 
Study-039 evaluated the immune response to vaccination with either Nimenrix or Meningitec (a licensed meningococcal C conjugate vaccine) in toddlers. The study demonstrated the noninferiority of Nimenrix versus Meningitec in that the percentage of subjects with rSBA ≥ 8 for serogroup C, as the lower limit (LL) of the 95% confidence interval (CI) for the between group difference, was above the pre-defined margin of -10%. The second co-primary objective of this study was to demonstrate immunogenicity of Nimenrix for serogroups A, W-135, and Y. As the LL of the 95% CI for the percentage of subjects with rSBA ≥ 8 (for serogroups A, W135 and Y) was above the pre-defined success criterion of 90%, the immunogenicity of Nimenrix for these 3 serogroups was confirmed.
In children 2-10 years old
Study-081 was conducted in children 2-10 years of age. The primary objective was to demonstrate noninferiority of Nimenrix versus Menjugate in terms of rSBA-MenC vaccine response. As the LL of the 95% CI for the between group difference in the percentage of subjects with rSBA-MenC response was above the pre-defined non-inferiority margin (-10%), Nimenrix is considered immunologically non-inferior to Menjugate for the MenC response.
Comparison to Mencevax ACWY in different age groups 
Mencevax ACWY is a quadrivalent plain meningococcal PS vaccine (ACWY-PS). The immunogenicity comparison between Nimenrix and Mencevax ACWY for the 4 serogroups was assessed in different age groups in a number of studies: Study 038 in subjects 2 to 10 years of age, Study 036 in those 11-17 years of age, Study 035 in those 18-55 years of age, and Study 093 in subjects 18-25 years of age. In all these studies, the LL of the 95% CIs for the difference between groups in the percentage of subjects with rSBA response was above the non-inferiority limit (-10%) for all 4 serogroups. The immunogenicity non-inferiority of Nimenrix versus Mencevax ACWY for the 4 serogroups was demonstrated.
As there are no comparator vaccines containing antigens to serogroups A, W-135 and Y for toddlers, the immune response to these 3 serogroups induced by Nimenrix in toddlers were compared to the responses elicited by Mencevax ACWY in older children (that is, aged 2 to < 11 years of age with rSBA; 6 to < 11 years of age with hSBA). In Study-027, rSBA GMT and vaccine responses elicited by Nimenrix in toddlers were comparable to the responses induced by Mencevax ACWY in children 2 to <11 years of age. Although hSBA GMTs were lower for the younger age group, the percentage of subjects with immunoprotective titres and vaccine response following Nimenrix were higher than or close to those reported in older children (6 to <11 years) vaccinated with Mencevax ACWY in Study-027.
Study-093 included a powered secondary objective assessing the comparability of Nimenrix Lot A and Mencevax ACWY in terms of rSBA GMT ratios for all 4 serogroups. At 1 month post-vaccination, non-inferiority was demonstrated as the upper limit of the 95% CIs on the rSBA GMT ratios (Mencevax ACWY /Nimenrix Lot A) was below the limit of 2-fold for all 4 serogroups.
Study-015 was conducted in subjects 11-55 years old. The study demonstrated that at one month post vaccination, the immune response elicited by Nimenrix is non-inferior to Mencevax ACWY for all 4 serogroups. 
Comparison to Menactra (a quadrivalent conjugate vaccine)
Study-071 was conducted in subjects 10-25 years of age. The primary objective was to show the noninferiority of Nimenrix (Lot A) versus Menactra. The primary endpoint was the percentage of subjects with hSBA vaccine response. The noninferiority was demonstrated, as for each serogroup, the LL of the 95% CI for the difference between groups was greater than -10%. 
Study-052 was conducted in subjects 11-25 years of age. The study compared the immunogenicity of Nimenrix versus Menactra. One month post-vaccination, the percentage of subjects with hSBA ≥ 4 against serogroups A, C, W-135 and Y were 83.0%, 96.1%, 92.1% and 95.2%, respectively in the Nimenrix group and 70.7%, 98.8%, 78.5% and 81.8%, respectively in the Menactra group. Exploratory analyses showed that the percentage of subjects with hSBA ≥ 4 and ≥ 8 was significantly higher in the Nimenrix group then in Menactra group for serogroups A, W-135 and Y and similar in both groups for serogroup C. The hSBA GMTs were also higher for the 4 serogroups in the Nimenrix group than in the Menactra group. 
Prime-boost study (Study-021)
Study-021 evaluated the immunogenicity of Nimenrix given 30-42 months after the previous prime-vaccination with Mencevax ACWY in subjects aged 2–30 years (who participated in a previous study, Mencevax ACWY-004). One month post vaccination, seropositivity rates for the 4 serogroups increased to 100% in both the MPS group (subjects who were primed with Mencevax ACWY) and the noMPS group (subjects who were not primed with Mencevax ACWY). The proportion with rSBA ≥ 128 increased to 97.0-100% in the MPS group and 100% in the noMPS group. Exploratory analysis did not reveal significant differences between groups in the percentage of subjects with rSBA ≥ 8 and ≥ 128. Vaccine response rates were 41.1-83.0% in the MPS group and 76.9-97.3% in the noMPS group for the 4 serogroups. The vaccine response in the MPS group was significantly lower than in the noMPS group for all serogroups. This lower response was not surprising since pre-vaccination titres were already high due to prior Mencevax ACWY vaccination in that group. Nevertheless, all initially seronegative subjects in the MPS group responded to the vaccine, except one subject for serogroup C. 
In both groups, the rSBA GMTs increased from pre- to 1 month post-vaccination for all serogroups. The rSBA GMTs adjusted for age strata for all serogroups were significantly lower in those who had prior Mencevax ACWY vaccination. The rSBA GMTs one month post-vaccination with Nimenrix were higher than one month post-vaccination with Mencevax ACWY (post-MPS time point) for serogroups W-135 and Y, similar for MenC and lower for MenA. These results confirm the relative hyporesponsiveness previously reported after a primary dose of meningococcal PS vaccine followed by conjugate vaccine. However, the high rSBA GMT achieved for all serogroups in the MPS group after the Nimenrix vaccination suggest that if sustained immunity against meningococcal serogroups is required in subjects previously vaccinated with plain PS meningococcal vaccine, the administration of Nimenrix is considered safe and immunogenic.
One dose versus two dose regimen
Study-055 explored the safety and immunogenicity of one dose of Nimenrix at 12 months old versus 2 doses of Nimenrix at 9 and 12 months of age. The primary objective of immunogenicity of Nimenrix administered on a 2-dose schedule (at 9 and 12 months of age) was reached, as the LL of the 95% CI for the percentage of subjects with hSBA titers ≥ 1:8 post-dose 2 was above the pre-specified limit of 90% for hSBA-MenC (LL is 97.3%), and 80% for hSBA-MenA, W-135 and Y (LL is 81.9%, 96.2% and 96.2% respectively). In an exploratory evaluation, the percentage of subjects with hSBA ≥ 1:8 was significantly higher in those receiving prime-boost for all serogroups. There was no safety or tolerability cost to the two dose strategy. 
Immune persistence studies 
The persistence of the immune response elicited by Nimenrix was evaluated 12 to 42 months after vaccination in subjects aged 12 months to 55 years. The persistence studies are presented in the table below.
Table 12. Persistence/boostability studies to support the safety and immunogenicity of Nimenrix
[image: ]
In children primed at 12-23 months of age
Using rSBA titres: Persistence of the immune response in subjects primed at age 12-23 months was assessed in a number of studies (Study 014, 028, 029, 030, 048, and 062). The percentage of subjects with rSBA ≥ 8 post-vaccination with Nimenrix at 12, 15, 24 and 36 months remained high for all serogroups (≥ 94.7% for serogroups A, W-135 and Y, and ≥ 87.4% for serogroup C). The rSBA GMTs decreased between 1 month post-vaccination and the persistence time points but remained higher than prior to vaccination for the 4 serogroups. 
In studies including Meningitec as a control, the percentage of subjects with MenC rSBA ≥ 8 at the persistence time points were significantly higher in subjects vaccinated with Nimenrix than in those vaccinated with Meningitec except in Study -030. In Study 014, there were increases in GMTs for the 4 serogroups at 1 month post-boosting with one fifth dose of Mencevax ACWY (plain ACWY vaccine) irrespective of which vaccine they were primed with, and for serogroups A, W and Y, the GMTs were significantly higher in the Nimenrix primed group versus the control group, indicating the induction of immune memory by the primary vaccination with Nimenrix.
Using hSBA titres: 12-36 months post-vaccination with Nimenrix, the percentage of subjects with hSBA-MenA ≥ 4 and ≥ 8 were low at 21.8-25.1% and 5.6-23.0%, respectively. In contrast, hSBA-MenC ≥ 4 and ≥ 8 ranged from 87.5-96.3% in Nimenrix recipients and 52.6-75.8% in Meningitec recipients. The percentage of subjects with hSBA-MenC ≥ 4 and ≥ 8 and GMTs were higher in the Nimenrix groups versus Meningitec groups except in Study -030 at month 36. The percentage of subjects with hSBA MenW-135 ≥ 4 and ≥ 8 ranged from 79.9-100% at 12 to 36 months post-vaccination with Nimenrix. Similarly, the percentage with hSBA MenY ≥ 4 and ≥ 8 ranged from 73.6% to 96.2%. Paradoxically, in Study-027, hSBA to MenW-135 and MenY were higher at month 12 post vaccination and fell in subsequent visits. Overall, the data suggest that age at vaccination in the second year of life does not generally impact the percentage of subjects with SBA ≥ 8 at persistence time-points and the persistence in terms of percentage of subjects with SBA titres above cut-off and GMTs was higher in the Nimenrix group than in the MenC control group.
In children /adolescents vaccinated between 2 and 17 years old
Using rSBA titres: For subjects primed at 2-10 years of age, persistence of immune response was evaluated at different time points post-vaccination in Studies -14,-028, -029 and -030. For subjects primed at 11-17 years of age, persistence was evaluated 12 and 24 months after vaccination in Studies -016/-017 and 24 months after vaccination in Study ‑043. 
In all persistence studies and in both age strata the percentage of subjects with rSBA ≥ 8 post-vaccination with Nimenrix at the persistence time points remained high for all serogroups (≥ 98.6%). The rSBA GMTs decreased between 1 month post vaccination and the persistence time points but remained higher than prior to vaccination for all 4 serogroups. Exploratory analyses to compare immune persistence after Nimenrix and Mencevax ACWY showed that rSBA GMTs for all 4 serogroups were higher with Nimenrix 15 and 24 months post vaccination in subjects vaccinated at 2-10 years of age (-014 and-029). In -043 (subjects vaccinated at 11-17 years of age), 24 months after vaccination, the rSBA GMTs for MenA, W-135 and Y were higher in Nimenrix versus Mencevax ACWY recipients, but rSBA GMTs for MenC were lower in Nimenrix recipients.
In children 2-10 years of age
Using hSBA titres: In studies with children 12-15 months post-vaccination with Nimenrix, the percentage with hSBA-MenA ≥ 4 and ≥ 8 were low, ranging from 16.3 -31.0%. The percentage with hSBA-MenA ≥ 4 and ≥ 8 following Mencevax ACWY were also low at 0.0 to 11.4%. The percentage with hSBA MenC ≥ 4 and ≥ 8 was 94.3-98.2% for the Nimenrix group and 32.3-77.3% for the Mencevax ACWY group. The percentage with hSBA-MenW-135 ≥ 4 and ≥ 8 at 12-15 months post vaccination with Nimenrix ranged from 95.8-100% and were higher compared to Mencevax ACWY (12.9-37.3%). Similarly, the percentage with hSBA-MenY ≥ 4 and ≥ 8 at 12-15 months post vaccination with Nimenrix and Mencevax ACWY ranged from 90.6-100% and 33.3-63.2%, respectively. Increases in hSBA for W-135 and Y GMTs were observed 12-15 months post Nimenrix vaccination in studies conducted in children. 
In adolescents and adults 
Using rSBA titres: the immune persistence was evaluated in adults at different time points in a number of studies (Studies 016, 017, 024, 025 and 026). In these studies, the percentage with rSBA ≥ 8 post-vaccination with Nimenrix remained high for all serogroups (≥ 99.2%) at the persistence time points. The rSBA GMTs decreased between 1 month post vaccination and the persistence time points but remained higher than prior to vaccination for all 4 serogroups. Exploratory analyses showed that at year 2, rSBA for -A, ‑W and -Y GMTs were significantly higher in the Nimenrix group versus the Mencevax ACWY group (Study-015). Forty-two months after primary vaccination, Nimenrix recipients had significantly higher GMTs versus Mencevax ACWY recipients for serogroup W-135 in Study-026 (persistence part of Study-012).
Using hSBA titres: Study-025/-026 evaluated immune persistence 30 and 42 months respectively after vaccination of 17 to 22 year olds with Nimenrix or Mencevax ACWY. At 42 months post-vaccination with Nimenrix, hSBA ≥ 4 and 8 persisted in ≥ 88.9% of subjects for serogroups C, W and Y. For serogroup A, persistence was lower in the Nimenrix group (61.1% and 50.0% hSBA ≥ 4 and ≥ 8 respectively); hSBA ≥ 4 and 8 persisted in ≥ 81.3% of Mencevax ACWY recipients for all 4 serogroups. Note the sample size was small in Study-025/026 (n = 22 for Nimenrix recipients). 
Twelve month persistence data in 11-25 year olds given Nimenrix or Menactra (Study-059) revealed that hSBA for serogroup C, W, and Y ranging from 94.9%-98.5% for Nimenrix recipients versus 73.3%-86.7% for Menactra recipients respectively. This difference was statistically significant. For serogroup A, the immune persistence was lower (hSBA ≥ 8 in 29.1% of the Nimenrix recipients and 31.3% of the Menactra recipients); this represented a considerable titre decline in both groups since one month post vaccination levels. This contrasts with some of the paradoxical increases in serogroup W titres (Nimenrix) seen at one year. 
[bookmark: _Toc241374303][bookmark: _Toc272414647][bookmark: _Toc290846269][bookmark: _Toc343641676]Co-administration with other vaccines
Several studies explored the potential interaction of co-administered vaccines: DTPa-HBV-IPV/Hib (Infanrix Hexa, vaccine against diphtheria, tetanus, pertussis, hepatitis B, polio and haemophilus influenza type B), MMRV (Priorix Tetra, against measles, mumps, rubella and varicella), 10-valent pneumococcal conjugate vaccine (Synflorix) in toddlers < 2 years of age, hepatitis A-hepatitis B combined vaccine (Twinrix) in adolescents; seasonal influenza vaccine (Fluarix) in adults.
Hepatitis A/B combined vaccine (Twinrix) in adolescents 11-17 years
This was explored in Study 037. There was no evidence of differences in immune response in either direction in terms of immunoprotection to each Men serogroup or serological response to Hep A and B post dose 1 and seven months after vaccination when vaccines co-administered.
Seasonal influenza vaccine in adults 18 to 55 years of age
This was explored in Study-035. There was no evidence of differences in immune response in either direction in terms of immunoprotection to each Men serogroup or serological response to trivalent influenza vaccine one month post vaccination when vaccines co-administered.
DTPa-HBV-IPV/Hib in toddlers: Infanrix Hexa, Priorix Tetra and Synflorix
Immunogenicity of Nimenrix co-administered with or administered one month after DTPa-HBV-IPV/Hib or administered one month before DTPa-HBV-IPV/Hib was explored in Study-040. There was no evidence of clinically significant impact on immune response in either direction to each serogroup or serological response to the component antigens of Infanrix Hexa vaccine if co-administered or administered sequentially. 
Co-administration with Priorix Tetra (MMRV) was explored in Study-039. There was no evidence of clinically significant impact on immune response in either direction in terms of immunoprotection to each Men serogroup or serological response to MMRV vaccine if co-administered. However, in an exploratory analysis anti-rubella geometric mean concentration (GMC) was statistically significantly lower in the co-administered group (43.1 IU/mL) compared to the MMRV group (53.2 IU/mL) but still considered protective. 
Co-administration with Synflorix was explored in Study-080: there was no evidence of negative impact on immune response to each Men serogroup but immune response to pneumococcal antigen serogroup18C was lower than expected. Since 100% of subjects in co-administration group had anti-18C concentrations ≥ 0.2 μg/mL, and 98.2% in the co-administration group had OPA-18C titres ≥ 8, the difference in GMCs and GMTs is of questionable clinical relevance.
[bookmark: _Ref269120916][bookmark: _Toc272414658][bookmark: _Toc290846283][bookmark: _Toc343641684]Clinical safety
Of the completed studies, 9366 subjects aged 1-55 years have been vaccinated with one dose of Nimenrix. The pooled analysis included data from 10,400 subjects vaccinated with Nimenrix or a comparator vaccine at first study visit. Of these 10,400 subjects, 8108 were vaccinated with Nimenrix, 1617 with Mencevax ACWY, 375 with Meningitec, 103 with Menjugate and 197 with Menactra. 
[bookmark: _Toc241374326][bookmark: _Ref272333048][bookmark: _Toc272414679][bookmark: _Toc290846317][bookmark: _Toc343641696]The safety and reactogenicity of Nimenrix in comparison to other registered meningococcal vaccines and when co-administered with a number of childhood vaccines were discussed in detail in the CER (see Attachment 2 of this AusPAR). Higher rates of local reactions were observed with Nimenrix than with Mencevax ACWY and Meningitec but there appears to be no important difference when compared to Menjugate. Rates of local reactions were also higher for those who received Nimenrix after prior Mencevax ACWY. 
The rates of systemic symptoms were numerically higher in subjects vaccinated with Nimenrix versus those vaccinated with Meningitec and Menjugate but there was generally not much difference in the rate of systemic reactions when compared to Mencevax ACWY. The numbers with high fever were small but there was a higher rate of high fever in the Nimenrix group and this was also observed in the comparisons to Mencevax ACWY except in adults. 
The frequency of headache, fatigue and fever considered related to vaccination was higher in those who had prior exposure to Mencevax ACWY before Nimenrix. Nimenrix also appears to have slightly higher rates of unsolicited AEs when compared to licensed meningococcal C conjugate vaccines. In the youngest age group, the rate of unsolicited AEs with Nimenrix is higher than that with Mencevax ACWY. The unsolicited AEs were very scattered in nature and the differences in rates for AEs considered related to vaccine may have been affected by the open-label study designs. 
The SAEs did not show any important imbalances between treatment groups. There are few AEs reported under the term of hypersensitivity and there were also reports of AEs that might represent allergic reactions.
There were no deaths reported during the 31-day post-vaccination in any studies. During 6-month extended follow-up, 1 infant died of accidental drowning. From the 8108 Nimenrix vaccinated subjects, 29 (0.4%) reported SAEs within 31 days post vaccination. None of the SAEs reported in those under 2years and in the 2-5 year age group were considered vaccine related. In the 11-17 years age group, two SAEs (concussion and syncope) reported by 1 subject 8 days post-vaccination with Nimenrix and Twinrix vaccines (Study-037)were considered vaccine related. In the ≥ 18 year age group, 3 SAEs were considered vaccine related: abdominal pain and gastritis reported by 1 subject 5 days post-vaccination with Nimenrix (Study-035); and a SAE of blighted ovum reported by 1 subject 29 days post-vaccination with Nimenrix in Study-093.
Of 8108 subjects vaccinated with Nimenrix at the first study visit in the completed studies, only one subject withdrew because of a SAE (not related to vaccination), and 5 subjects withdrew due to non-serious AEs: one of these 5 was considered possibly related to vaccination, that is, grade 3 headache which began 2 days after vaccination, lasted in total 4 days and resolved without sequelae. 
Pregnancy was an exclusion criteria for participation, however a total of 38 pregnancies were reported during follow up. There was no deleterious safety signal in these very small numbers.
The safety of Nimenrix when administered concomitantly with Infanrix Hexa, MMRV, Twinrix, Flurarix and Synflorix was evaluated in a number of studies. 
Co-administration with MMRV (Priorix Tetra) was assessed in Study-039. There appears to be no impact on reactogenicity at either injection site. The rates of drowsiness and irritability were higher in the co-administration (co-ad) group versus the Priorix Tetra alone group. Fever and rash between days 5 and 12 post-vaccination were likely to be attributable to Priorix Tetra and were more frequently reported in the co-ad and Priorix Tetra groups than in the Nimenrix alone group. 
Co-administration with DTPa-HBV-IPV/Hib was assessed in Study-040. Nimenrix co-administered with Infanrix Hexa had a similar safety profile compared to Infanrix Hexa alone except for injection site redness and/or swelling which were less frequently reported in the co-ad group. There were increases in reported rates of general solicited symptoms in the co-ad group compared to Nimenrix alone.
Co-administration with Synflorix (10-valent pneumococcal vaccine) was evaluated in Study-080. Across all vaccine groups (co-ad or Nimenrix and Synflorix administered alone), pain and irritability were most commonly solicited AEs; grade 3 AEs were uncommon. The rate of fever was around 11.0-19.8% across the 3 vaccine groups.
Co-administration with hepatitis A and B vaccine was assessed in Study-037. The solicited reactogenicity data and other observed AEs did not reveal any safety concern with Nimenrix or Twinrix vaccines, either alone or in combination. Co-administration with either Fluarix in adults or Twinrix at various ages does not seem to be accompanied by higher reactogenicity. 
Overall, Nimenrix is more reactogenic than licensed meningococcal C conjugate vaccines, and for some types of symptoms, Nimenrix is more reactogenic than Mercevax. Nevertheless, the data did not reveal any significant safety concern that might preclude approval. In all age groups the most frequently observed local AEs post Nimenrix vaccination were pain, redness and swelling. The rates of some AEs were higher in those who had previously received ACWY-PS vaccine. There are currently no data on the safety of booster doses.
[bookmark: _Toc236802597][bookmark: _Toc241374335][bookmark: _Toc272414695][bookmark: _Toc290846333][bookmark: _Toc343641712]Clinical evaluator’s recommendation
The evaluator is of the view that the submitted data support the proposed use of Nimenrix: for active immunisation against invasive meningococcal disease caused by N. meningitidis serogroups A, C, W-135 and Y in individuals 1- 55 years of age. The vaccine is to be administered IM as a one-dose schedule. The other proposed use of Nimenrix is as a booster vaccination in subjects who have previously been vaccinated with a plain (that is, non conjugate) PS meningococcal vaccine. 
[bookmark: _Toc314842514][bookmark: _Toc375119736]Risk management plan
The submitted RMP has been evaluated by the OPR evaluator. The evaluator considers that the proposed use of routine risk minimisation is acceptable. The evaluator noted that the need for a booster dose for this vaccine has not been established and a number of persistence studies are planned or ongoing to address this issue. The sponsor was asked to confirm how they will plan to notify prescribers and patients if it is determined that a booster dose is needed in the future and to include such consideration in an amendment to the risk minimisation section of the ASA.[footnoteRef:21] [21:  The sponsor provided information on this point that was accepted by the OPR prior to a final decision being made on this application. ] 

Advice from the Advisory Committee on the Safety of Medicines
The ACSOM advised that the proposed routine pharmacovigilance is sufficient to monitor ongoing concerns for Nimenrix. The committee noted the relatively low prevalence of serogroup A, C, W135 and Y disease in Australia and that the uptake of Nimerix is not anticipated to be high. The committee advised that the main safety concern with Nimerix was that it appeared to be more reactogenic than other meningococcal C conjugate vaccines. 
There were a number of important potential risks associated with Nimenrix, however, ACSOM advised that many of these were theoretical risks and that the proposed pharmacovigilance activities would detect these events. The committee commented that if additional pharmacovigilance activities were considered necessary, the sponsor could undertake studies using methods such as linkage of healthcare databases and that such studies would be helpful to assess risks for rare potential AEs such as Guillain-Barré syndrome, however the committee could not see a reason to mandate such studies, particularly in the Australian context and with the anticipated usage. 
The committee advised that the proposed PI is sufficient as the sole risk minimisation activity provided it is read and used appropriately. The committee noted that the precautions in the PI are sufficiently clear and contain adequate information to elicit specialist attention in risk groups (such as immune compromised or asplenic patients). The committee advised that immunisation providers should be encouraged to read the PI and to communicate the information to individuals before any vaccine is administered. 
[bookmark: _GoBack]ACSOM advised that at present there is no evidence to support the inclusion of statements in the PI regarding any of the potential risks for which no risk minimisation is proposed. The committee noted that there was some evidence of injection site reactions, potentially associated with the TT carrier protein. However, the committee was not aware of any specific evidence about an elevated risk of injection site reactions for this vaccine and therefore advised that additional statements in the PI regarding this risk were not warranted. 
The committee noted that there is no specific evidence to suggest that Nimenrix is associated with the potential risks of acute disseminated encephalomyelitis, vasculitis, purpura and Guillain-Barré syndrome. If a statement regarding these potential risks were to be included in the PI, ACSOM advised that it should reflect that these events have been associated with similar vaccines and are a theoretical risk with Nimenrix. 
[bookmark: _Toc247691531][bookmark: _Toc314842515][bookmark: _Toc196046505][bookmark: _Toc196046949][bookmark: _Toc375119737]Risk-benefit analysis
Delegate considerations
The current registered meningococcal vaccines (including plain PS and conjugate vaccines) against serogroups A, W-135 and Y in Australia are indicated for people older than 2 years of age. No suitable vaccines against serogroup A, W-135 or Y are available for toddlers aged 12-23 months. It is known that for this age group, the plain PS meningococcal vaccines do not elicit a T-cell dependent immune response, do not primes the immune system, and may predispose to impaired immune responses to subsequent doses of plain or conjugated PS meningococcal vaccines. 
The efficacy of Nimenrix was inferred by demonstrating non-inferiority of bactericidal antibody responses to the licensed vaccines in subjects from 12 months of age. The vaccine response was assessed using a standard and validated SBA assay using rabbit complement. Confirmation of the vaccine response was obtained with further rSBA testing at another facility and hSBA data. The submitted data also shows that Nimenrix primes the immune system even in toddlers aged 12-15 months: the responses in toddlers to a challenge dose of plain PS (Study 014) suggest that Nimenrix is able to induce a T-cell-dependent immune memory against the four serogroups in this age group. In subjects who previously received unconjugated ACWY vaccine, Nimenrix elicits acceptable immune responses, although GMTs measured with rSBA were lower in subjects who had prior vaccination with unconjugated ACWY vaccine than in subjects who had not had any prior vaccination with meningococcal vaccine in the preceding 10 years (Study 021).
The experience with meningococcal C vaccines indicates the need to maintain a minimum titre of circulating bactericidal activity for continued protection. It remains unclear whether the same minimum titres would apply for all four meningococcal serogroups. At this stage, it is also not known how long the protective antibody levels will persist and whether and/or when booster doses may be needed. The sponsor has provided some antibody persistence data and has planned further studies assessing the persistence of the immune responses.
Although the submitted studies show that Nimenrix is immunogenic and primes the immune system even in toddlers aged 12-15 months, the confirmation of vaccine effect in toddlers in the intermediate and longer term will need to be further assessed. It is understood that the sponsor has plans to conduct studies exploring alternative immunisation schedules in this age group, evaluating antibodies persistence following a 1 or a 2 dose schedule and assessing the safety and immunogenicity of a booster dose.
In Nimenrix vaccinated subjects, there was a more rapid waning of hSBA against serogroup A than other serogroups (as measured at 12 months post-dose onwards). The clinical relevance of this finding is unknown. It is noted that this observation have been included in the PI.
Changes to the initially proposed PI have been recommended by various evaluation areas and additional changes are proposed by the Delegate. Details of these are beyond the scope of the AusPAR.
Proposed action
Based on the review of the submitted data, the Delegate proposes to approve the registration of Nimenrix for the indication below: 
Nimenrix is indicated for active immunization of individuals from 12 months to 55 years of age against invasive meningococcal diseases caused by Neisseria meningitidis serogroups A, C, W-135 and Y.
and Dosage and Administration as follows: 
Primary vaccination: A single 0.5 mL dose of the reconstituted vaccine is used for immunisation. 
Booster vaccination: Nimenrix may be given as a booster dose in subjects who have previously been vaccinated with a plain polysaccharide meningococcal vaccine. 
The need for a booster dose in subjects primed with Nimenrix has not been established. 
Nimenrix should be used in accordance with available official recommendations.
The final decision would be made post-ACPM taking into account the discussion and the advice from the ACPM meeting. 
If this application is approved, the implementation of the MenACWY-TT Vaccine EU-RMP (version 1, dated 15 February 2012, data lock point 15 September 2010) plus Australian-specific Annex (undated) will be imposed as a condition of registration; and the submitted EU-RMP is applicable without modification in Australia unless so qualified.
Request for ACPM advice
The Delegate proposed to seek general advice on this application from the ACPM and to request discussion of the following specific issues:
the overall benefits / risks balance of Nimenrix vaccination for active immunisation in individuals from 12 months to 55 years against invasive meningococcal diseases caused by Neisseria meningitidis serogroups A, C, W-135 and Y. 
the use of Nimenrix as a booster dose in subjects who have previously been vaccinated with a plain PS meningococcal vaccine. 
any other issues that the committee thinks may be relevant to a decision on whether or not to approve this application.
Response from sponsor
Summary
The company agrees to accept the TGA Delegates recommendation to approve Nimenrix for registration for the indication proposed below: 
Nimenrix is indicated for active immunisation of individuals from 12 months to 55 years of age against invasive meningococcal diseases caused by Neisseria meningitidis serogroups A, C, W-135 and Y. 
And for the Dosage and Administration proposed below: 
Primary vaccination: A single 0.5 ml dose of the reconstituted vaccine is used for immunisation. 
Booster vaccination: Nimenrix may be given as a booster dose in subjects who have previously been vaccinated with a plain PS meningococcal vaccine. The need for a booster dose in subjects primed with Nimenrix has not been established. Nimenrix should be used in accordance with available official recommendations. 
The company agrees to implement the MenACWY-TT Vaccine EU-RMP (version 2, dated 7 January 2013, data lock point 19 October 2012) plus Australian-specific Annex (undated) and any future updates as agreed with the TGA. 
Response to Delegates request for advice from ACPM
overall benefits / risks balance of Nimenrix vaccination for active immunisation in individuals from 12 months to 55 years against invasive meningococcal diseases caused by Neisseria meningitidis serogroups A, C, W- 135 and Y. 
Neisseria meningitidis (meningococcus) is the most common cause of bacterial meningitis in children and young adults with approximately 1.2 million cases per year and an estimated 135,000 deaths (WHO, 2001[footnoteRef:22]). Thirteen meningococcal serogroups are currently recognised, based on the immunochemistry of the capsular PS (Branham, 1953[footnoteRef:23]). Serogroups A, B, C, W-135, Y, and more recently X are the most common causes of invasive meningococcal disease worldwide. The dominant serogroups causing disease varies by region as the epidemiology of meningococcal disease is dynamic and the relative importance of the different serogroups changes with time. Invasive meningococcal disease is often rapidly fulminant. As a consequence, the disease is so rapidly progressive that antibiotics do not often have time to be effective. Vaccination has been considered as the most effective way of controlling disease.  [22:  World Health Organization (WHO). Epidemics of meningococcal disease, African meningitis. Wkly Epidemiol Rec. 2001; 37: 281-288.]  [23:  Branham SE. Serological relationships among meningococci. Bact Rev 1953;17:175-188.] 

The risk of meningococcal disease is inversely related to age with 49% of cases occurring in children two years and younger in the United States and in children of four years and younger in Europe (Anderson, 1998[footnoteRef:24]). Children younger than five years of age continued to experience the highest rates of invasive meningococcal disease (IMD; 5.95 per 100,000 population), followed by those aged 15–24 years (1.22 per 100,000). However, older children, adolescents and adults are more often affected during outbreaks and epidemics. Asplenic persons, individuals with complement deficiencies and people living in close proximity to others (such as college or university students and military recruits) have an increased risk of developing meningococcal disease (Van Deuren, 2000[footnoteRef:25]).  [24:  Anderson MS, Glode MP, Smith AL. Meningococcal disease. In: Feigin RD, Cherry JD, editor. Textbook of Pediatric Infectious Diseases. Philadelphia, PA:WB Saunders, 1998:1143-1156.]  [25:  Van Deuren M, Brandtzaeg P and vander Meer J. Update on meningococcal disease with emphasis on pathogenesis and clinical management. Clin Microbiol Rev.2000;13(1):144-166.] 

In Australia, although not all serogroups are prevalent, travellers coming back from endemic regions may subsequently spread the disease to close contacts, indicating that although the predominant serogroups vary with geographical region, in this global area outbreaks of any serogroup have the potential for rapid spread. 
Australian National surveillance data from 2010 indicated that 214 cases of meningococcal disease were recorded. The vast majority of laboratory-confirmed cases of meningococcal disease in Australia were of serogroup B (78%). Disease due to serogroup C, W135 and Y represented 7.5%, 4.2% and 3.3%, respectively, and no cases of serogroup A disease were reported. A small percentage of cases were not typeable. 
In Australia, routine MenC vaccination was implemented on the National Immunisation Program in 2003 for the 12 month immunisation encounter. Routine vaccination with MenACWY vaccines (PS and conjugate) is currently not recommended. There are however recommendations issued by the National Health and Medical Research Council (NHMRC) for the use of MenACWY PS vaccines in the following situations Canberra: Australian Government. 2008[footnoteRef:26]):  [26:  Meningococcal Disease, Section 3.12. In: Jelfs J, Macartney K, editors. The Australian Immunisation Handbook. 9th ed. Canberra: Australian Government; 2008. p. 213-222.] 

people who intend travelling to parts of the world where epidemics of group A, W-135 or Y disease are frequent; 
close contacts, above 2 years of age, of cases of serogroup A, W-135 or Y meningococcal disease; 
control of outbreaks caused by serogroup A, W-135 or Y; 
laboratory personnel who frequently handle Neisseria meningitides; 
those above 2 years of age with inherited defects of properdin or complement, or functional or anatomical asplenia; and 
pilgrims attending the annual Hajj (Saudi Arabian authorities require a valid certificate of vaccination as a condition to enter the country). 
Although meningococcal ACWY PS vaccines have been effective in prevention of group C disease and in controlling group A epidemics during mass campaigns in Africa, these vaccines offer only a relatively short-lived immunity and do not affect carriage rates or interrupt transmission of infection within a community. Furthermore, immune hypo‑responsiveness is observed after repeated vaccination with serogroup C PS vaccine. Finally, PS vaccines are poorly immunogenic in children less than 2 years of age, and do not induce immunological memory in people of any age. 
Conjugate vaccines can overcome limitations such as the inability to elicit immune memory against the capsule of the pathogen and hypo‑responsiveness following repeated doses of vaccine when sustained protection is needed. Effective conjugate vaccines have been successful in preventing meningitis and other invasive bacterial infections: the chemical conjugation of the PS to a protein carrier converts the T-cell independent response into a T-cell dependent anti-PS antibody response. The T-cell dependent response elicited by conjugate vaccines can occur in children less than 2 years of age and results in a strong anamnestic (memory). 
All conjugate vaccines designed to protect against invasive diseases caused by encapsulated bacteria such as Haemophilus influenza type b, Streptococcus pneumonia and serogroup C Neisseria meningitidis have successfully addressed the limitations of the plain capsular PS-based vaccines. 
The data provided in support of registration of Nimenrix demonstrate that Nimenrix has the typical features of the immune responses induced by conjugate vaccines, as concluded by the TGA Delegate and TGA clinical evaluator. 
In Australia, there is no suitable vaccine against serogroups A, W-135 or Y registered for toddlers aged 12-23 months. Therefore, Nimenrix with the supported Indication for use in all age groups from 1 year of age to 55 years of age has the potential to address the limitations of the existing quadrivalent PS meningococcal vaccines and allows the immunisation of young children in Australia. 
Vaccine efficacy for Nimenrix was inferred by demonstrating non-inferiority of bactericidal antibody responses to the licensed vaccines in subjects as of 12 months of age. The vaccine response was assessed using a standard and validated serum bactericidal assay using rabbit complement. Confirmation of the vaccine response was obtained with further rSBA testing at another facility and hSBA data generated by the sponsor. These methods comply with the WHO 2011 guidelines for registration of meningococcal vaccines, and as adopted by TGA. 
The safety data collected from over 7,000 subjects during the clinical programme provide strong evidence that Nimenrix is well tolerated and can be safely co-administered with vaccines routinely used in the different age groups in which the Indication is sought. 
In addition, the vaccine can be administered to subjects who were previously administered a dose of plain PS meningococcal vaccine, which is of interest for people either living in or travelling to endemic area. 
Therefore, Nimenrix is proposed for the active immunisation of individuals aged 12 months to 55 years of age against invasive meningococcal disease caused by N. meningitidis serogroups A, C, Y and W-135. Nimenrix offers protection to individuals at increased risk of meningococcal diseases (including travellers, overseas workers, military recruits and personnel) and also provides the opportunity of protecting adolescents (the age group with the highest carriage rates for N. meningitides) and children of 12 months and above, with a broadening of the serogroup coverage in countries in which MenC conjugate vaccination is implemented for children or adolescents. 
the use of Nimenrix as a booster dose in subjects who have previously been vaccinated with a plain PS meningococcal vaccine. 
The sponsor acknowledges that the term “as a booster dose” suggests that the administration of Nimenrix in subjects previously vaccinated with plain PS meningococcal vaccine represents a booster dose. However, the immune response following plain PS vaccination is not considered boostable given the T-cell independent nature of the immune response to a plain PS vaccine. 
Therefore, the sponsor proposes to rephrase the sentence in the Dosage and Administration section of the PI as follows: “Nimenrix may be given in subjects who have previously been vaccinated with a plain PS meningococcal vaccines.” 
Risk management plan 
The sponsor notes the comments from the OPR relating to the RMP and would like to provide the following clarifications. 
The Delegate notes that: “As risk minimisation for the important missing information ‘long term persistence of the vaccine response and need for a booster dose’ the sponsor should confirm how they plan to notify prescribers and therefore patients if it is determined that a booster dose is needed in the future. Such consideration should be included in an amendment to the risk minimisation section of the ASA.”
The sponsor clarified that it does commit to notify prescribers as appropriate, as soon as additional long term persistence data and the need for a booster dose becomes available and is approved by the TGA for inclusion in the PI. The manner of informing prescribers can take various forms. GSK would assess at that time the best way to communicate the information. 
If this proposal is acceptable to the RMP evaluator, GSK proposes to amend the ASA to the RMP such that this commitment would be stated therein.[footnoteRef:27]  [27:  RMP evaluator response: It is acceptable to the TGA if the sponsor commits to notifying prescribers and the TGA as soon as the additional long term persistence data and the need for a booster dose become available. Please add this commitment to the Australian Specific Annex as proposed.] 

Conclusion
The sponsor has agreed to the Delegates recommendations to approve the proposed registration of Nimenrix. 
The PI has been updated to include the text as suggested by the evaluator.[footnoteRef:28]  [28:  Details of revisions to product literature including the PI are beyond the scope of the AusPAR.] 

Advisory committee considerations
The Advisory Committee on Prescription Medicines (ACPM), having considered the evaluations and the Delegate’s overview, as well as the sponsor’s response to these documents, advised the following:
The ACPM, taking into account the submitted evidence of efficacy, safety and quality, agreed with the Delegate and considered Nimenrix powder for injection containing the new biological entity meningococcal PS (5 µg each of serogroups A, C, W-135 and Y) conjugated to a total of 44 µg TT to have an overall positive benefit–risk profile for the indication as proposed by the sponsor; 
Nimenrix is indicated for active immunisation of individuals from the age of 12 months through 55 years against invasive meningococcal diseases caused by Neisseria meningitidis serogroups A, C, W-135 and Y
Proposed conditions of registration:
The ACPM agreed with the Delegate on the proposed conditions of registration. 
Proposed PI and CMI amendments: 
The ACPM agreed with the Delegate to the proposed amendments to the PI and CMI.
The ACPM advised that the implementation by the sponsor of the recommendations outlined above to the satisfaction of the TGA, in addition to the evidence of efficacy and safety provided would support the safe and effective use of this product. 
[bookmark: _Toc247691532][bookmark: _Toc314842516][bookmark: _Toc375119738]Outcome
Based on a review of quality, safety and efficacy, TGA approved the registration of Nimenrix meningococcal (Groups A, C, W-135, Y) polysaccharide tetanus toxoid conjugate vaccine, injection vial and diluent ampoule or diluent prefilled syringe, indicated for:
Nimenrix is indicated for active immunisation of individuals from the age of 12 months through 55 years against invasive meningococcal diseases caused by Neisseria meningitidis serogroups A, C, W-135 and Y. 
Specific conditions applying to these therapeutic goods
The Nimenrix Meningococcal (Groups A, C, W-135, Y) Polysaccharide Tetanus Toxoid Conjugate Vaccine Risk Management Plan EU-RMP (Version I, dated 15 February 2012, data lock point 15 September 2010 +/- Australian-Specific Annex (AsA Version 3.0, August 2013) and any future updates, included with submission PM-2012-01958-3-2, and any subsequent revisions, as agreed with the TGA will be implemented in Australia.
Batch release testing by the TGA Office of Laboratories and Scientific Services.[footnoteRef:29] [29:  Specific details of these conditions and of other conditions of registration for therapeutic goods are beyond the scope of the AusPAR.] 

[bookmark: _Toc247691533][bookmark: _Toc314842517][bookmark: _Toc375119739]Attachment 1.	Product Information
The Product Information approved at the time this AusPAR was published is at Attachment 1. For the most recent Product Information please refer to the TGA website at <http://www.tga.gov.au/hp/information-medicines-pi.htm>.
[bookmark: _Toc375119740]Attachment 2. Extract from the Clinical Evaluation Report
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MenACWY-TT- Phase I1I, randomised, partially double-blinded, coptrelled. Primary objectives: Lot-to-lot consistency of three Adults ‘MenACWY-TT gp (LotA)
035 (4 study centresin | consecutively manufactured lots of MenACWY-TT. Non-inferiority of the vaccine response induced by the MenACWY-TT | (18-55yrs | MenACWY-TT gp (Lot B)
Philippines, (vs. 3 manufactured lots pooled) vs. Mencevax ACWY. Non-inferiority of immunogenicity induced by MenACWY-TT (lot | ofage) MenACWY-TT gp (Lot C)
Lebanon) A) co-administered with Fluarix compared to MenACWY-TT (lot A in the Fluarix co-administration cohort) alone. Mencevax ACWY gp
MenACWY-TT gp (Lot &) +
Immunogenicity of MenACWY-TT conjugate vaccine (lot A) co-administered with Fluarix with respect to the humoral Fluarix (only recruited in the
immune response (anti-hemagglutinin) to influenza antigens criteria as defined by the CPMP. Philippines)
keyinclusion criteria__| Healthy subjects aged 18-55 yrsold
key exclusion criteria | History of meningococcal disease; previous vaccination with meningococcal PS vaccine (plain)ofserogp A, C W and/or Y within the last five yrs; previous vaccination
with meningococcal PS conjugate vaccine of serogp A, C W and/or Y. Any allergy to any component of vaccine; pregnant or lactating; immunodeficiency. Previous
wvaccination with tetanus toxoid within the last month;
Additional exclusions for those receiving Fluarix as well: History of hypersensitivity to a previous dose of influenza vaccine or allergy to any component including egg;
History of administration of an influenza vaccine outside of this study, during current (2007 southern hemisphere) flu season.
‘methodology/data Planned 1352; 3: ‘randomisation; single vaccine on Day 1 ; pre & post (Day 30) vaccination bloods for inmunogenicity assessment (rSBA and hSBA titres, GMTs),
collection/statistics mth6 visit (safety only); diary cards Days 0-4 (solicited local & systemic reactions). Unsolicited symptoms captured Days 0-30 post vax. Descriptive demographics across
gps. GMC/T and % of subjects with antibody concentrations/titres above proposed cut-offs (21:8 and >1:128 for rSBA and >1:4 and >1:8 for hSBA) calculated with their
959% CIs for each antibody measured at each blood sampling time point. Serum TT and influenza HI titres. P-values <0.05 used as an indicator of possible differences
between gps. Exploratory analyses for younger and older age gps i.e. 18-25 yrs and 26-55 yrs. For Safety analysis plan see details as per summary in Section 8.1
enrolled/analysable Number of subjects Total ACWY_A ACWY_B ACWY_C MenPS ACWY+
population Planned 1352 312 312 312 312 104
Enrolled 1352 311 311 313 312 105
Completed (active stage) 1333 305 306 307 310 105
Completed (ESFU) 1321 208 307 302 309 105
Total vaccinated cohort 1352 311 311 313 312 105
ATP cohort for safety 1342 309 310 312 306 105
ATP cohort forimmunogenicity 1284 207 202 296 204 105
results Demographics: comparable; mean age, 35.5 yrs with even distribution across these age strata;18-25, 26-35, 36-45 and 46-55 yrs; 44.7% female; racial distribution

comparable in the ACWY_A, ACWY_B, ACWY_Cand MenPS gps. The population =74.3% to 75.2% of Asians of South east Asian heritage and 24.8-25.6% White -

Arabic/North African heritage. Fluarix cohort 100% South east Asian, with the exception of a single subject in ACWY_F gp who was a Native Hawaian/ Pacific Islander.

As>5% of enrolled subjects with serological results 1 month post vaccination excluded from the ATP cohort, additional analysis based on the TVC

inPooled lots and Lot-to-lot analysis to complement the ATP analysis. For the Fluarix cohort analysis, > 9% of enrolled subjects retained in the ATP cohort for

immunogenicity sono supplementary analysis was performed.

Lot-to-lot consistency of three lots of MenACWY-TT conjugate vaccine

+  lot-to-lot consistency demonstrated with respect to the rSBA GMTs for Men-4, C, W-135;

+  ThelLL ofthe 95% CI for the difference between the ACWY-TT and (minus) the MenPS gp in the % of subjects with vaccine response was above the pre-specified non-
inferiority limit of -10%, hence non-inferiority of MenACWY-TT vs. Mencevax ACWY demonstrated;

+ Non-inferiority of MenACWY-TT co-administered with Fluarix vs. MenACWY-TT alone For rSBA-Mena, rSBA-MenW-135 and rSBA-MenY, the UL of the two-sided 95%
Clon the GMT ratio was lower than 2.0. However for rSBA-Men, the UL was 2.03. hence in regards to this serotype MenACWY-TT co-administered with Fluarix was
INFERIOR to MenACWY-TT administered alone;

99.8% of ACWY-TT gp had rSBA titres 21:8 and 98.9% had rSBA titres >1:128 vs. 99.3% MenPS gp with rSBA titres >1:8 and 98.0% with rSBA titres 21:128;
In the Fluarix cohort, 99.0% of the subjects in the ACWY-+F gp had rSBA titres >1:8 and 97.1% had rSBA titres >1:12i
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'+ Pooledlots analysis, increase in rSBA GMTs was >20.1-fold for serogps A, W-135 and Y in the ACWY-TT gp and >9.8-fold for the same serogps in the MenPS gp. A
higher increase was observed for serogp C, with a 108.5-fold and an 80.8-fold increase in the ACWY-TT and MenPS gps respectively;

«  Inthe Fluarix cohort, similar trends observed BUT, the increase in the ACWY-+F gp was lower than in the ACWY alone gp, especially for serogp C where it was 47.3-
fold (compared to 100.5-fold in the ACWY_F gp and 73.2-fold in the MenPS_F gp).

+__HItitre 21:40 was >70% for all three strains in Fluarix.

safety summary

Performed on TVC. No deaths; 8 SAE (none in ACWY-F gp) - Two SAEs of abdominal pain and gastritis reported in a single subject considered yvaccine related; 4

pregnancies, 1 premature delivery not considered vaccine-related; no NOCI; no withdrawal due to AE.

dlocal AE:

+  Painmost frequently reported ie. 19.4% of ACWY-TT gp, 27.0% of ACWY_F gp, 21.9% and 27.6% in the ACWY+F gp at the MenACWY-TT and atthe Fluarix
vaccination sites respectively; 13.5% in the MenPS gp and 15.4% in the MenPS_F gp). Grade 3 solicited local symptoms were reported very infrequently (<2%);

Solicited general AE:

Headache was the most frequently reported general symptom in each gp i.e. 16.3% in the ACWY-TT gp, 15.1% in the ACWY_F gp, 14.2% in the MenPS gp, 11.5% in the

MenPS_F gp and 13.3% in the ACWY+F gp. Grade 3 solicited general symptoms were reported in 1.6% or fewer of subjects in each gp.

Unsolicited AEs:

14.4% in the ACWY-TT gp, 15.1% in the MenP$ gp, 12.4% in the ACWY+F gp, 16.1% in the ACWY_F gp and 19.2% in the MenPS_F gp. The most frequently reported

unsolicited symptom was upper respiratory tract infection in the ACWY-TT, ACWY+F and ACWY_F gps (all <4%) and headache in the MenPS and MenPS_F gps (all <4%).

SpecificAEs:

Rash (1.1% in the ACWY-TT gp and 1.0% in the MenPS gp).

‘evaluator’s comments
onstudy design and
findings

‘Well designed, properly powered. Positive risk/benefit ratio of MenACWY-TT. conjugate vaccine, given alone or concomitantly with Fluarix. No negative or.
positiveinteraction between the MenACWY-TT vaccine and the Fluarix vaccine in terms of humoral immune response to either MenACWY-TT conjugate
vaccine of the humoral immune response (anti-hemagglutinin) to influenza antigens. The one exception was in the rSBA responses to Men-C which were lower
when MenACWY-TT was co-adminstered with Fluarix,this finding is hard to explain.
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MenACWY-TT-
036 (India (N=4),
Taiwan (N=2),

the Philippines (N=1))

‘Phase I1I, randomised, open, controlled: Co-primary objectives: Adolescents | MenACWY-TTgp

1. Non-inferiority of vaccine response induced by MenACWY-TT vs. Mencevax ACWY; (11-17yrs | Mencevax ACWY gp

2. Non-inferiority of MenACWY-TT vs. Mencevax ACWY in terms of any grade 3 general symptom old) Bothgps were stratified according to three
(solicited/unsolicited) <4 days post vaxbased on analysis of pooled safety and reactogenicity data age strata: subjects aged: 11-13 yrs; 14-15 yrs;
ofthis study and MenACWY-TT-035). 16-17 yrs

keyinclusion criteria

Healthy subjects aged 11-17 yrsold

key exclusion criteria

History of meningococcal disease; previous vaccination with meningococcal PS vaccine (plain)of serogp A, CW and/or Y within the last five yrs; previous vaccination
‘with meningococcal PS conjugate vaccine of serogp A CW and/or Y; pregnant or lactating immunodeficiency; previous vaccination with TT within the last month.

‘methodology/data
collection/statistics

‘Planned 1020; 3:1 randomisation stratified by the age gps detailed above; single vaccine Day 0 IM for MenACWY-TT, SC for Mencevax ACWY ; pre & post (Day 30)
vaccination bloods for immunogenicity assessment, mth 6 visit (safety only); diary cards for completion Days 0-4 (solicited local and systemic reactions). Unsolicited
symptoms captured Days 0-30 post vax. Descriptive demographics across gps. GMC/T and % of subjects with antibody concentrations/titres above proposed cut-offs i.e.
TSBA 21:32 in those initially seronegative (<1:8) or a 4-fold increase in those initially seropositive) calculated with their 95% Cls for each antibody measured at each
sampling time point.

Criterion for non-inferiority: For each serogp separately, the LL of the two-sided standardised asymptotic 95% CI for the gp difference (MenACWY-TT minus Mencevax
ACWY) in the % with bactericidal vaccine response was >pre-defined clinical limit of -10%. P-values <0.05 used as an indicator of possible differences between gps.

For each solicited symptom, % subjects with the symptom and its exact 95% CI summarised by vaccine gp. The % of subjects reporting unsolicited symptoms <31 days
following the vaccination summarised by vaccine gp according to MedDRA preferred term; % of patients with solicited symptoms <4 days post vax. For the purpose of
analysis of the second primary objective, data from this study pooled with that from MenACWY-TT-035 - see above, In the pooled analysis of safety, a total of 2272
subjects (1704 MenACWY-TT recipients and 568 Mencevax ACWY recipients) were to be included. Criterion for non-inferiority: The UL of the two-sided standardised
‘asymptotic 95% CI for the ratio of the %of subjects with any grade 3 general symptom (solicited/unsolicited) (MenACWY-TT over Mencevax ACWY) was lower than or
equal to the pre-defined clinical limit of 3.0.

enrolled/analysable
population

‘Planned: 1024 subjects (ACWY-TT gp: 768; MenPS gp: 256); Pooled analysis: 2272 subjects (ACWY-TT gp: 1704; MenPS gp: 568); Enrolled: 1025 subjects (ACWY-TT gp:
768; MenPS gp: 257); Pooled analysis: 2272 subjects (ACWY-TT gp: 1703; MenPS gp: 569); Completed: 1016 subjects (ACWY-TT gp: 762; MenPS gp: 254); Pooled analysis:
2232 subjects (ACWY-TT gp: 1669; MenPS gp: 563); Safety: TVC: 1025 subjects (ACWY-TT gp: 768; MenPS gp: 257); Pooled analysis: 2272 subjects (ACWY-TT gp: 1703;
MenPS gp: 569); Immunogenicity: ATP cohort: 1012 subjects (ACWY-TT gp: 760; MenPS gp: 252)

results

Demographics: Study MenACWY-TT-036
ATP cohort for immunogenicity: mean age 14.3 yrs (11-17 yrs); 33.6%, 33.6% and 32.8%, respectively in the age strata 11-13, 14-15, and 16-17 yrs of age. Entirely Asian:
Central/South Asian (38.2%), South East Asian (39.0%) and East Asian (22.7%). Females 53.6%; 46.4%.
Pooling of TVC from both studies MenACWY-TT-035 and MenACWY-TT-036
Mean age ACWY-TT and MenP$ gps, 25.8 and 25.6 yrs, respectively; ages ranged from 10-55 yrsand from 11-55 yrs, respectively. Majority were Asian, with similar
distributions over the heritage categories in the two pooled vaccine gps. F;M ratio #1:1 in both pooled vaccine gps.
+ ThelLL ofthe 95% CI for the difference between the ACWY-TT and (minus) the MenPS gp in the % of subjects aged 11-17 yrswith vaccine response to each serogp
was greater than the pre-specified non-inferiority limit of -10%, hence non-inferiority was demonstrated;
99.6-100% of both vaccine gps had rSBA titres 21:128 to all 4 serotypes;
exploratory analyses indicated that rSBA GMTs for A, Y, and W-135 (NOT C) were significantly higher in the ACWY-TT gp vs. MenPS gp;
+__anti:TT GMC increased 26.2-fold, seroprotection increased to 97.8% one month post MenACWY-TT vaccination gp only (as expected).

safety summary

Tnthe pooled analysis of safety, a total of 2272 subjects (1704 MenACWY-TT recipients and 568 Mencevax ACWY recipients) were to be included
No deaths; no withdrawal due to AE; No NOC; 5 SAE (hospitalisation) none considered vaccine-related.

Overallincidence of AEs:
‘The overall AE with MenACWY-TT and Mencevax ACWY gp was 41.8% in the ACWY-TT gp and 40.9% in MenPS gp, respectively. Grade 3 symptoms (solicited and
unsolicited) were observed in 3.4% of subjects in the ACWY-TT gp vs. 0.4% of subjects in the MenPS gp.

Solicited local AE:

+__ Painmost frequently reportedsolicted AE ie. 26.2% of ACWY-TT gp, 26.8% in the MenPS gp. Grade 3 solicited local symptoms were reported uncommonly in 0.3-
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1.2% of subjects in the ACWY-TT gp and no subjects in the MenPS gp. This difference was driven by the incidence of redness (all cases regardless of intensity)
(12.3% in the ACWY-TT gp vs. 6.3% in the MenPS gp; p =0.0075).

Solicited general AE: Fatigue and headache were the most frequently reported general symptoms range 14.2% to 14.3% and 10.6% to 13.4%, respectively). Grade 3
solicited general symptoms were reported in 0.0% to 0.9%.

SpecificAdverse Events: Rash <1% in either gp.

Unsolicited Adverse Events;9,4% in the ACWY-TT gp, 10.1% in the MenPS gp. Grade 3 event in one subject in each vax gp, neither considered related.
‘evaluator’s comments on

study design and findings: Further data in properly designed and powered study, for immunogenicity of the quadrivalent conjugate Men vaccine vs. the plain PS vaccine.
Amarginal increase in grade 3 general symptoms (solicited/unsolicited) during the 4-day post-vaccination period (UL of 95% CI = 3.0024) in those in receipt of ACWY-TT using pooled analysis -
difference driven by injection site redness.

publication

NBermal, LM Huang, AP Dubey, et al. Safety and immunogenicity of a tetravalent meningococcal serogps A, C, W-135 and Y conjugate vaccine in adolescents
and adults. Hum Vaccin. 2011;7(2):239-247.
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MenACWY-TT-
037 (Sweden (N=5),
Denmark (N=1))

‘Phase I1I, randomised, open, gonirgllsd. Co-primary objectives: ‘Adolescents
1 (1117 yrsof
2 age)

keyinclusion criteria

Healthy subjects aged 11-17 yrsold

key exclusion criteria

‘History of hepatitis A, hepatitis B infection or meningococcal disease; previous vaccination with meningococcal PS vaccine (plain)ofserogp A, CW and/or Y within the
lastfive yrs; previous vaccination with meningococcal PS conjugate vaccine of serogp A, CW and/or Y; pregnant or lactating; immunodeficiency; previous vaccination
with TT within the last month; previous vaccination with hepatitis A and/or hepatitis B vaccine; serological evidence of prior infection with hepatitis A or B.

‘methodology/data
collection/statistics

Planned 600; subjects randomised (3:1:1) within each age stratum (11-13 yrs; 14-15 yrs; 16-17 yrs) to one of the three parallel gps to receive the vaccination schedule as
follows:

ne dose MenACWY-TT at Month 0 + one dose of Twinrix* at Mths 0, 1 and 6;
: one dose of MenACWY-TT at Month 0;

*Twinrix Junior for subjects 11-15 yrs of age and Twinrix Adult for subjects 16-17 yrs of age.

Blood samples at screening, pre-vax (mth 0), post-vax Month 1 (Co-ad gp and ACWY-TT gp for meningococcal PS 4, C, W-135, Y and TT antibody determination), and post-
vaxMonth 7 (Co-ad gp and ACWY-TT gp for meningococcal PS A, C, W-135 and Y antibody determination, and Co-ad gp and Twinrix gp for hepatitis A and HBSAb). Diary
cards for completion Days 0-4 (solicited local and systemic reactions). Unsolicited symptoms captured Days 0-30 post vax. Descriptive demographics across gps. GMC/T
and % of subjects with antibody concentrations/titres above proposed cut-offs i.e. rSBA 21:32 i those initially seronegative (<1:8) or a 4-fold increase in those initially
seropositive) calculated with their 95% Cls for each antibody measured at each sampling time point.

Criterion for non-inferiority: For each Men-serogp separately, the LL of the two-sided standardised asymptotic 95% CI (CI) for the gp difference on the ratio of rSBA
GMTsbetween MenACWY-TT co-administered with Twinrix and (over) MenACWY-TT was 20.5. At one month post Dose#3 of Twinrix (Month 7), in subjects in the Co-ad
gpand the Twinrix gp: non-inferiority of the MenACWY-TT conjugate vaccine co-administered with Twinrix vs. Twinrix alone with respect to the % of hepatitis A immunity
(anti-HAV concentration > 15 mIU/mL) and the % of hepatitis B immunity (anti-HBs concentration 10 mIU/mL). For seroconversion for hepatitis A and seroprotection for
‘hepatitis B one month after the last Twinrix dose (i.e. post-vaccination III), the LL of the two-sided standardised asymptotic 95% CI for the gp difference (MenACWY-TT co-
‘administered with Twinrix minus Twinrix) in the percentage of subjects with vaccine seroconversion/seroprotection was = -10%. P-values <0.05 used as an indicator of
possible differences between gps.

Safety: For Safety analysis plan see details as per summary in Section8.1

enrolled/analysable
population

‘Planned: 600 subjects (Co-ad gp: 360; ACWY-TT gp: 120; Twinrix gp: 120); Enrolled: 611 subjects (Co-ad gp: 367; ACWY-TT gp: 122; Twinrix gp: 122)
Completed: 609 subjects (Co-ad gp: 367; ACWY-TT gp: 122; Twinrix gp: 120); Safety: TVC: 611 subjects (Co-ad gp: 367; ACWY-TT gp: 122; Twinrix gp: 122);
Immunogenicity: According-to-protocol (ATP) coho
« ATP cohort for immunogenicity post dose 1: 594 subjects (Co-ad gp: 360; ACWY-TT gp: 115; Twinrix gp: 119)

- ATP cohort for immunogenicity post dose 2 & 3: 549 subjects (Co-ad gp: 335; ACWY-TT gp: 113; Twinrix gp: 101)

results

Demographics: ATP cohort for immunogenicity: mean age 14.3 yrs (11-17 yrs); 68.7% 11-15 and 31.3%, 16-17 age; predominantly White/Caucasian (98.3%); 52.9% of

the subjects were female. The demography of the ATP cohort for immunogenicity post dose 2 & 3 similar to that of the ATP

‘gohort for immunogenicity post dose 1.

Immunogenicity analysis was performed on ATP cohort for immunogenicity (primary analysis) post dose 1 and post dose 2 &3, Since >5% of the vaccinated subjects were

not eligible for inclusion in ATP cohort for analysis of immunogenicity post dose 2 &3, a second analysis based on the TVC was performed to complement the ATP

analysis.

+ non-inferiority was demonstrated; one mth post MenACWY-TT vaccination +/- Twinrix, 98.3-100.0% of subjects had rSBA titres 21:128;

+  relative to the evaluations one month post MenACWY-TT vax, levels decreased but despite this, rSBA GMTs at Month 7 were still higher than prior to vaccination in
both vaccine gps; percentage of subjects with rSBA titres 21:128 remained high (95.2-100.0%);
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‘anti-TT seroprotection increased to 99.7% and 100% one month post Co-Ad and MenACWY-TT;
Since the LL of the standardised asymptotic 95% CI computed for the gp difference in the percentage of subjects with seroconversion/seroprotection for hepatitis
A/hepatitis B, respectively, was greater than -10% (the per-protocol pre-specified non-inferiority limit), the non-inferiority of the MenACWY-TT vaccine co-
‘administered with Twinrix as compared to the Twinrix vaccine administered alone was demonstrated;

+  All subjects receiving Twinrix vaccine alone or co-administered with MenACWY-TT seroconverted for hepatitis A. Seroprotection rates against hepatitis B ranged from
99.1-100.0% of those receiving Twinrix vaccine (Co-ad gp and Twinrix gp). No statistically significant differences between the two vaccine gp in terms of anti-HAV or
anti-HBs GMCs.

safety summary

No deaths; no withdrawal due to AE; 5 SAE, one subject in the Co-ad gp reported two SAES (concussion & syncope), onset 8 days post dose 1 - considered to causally

related to vaccination.

Overallincidence of AEs: Overall AE at 1 mth post-vax with MenACWY-TT and Dose #1 Twinrix was 75.5% in Co-ad gp, 66.4% in ACWY-TT gp, and 64.8% in Twinrix gp.

Co-ad gp subjects reported symptoms after 57.3% of the doses compared to 52.5% of the doses in the Twinrix gp. Grade 3 symptoms observed post dose #1 in 9.5% of

those in Co-ad gp vs. 5.7% of those in the ACWY-TT gp and 1.6% of subjects in the Twinrix gp.

Solicited local AE:

+  Painmost frequently reported solicted AE i.e. 49.6.2% and 48.7% of the Co-Ad gp and MenACWY-TT gp at the ACWY-TT injection site respectively;

« After dose #1 of Twinrix vaccine, pain reported at the Twinrix injection site in 39.2% of subjects in Co-ad gp and in 43.0% of subjects in Twinrix gp. Grade 3 pain in
any vaccine gp after dose #1 ranged between 0.8-1.9% or in the Co-ad and Twinrix gps after doses 2and 3 was between 0.6-3.4%;

« incidence of grade 3 pain (after Dose #3) was significantly higher in the Twinrix gp than in the Co-ad gp (p=0.0155)

Solicited general AE: Fatigue and headache were the most frequently reported general symptoms range 21.8% to 27.7% after the first dose, and 11.0% to 19.8%

following doses #2 & 3. Grade 3 solicited general symptoms were reported in 0% to 2.6% across the three vaccine gps. There were no statistically significant differences,

except for a higher incidence of grade 3 related fatigue overall in the Co-ad gp vs. Twinrix gp (p = 0.0466).

Unsolicited Adverse Events: 16.9% in Co-ad gp, 10.7% in ACWY-TT gp and 14.8% of subjects in Twinrix gp after the Dose #1. After doses #2 &3, occurrence of unsolicited

AEs comparable in both Co-ad (7.1% and 14.2%, respectively) and Twinrix gps (5.7% and 13.1%, respectively). Grade 3 events as well as events considered related to

vaccination were infrequent.

SpecificAEs:NOCI (1.4% in Co-ad gp; 1.6% in Twinrix gp); rash (1.4% in Co-ad gp; 0.8% in Twinrix gp).

‘evaluator’s comments on study design and findings: A well designed and powered study. Some loss to follow up after Dose 1. Co-administration of the Hepa A+B vaccine with the MenACWY-TT did
not seem to impact on immunity in either direction. Safety: some increase in fatigue in Co-Ad arm but overall well tolerated in both. Study provided further data on immune persistence out to 7 mths
post vaccination for all 4 men-serotypes.
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MenACWY-TT-
093 (The Philippines
(N=1), Thailand (N=1),
Panama (N=1)

‘Phase I1l, partially-blinded, randomised, contralled. Co-primary objectives: Non-inferiority of Adults MenACWY-TT Lot A (ACWY-A gp: commercial
MenACWY-TT Lot A compared to Mencevax ACWY in terms of vaccine response to N. meningitides serogp | (18-25yrs | lot)

ACW-135and Y. ofage) MenACWY-TT Lot B (ACWY-B gp: clinical lot)
Demonstration of comparability of MenACWY-TT Lot Aand Lot B in terms of GMTs for N. meningitidis Mencevax ACWY (MenP$ gp).

serogp A, C, W-135 and Y.

keyinclusion criteria

Healthy subjects aged 18-25 yrsold

key exclusion criteria

History of meningococcal disease; previous vaccination with meningococcal PS vaccine (plain)of serogp A, C W and/or Y within the last five yrs; previous vaccination
with meningococcal PS conjugate vaccine of serogp A CW and/or Y; pregnant or lactating immunodeficiency; previous vaccination with TT within the last month.

‘methodology/data
collection/statistics

Planned 1170; 1:1:1 randomisation, single vaccine Day 0 IM for MenACWY-TT, SC for Mencevax ACWY ; pre & post (Day 30) vaccination bloods for immunogenicity
‘assessment, mth 6 visit (safety only); diary cards for completion Days 0-4 (solicited local and systemic reactions). Exploratory sub-cohort provided additional blood
samples prior to and 10-14 days post-primary vax for exploratory analyses. Unsolicited symptoms captured Days 0-30 post vax. Descriptive demographics across gps.
GMC/T and % of subjects with antibody concentrations/titres above proposed cut-offsi.e. rSBA 21:32 in those initially seronegative (<1:8) or a 4-fold increase in those
initially seropositive) calculated with their 95% CIs for each antibody measured at each sampling time point.

Criterion for non-inferiority: For each serogp separately, the LL of the two-sided standardised asymptotic 95% CI for the gp difference (MenACWY-TT Lot A minus
Mencevax ACWY) in the percentage of subjects with bactericidal vaccine response was pre-defined clinical limit of -10%. P-values <0.05 used as an indicator of possible
differences between gps. Criterion for non-inferiority: Non-inferiority of MenACWY-TT Lot A versus MenACWY-TT Lot B was demonstrated if the UL of the two-sided 95% Cls
onthe rSBA GMT ratios (GMTs of MenACWY-TT Lot B over the GMTs of MenACWY-TT Lot A) was below a limit of two-fold for antibodies against all meningococcal serogps.

For Safety analysis plan see details as per summary in Section8.1

enrolled/analysable
population

‘Planned: 1170 healthy subjects 18-25 yrs of age (390 per treatment gp), with an exploratory sub-cohort of 36 subjects (12 in each treatment gp), which were the first 36
subjects enrolled at the Filipino site; Enrolled: 1172 subjects; Completed: 1153 subjects; Safety: According-to-protocol (ATP) cohort for safety: 1158 subjects;
Immunogenicity: ATP cohort for immunogenicity: 1138 subjects

results

‘Demographics: all 3 gps in the ATP cohort for immunogenicity comparable with respect to age and ethnicity. Mean age 20.7 yrs (18-25 yrs); F;M ratio 1.14 except for the

ACWY-B gp (ratio 1.39); 68% of subjects from all three gps were Asian/South East Asian. Demographic characteristics of the TVC similar to those for the ATP cohort for

immunogenicity.

+ ThelLL ofthe 95% CI for the difference between the ACWY-TT Lot A vs. MenPS gp in the % of subjects with vaccine response to each serogp was greater than the pre-
specified non-inferiority limit of -10%, hence non-inferiority was demonstrated;

+_ LotAand LotB of MenACWY-TT were non inferior in regard to immune response to all 4 serotypes at 1 mth.

safety summary

No deaths; no withdrawal due to AE; No NOCI; 2 SAE, one in ACWY-B gp (blighted ovum) considered as related to vaccine.
Overallincidence of AEs;The overall AE was 70.5%, 70.3% and 60.0% of subjects in the ACWY-A, ACWY-B and MenP$ gps, respectively. Grade 3 symptoms (solicited and
unsolicited) observed in 3.8%, 4.1% and 1.8% of subjects in ACWY-A, ACWY-B and MenPS gps, respectively.

Solicited local AE: Pain at injection site most frequently reported solicited AE i.e. 53.9%, 54.7% and 36.8% of subjects in the ACWY-A, ACWY-B and MenPS gps,
respectively. Grade 3 pain reported uncommonly in 0.8-2.1% of subjects across all vaccine gps.

Solicited general AE: Fatigue in 28.6-30.3%; headache 26.9% to 31.0% and gastrointestinal symptoms by 11.2% to 13.0% of subjects across the three vaccine gps fever
237.5°C ranged from 6.0% to 7.3% across the three vaccine gps. No subjects reported fever above 39.5°C. Grade 3 solicited general symptoms causally related to vaccine
were reported uncommonly.

Unsolicited Adverse Events: 26.4%, 24.1% and 22.1% subjects in the ACWY-A, ACWY-B and MenPS gps reported unsolicited AE. Grade 3 events in 3.1%,3,6% 18%
subjects in the ACWY-A, ACWY-B and MenPS gps, respectively. Unsolicited symptoms related to vaccination reported in 6.2%, 3.8% and 4.4% in the ACWY-A, ACWY-B
and MenPS gps, respectively.

evaluator’s comments on study design and findings: appropriately designed study to test immune responses to commercial vaccine; no emergent safety signal
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MenACWY-TT-038
(India (N=4): Lebanon,
Philippines, Saudi
Arabia (1 site each)

‘Phase 111, open, randomised, controlled. Primary objectives: Non-inferiority of MenACWY-TT vs. Mencevax ACWY in Children Gp MenACWY-TT
terms of the incidence of any grade 3 systemic symptoms. Non-inferiority of the vaccine response induced by MenACWY- | (2-10yrsof | Gp Mencevax ACWY
TT compared to Mencevax ACWY. age)

keyinclusion criteria

Healthy subjects aged 2-10 yrs old; childhood vaccinations up to date (exception meningococcal vaccines, see below)

key exclusion criteria

History of meningococcal disease; previous vaccination with meningococcal PS vaccine (plain)of serogp A, CW and/or Y within the last five yrs (for subjects 6 yrs old or
above); previous vaccination with meningococcal PS conjugate vaccine of serogp A CW and/or Y; immunodeficiency; previous vaccination with TT within the last month

‘methodology/data
collection/statistics

‘Planned 1500 3:1 randomisation, single vaccine Day 0 IM for MenACWY-TT, SC for Mencevax ACWY ; pre & post (Day 30) vaccination bloods for immunogenicity
assessment, mth 6 visit (safety only); parents/guardians to complete diary cards for completion Days 0-4 (solicited local and systemic reactions).

Unsolicited symptoms captured Days 0-30 post vax. Descriptive demographics across gps. GMC/T and % of subjects with antibody concentrations/titres above proposed
cut-offsi.e. rSBA 21:32 in those initially seronegative (<1:8) ora 4-fold increase in those initially seropositive) calculated with their 95% Cls for each antibody measured at
‘each sampling time point. P-values <0.05 used as an indicator of possible differences between gps

Criterion forassessment: UL of the two-sided standardised asymptotic 95% CI for the ratio between MenACWY-TT and MencevaxACWY (MenACWY-TT over Mencevax
ACWY) being lower than or equal to the pre-defined clinical limit ratio of 3.0 in the percentage of subjects with any grade 3 general symptoms (solicited and unsolicited). One
‘month after vaccination (post-vaccination, Month 1), in the immunogenicity subset corresponding to the first 1125 enrolled subjects (i.e. in each country the first 75%
enrolled assigned to the immunogenicity subset).

Criterion for non-inferiority: For each serogp separately, the LL of the two-sided standardised asymptotic 95% CI for the gp difference (MenACWY-TT Lot A minus
Mencevax ACWY) in the percentage of subjects with bactericidal vaccine response was pre-defined clinical limit of -10%.

For Safety analysis plan see details as per summary in Section8.1

enrolled/analysable
population

‘Planned/Enrolled: 1500/1504 subjects (ACWY-TT gp: 1125/1127; MenPS gp: 375/377); Vaccinated: 1501 subjects (ACWY-TT gp: 1125; MenPS gp: 376)

Completedthe vaccination stage: 1481 subjects (ACWY-TT gp: 1109; MenPS gp: 372); Completed the extended safety follow-up (ESFU) phase: 1472 subjects (ACWY-TT gp:
1101; MenPS gp: 371); Safety: Total Vaccinated cohort: 1501 subjects (ACWY-TT gp: 1125; MenPS gp: 376)

Immunogenicity: ATP cohort: 1062 subjects (ACWY-TT gp: 793; MenPS gp: 269)

results

‘Demographics: Both gps in the ATP cohort for immunogenicity comparable with respect to age and ethnicity. Mean age 5,6_yrs (2-10 yrs); F 26.4%:M 53.6%; 55.5% of

subjects were South East Asian. Demographic characteristics of the TVC similar to those for the ATP cohort for immunogenicity.

‘The analysis of immunogenicity was performed on the 1062 subjects included in ATP cohort for immunogenicity. Since > 5% enrolled subjects (i.e. 45 [5.37%] of 838

subjects) with serological results in the immunogenicity subset in the ACWY-TT gp at Visit 2 were eliminated from the ATP cohort for immunogenicity, additional analysis

performed based on the TVC as per the statistical plan.

+  ThelLL ofthe 95% CI for the difference between the ACWY-TT gp vs. MenPS gp in the % of subjects with vaccine response to each Men-serogp was greater than the
‘pre-specified non-inferiority limit of -10%, hence non-inferiority was demonstrated;

+  Meningococcal bactericidal vaccine response rates ranged from 65.5-97.4% in both gps for the 4 serogps; statistically significantly higher % of responders to all four
serogps in ACWY-TT vs. MenPS gp;

+  Atthe mth1 post-vax timepoint, nearly all those in the ACWY-TT gp (99.2% to 100.0%) had SBA titres 21:128 for the four serogps;

+ %of subjects with rSBA titres >1:8 and 21:128 for serogps C, W-135 and Y (NOT A) significantly higher in the ACWY-TT gp vs. MenPS gp; rSBA GMTs adjusted for
age strata and pre-vaccination titres for all serogps in the ACWY-TT gp were significantly higher vs. MenPS gp;

+__anti:TT GMC increased 34.0-fold; the seroprotection rate (2 0.1 [U/mL) increased to 98.9% post MenACWY-TT vaccination.

safety summary

No deaths; no withdrawal due to AE; NOCI - Asthma reported in 0.3% of subjects in both treatment gps; 22 SAE,15 (1.3%) in ACWY-TT gp and 7 (1.9%) subjects in
MenPS gp experienced one or more SAEs. Most were grade 1but were SAE before they involved hospitalisation. None thought to be vaccine related.
Overallincidence of AEs: The overall AE was 70.5%, 70.3% and 60.0% of subjects in the ACWY-A, ACWY-B and MenPS gps, respectively. Grade 3 symptoms (solicited and
unsolicited) observed in 3.8%, 41% and 1.8% of subjects in ACWY-A, ACWY-B and MenPS gps, respectively.

Solicited local.
Age2-5 yrs: Pain at injection site most frequently reported solicited AF ie. 18.1% and 20.7% of subjects in the ACWY-TT and MenPS gps, respectively. Grade 3 pain
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Teported uncommonly in 0.2 in the ACWY-TT gp and 0.0% in MenPS gp.
Age6-10 yrs: Pain at injection site most frequently reported solicited AE in MenPS gp (26.9% vs. 19.4% in the ACWY-TT gp).

Redness was the predominant solicited local symptom in the ACWY-TT gp L.e. 19.7% vs. 19.4% in the MenP$ gp). Grade 3 pain reported uncommonly (0.2-0.6%) in ACWY-
TTgp and 0.0% in MenPS gp.

Incidence of injection site pain was identified as a statistical imbalance, rate in the MenPS 26 gp higher than ACWY 26 gp (26.9% vs. 19.4%; p=0.0309).
Solicited general AE: Age 2-5 yrs: Commonest was fever in both gps i.e. 6.4% in the ACWY <6 gp and 8.7% in the MenPS<6 gp). Grade 3 reported in <0.3%. Age 6 -10 yrs:
reported by >5.0% of subjects were fatigue, fever and headache (range 6.1-9.4%) in ACWY-TT gp, and fatigue, fever, headache and GI symptoms in the MenPS gp (8.1~
10.29%). Grade 3 solicited general symptoms reported in <0.5% of subjects.

Unsolicited AEs;17.6% and 19.9% subjects in the ACWY-TT, ACWY-B and MenPS gps. Grade 3 events considered related to vaccination infrequent.

Since the UL of the two-sided 95% CI (20.25) exceeded the pre-defined clinical limit of 3.0, the primary objective ofnon-inferiority of the MenACWY TT vaccine vs.
Mencevax ACWY vaccine in terms of % of subjects with grade 3 general symptoms (solicited & unsolicited) during the 4-day post-vaccination period was not met.

Incidence of grade 3 general symptoms observed was much lower in both gps (0.3% to 0.9%) compared to that expected in the protocol (3%), hence the study was
'UNDERPOWERED in regards to its co-primary safety endpoint. Moreover, in exploratory evaluations, no statistically significant difference between the two vaccine gps in
terms of grade 3 general symptoms (p = 0.2202) or all grade general symptoms (p = 0.6064).

‘The overall incidence of symptoms (solicited & unsolicited) during the 4-day period after vaccination with MenACWY-TT and Mencevax ACWY was 39.0% in the ACWY-TT
gpand 40.4% in the MenPS gp, respectively. Grade 3 symptoms (solicited and unsolicited) were observed in 1.5% of subjects in the ACWY-TT gp compared to 0.3% of
subjects in the MenP$ gp.

SpecificAEs: One rash symptom reported in 4.0% and 4.3% of the ACWY-TT gp and MenPS gps respectively; urticaria, maculo-papular rash and rash were the most
important symptoms experienced by 1.0% or more subjects in any vaccine gp.

‘evaluator’s comments on study design and findings. UNDERPOWERED for safety co-primary endpoint. The incidence of grade 3 solicited and unsolicited general symptoms was <1% in the
ACWY-TT gp, indicating MenACWY-TT had a clinically acceptable safety profile that was comparable to the licensed meningococcal plain PS vaccine. The current results of this study are supportive of
apositive risk/benefit ratio in this age gp of children.
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MenACWY-TT-081 ‘Phase 111, open, randomised, controlled. Primary objective: Non-inferiority of MenACWY-TT compared to Children Gp MenACWY-TT
(Germany (N=11), Menjugatein terms of serum bactericidal antibody vaccine response to Men serogp C. (2-10yrsofage) | Gp Menjugate(MEN-CCRM)
France (N=20))
keyinclusion criteria__| Healthy subjects aged 2-10 yrs old; childhood vaccinations up to date (exception meningococcal vaccines, see below)
keyexclusion criteria | History of meningococcal disease; previous vaccination with meningococcal PS vaccine (plain)of serogp A, C W and/or Y within the last five yrs (for subjects 6 yrs old or
above); previous vaccination with meningococcal PS conjugate vaccine of serogp A CW and/or Y; immunodeficiency; previous vaccination with TT within the last month
‘methodology/data ‘Planned 400 3:1 randomisation, single vaccine Day 0 IM for MenACWY-TT or MEN-CCRM; pre & post (Day 30) vaccination bloods for immunogenicity assessment, mth 6
collection/statistics visit (safety only); parents/guardians to complete diary cards for completion Days 0-4 (solicited local and systemic reactions). Satritified by age i.. 200-250 subjects aged
2through 5 yrs; 150-200 subjects aged 6 through 10 yrs. P-values <0.05 used as an indicator of possible differences between gps
Unsolicited symptoms captured Days 0-30 post vax. Descriptive demographics across gps. GMC/T and % of subjects with antibody concentrations/titres above proposed
cut-offsi.e. rSBA 21:32 in those initially seronegative (<1:8) ora 4-fold increase in those initially seropositive) calculated with their 95% Cls for each antibody measured at
each sampling time point.
Criterion for non-inferiority of serotype C: The LL of the two-sided standardized asymptotic 95% Cl for the gp difference (ACWY-TT gp minus MenCCRM gp) in the
percentages of subjects with rSBA-MenC vaccine response was greater than or equal to the pre-defined clinical limit of - 10%.
For Safety analysis plan see details as per summary in Section8.1
enrolled/analysable | enrolled/planned=311/300 (ACWY-TT); 103/100 (MenCCRM); 414/400 (total); Total Vaccinated cohort: 311 (ACWY-TT);103 (MenCCRM); 414 (total);
population Completed (active phase) 311 (ACWY-TT);103 (MenCCRM); 414 (total); Completed (extended safety follow-up [ESFUJ) 310 (ACWY-TT); 103 (MenCCRM); 413 (total); Safety:
305 (ACWY-TT); 101 (MenCCRM); 406 (total); ATP cohort for immunogenicity: 296(ACWY-TT); 99 (MenCCRM); 395 (total)
Tesults ‘Demographics: Both gps in the ATP cohort for immunogenicity comparable with respect to age and ethnicity. Mean age 5.6 yrs (SD 248 yrs); F 51.6%; 85.6% of subjects
‘were White - Caucasian. Demographic characteristics of the TVC similar to those for the ATP cohort for immunogenicity.
+ ThelLL ofthe 95% CI for the difference between the ACWY-TT gp vs. MenCCRM in the % of subjects with vaccine response to rSBA Men-C was -5.25% hence non-
inferiority was demonstrated;
+  Meningococcal bactericidal vaccine response rates ranged from 65.5-97.4% in both gps for the 4 serogps; statistically significantly higher % of responders to all four
serogps in ACWY-TT vs. MenPS gp;
+ The % with rSBA titres >1:8 before vaccination ranged from 43.4% (rSBAMenA in the MenCCRM gp) to 86.3% (rSBA-MenY in the ACWY-TT gp). The percentages of
subjects with rSBA titres >1:8 and >1:128 increased to at least 99.7% and 99.3%, respectively, one month post vax;
«  All subjects who received Menjugate had an rSBA-MenC titre >1:128 1 mth post vax;
+  xSBA GMTs increased 54.4-fold (rSBA-MenY) to 198-fold (rSBA-MenA) in the ACWY-TT gp; rSBA-MenC GMT increased 272.8-fold in the MenCCRM gp vs. 123.1-fold in
the ACWY-TT gp - no statistically significant differences.
safety summary No deaths; no withdrawal due to AE; 8 SAE, 7 in ACWY-TT gp and 1 in MenCCRM gp. None thought to be vaccine related

Solicited local AE: Age 2-5 yrs: Redness at injection site most frequently reported solicited AE in 35.2% and 39.6% in ACWY-TT and MenCCRM gps, respectively. Grade 3
‘pain reported in 1 subject in the MenCCRM gp. Grade 3 redness (>30 mm) reported in 6.8% and 15.1% of the subjects in the ACWY-TT and MenCCRM gps, respectively and
grade 3 swelling (>30 mm) reported in 4.3% and 5.7% of the subjects in the ACWY-TT and MenCCRM gps, respectively. Age 6-10 yrs: Pain at injection site most frequently
reported solicited AE in ACWY-TT (43.9%) and MenCCRM (54.0%).

Grade 3 pain reported by 2.0% of ACWY-TT gp and 6.0% of MenCCRM gp; grade 3 redness (>50 mm) reported by 6.1% and 10.0% of the subjects, respectively; grade 3
swelling (>50 mm) reported by 2.7% and 6.0% of the subjects, respectively.

Solicited general AE:

Age2-5 yrs: Commonest was irritability inboth gps i.e. 15.4% in the ACWY-TT and 11.3% in the MenCCRM gp; drowsiness reported by 14.2% and 11.3% of the ACWY-TT
and MenCCRM gps; Fever 237.5°C in 5.6% of ACWY-TT gp and 5.7% of the MenCCRM gp. Grade 3, drowsiness reported in 1 subject in MenCCRM; grade 3 irritability
reported by 1 subject of gp ACWY-TT and 1 subject of gp MenCCRM.

Age 6 -10 yrs: Fatigue was the most frequently reported in each gp (22.3% and 22.0% of the subjects in the ACWY-TT and MenCCRM gps, respectively).
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Fever > 37.5°C reported in 6.8% of the subjects in the ACWY-TT and 2.0% of the MenCCRM gp. Grade 3 fatigue reported in four (2.7%) of the subjects in the ACWY-TT gp,
grade 3 GI symptoms reported by 1 subject (0.7%) in the ACWY-TT and grade 3 headache reported by 2 subjects (1.4%) in the ACWY-TT gp.

Fatigue considered related to vax reported by 19.6% of the ACWY-TT subjects and 14.0% MenCCRM subjects; headache considered related reported by 16.2% and 4% of
the ACWY-TT and MenCCRM gps.

‘Datamining exploratory analysis identified the following event worth further exploration: the incidence of headache (all and related) during the 4-day (Days 0-3) post-
vaccination period, with higher rates reported in the ACWY-TT gp (20.3% and 16.2%,gspectively) vs. MenCCRM gp (8.0% and 4.0%, respectively); p=0.0467 for all
‘headache and 0.0270 for related headache.

Unsolicited Adverse Events: These occurred in 17.7% and 19.4% subjects in ACWY-TT and MenCCRM gps, most frequently reported in each gp were: pyrexia 2.6% and
1.9% in ACWY-TT vs. MenCCRM gps; cough in the MenCCRM gp (2.9%), with 0.6% reported in the ACWY-TT gp.

2 subjects in the ACWY-TT gp reported grade 3 unsolicited symptoms (pyrexia and injury) in the 30 day post vac follow-up. No grade 3 unsolicited symptoms were
reported in the MenCCRM gp.

‘Those considered related to vax reported by 2.9% of the subjects in ACWY-TT gp and 1.9% of MenCCRM gp; those most frequently reported with a causal relationship to
vaxwere headache in the ACWY-TT gp (0.6%); 2 MenCCRM subjects reported unsolicited symptoms considered related to vax (headache and injection site pruritus)
during the Days 0-30 post-vaccination period. None reported grade 3 unsolicited symptoms with causal relationship to vaccination during Days 0-30) post-vax period.
SpecificAEs: Rash, NOCI and emergency room visits reported by 8, 1 & 11 subjects in ACWY-TT gp, respectively. Each of the specific categories of AEsreported by 1 subject
inthe MenCCRM gp; NOCI in MenCCRM gp = allergy to insect bites. One ACWY-TT subject had urticaria thought vax related.

‘evaluator’s comments on study design and findings: Appropriately designed study; no emergent safety signal - Solicited reactogenicity of MenACWY-TT similar to MenCCRM. MenACWY-TT
produced the same immune response to MenC as the licensed conjugate menC vaccine as well as inducing bactericidal immune responses in nearly all subjects vaccinated to the other Men serotypes.
Favourable risk: benefit ratio.
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MenACWY-TT- ‘Phase IIl, open, randomised, controlled. Primary objectives: Non- Toddlers (1223 | GpMenACWY-TT+MMRV:Day 0: MenACWY-TT + Priorix-Tetra; Day
039 (Finland N=14 inferiority of immunogenicity induced by MenACWY-TT compared to ‘mths of age) 42: No vaccination; Day 84: Priorix-Tetra
sites) Meningitec for MenC. GpMenACWY-TT: Day 0: MenACWY-TT; Day 42: Priorix-Tetra; Day 84:
+  Immunogenicity of MenACWY-TT for Mena, -W-135 and -Y. Priorix-Tetra
*  Non-inferiority of MenACWY-TT coadministered with MMRV GpMeningitec: Day 0: Meningitec; Day 42: Priorix-Tetra; Day 84:
compared to MenACWY-TT given alone. Priorix-Tetra
Non-inferiority of the first dose of MMRV co-administered with ‘GpMMRV: Day 0: Priorix-Tetra; Day 42: Meningitec; Day 84: Priorix-
'MenACWY-TT compared to the first dose of MMRV given alone. Tetra
keyinclusion criteria | Healthy infant 12-23 mths of age; up-to-date with childhood vaccines (exceptions below)
keyexclusion criteria | History of meningococcal disease, measles, mumps, rubella and/or varicella; previous vaccination against meningococcus; previous vaccination against measles, mumps,
rubella, varicella; immunodeficiency
‘methodology/data ‘Comparator vaccines used in this study: Meningitec =meningococcal C conjugate vaccine; Priorix-Tetra = live attenuated tetravalent measles-mumps-rubella-varicella
collection/statistics | vaccine (MMRV) given SC.

See Figure 1 for study design. Planned samples size =992. Randomisation 3:3:1:1 using a central randomization system on Internet (SBIR). The randomization algorithm
willuse a minimization procedure accounting for centre.

definitions:

ISBAMenC, rSBA-Mena, rSBA-MenW-135 and rSBA-MenY titres >1:8 = immunoprotection; Anti-measles 2150 mIU/mL (seropositivity); Anti-mumps 231 U/mL
(seropositivity); Anti-rubella 24 1U/mL (seropositivity); Anti-varicella titres >4-fold dilution-1 (seropositivity).

4 co-primary endpoints: In subjects of the ACWY-TT and MenCCRM gps: To demonstrate non-inferiority ofthe MenACWY-TT conjugate vaccine when compared to
Meningitec, a licensed conjugate vaccine for N. meningitidis serogp C, in terms of serogp C serum bactericidal antibodies (rSBA-MenC).

Criterion for non-inferiority for serogp C only: The LL of the two-sided standardized asymptotic 95% Clfor the gp difference (ACWY-TT minus MenCCRM) in the % of
subjects with rSBA-MenC titre >1:8 is greater than or equal to the pre-defined limit of ~10%.

In subjects of the ACWY-TT gp: To demonstrate immunogenicity of the MenACWY-TT conjugate vaccine for each Men-serotype

Criterion for immunogenicity: The LL of the two-sided exact 95% CI for the ACWY-TT gp proportion of subjects with rSBA titre >1:8 is greater than or equal to the pre-
defined limit of 90%.

In subjects of the ACWY-TT and Co-ad gps: To demonstrate non-inferiority of MenACWY-TT conjugate vaccine co-administered with MMRV vs. MenACWY-TT conjugate
vaccine alone in terms of bactericidal antibodies to N. meningitidis serogps A, C, W-135, and Y.

Criterion for non-inferiority for serogps A, C, W-135 and ¥: The LL of the two-sided standardized asymptotic 95% Cl for the gp difference (Co-adminus ACWY-TT) in the
percentages of subjects with rSBA titre >1:8 was greater than or equal to the pre-defined limit of ~10%.

In subjects of the Co-ad and MMRV gps: To demonstrate non-inferiority of the immunogenicity of the first dose of MMRV vaccine coadministered

With MenACWY-TT conjugate vaccine compared to the first dose of MMRV vaccine alone with respect to anti-measles, anti-mumps, anti-rubella, and anti-varicella
seroconversion rates.

Criterion for non-inferiority ofimmunogenicity of the firstMMRV vaccine dose: The LL of the standardized asymptotic 95% CI for the gp difference (Co-ad minus MMRV)
in the percentages of subjects achieving seroconversionforab to measles, mumps, rubella and varicella is greater than or equal to the predefined limit for non-inferiority of -
10%.

Anumber of other immunogenicity analyses including in a subset (30%) of Co-ad and MMRV gps and evaluation of the immunogenicity of Dose #2 of MMRYV vaccine.
For Safety analysis plan see details as per summary in Section8.1
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enrolled/analysable Number of subjects: Co-ad group ACWY-TT MMRV MenCCRM Total
population group  group group
Planned 372 372 124 124 o092
Enrolled 375 374 126 125 1000
Completed (active phase) 370 352 122 119 o63
Completed (ESFU) 368 asa 122 118 %62
Total Vaccinated cohort: 375 374 126 125 1000
ATP cohort for Safety: 368 370 121 124 o83
ATP cohort for 361 366 121 124 o72
Immunogenicity:
Tesults ‘Demographics: all 3 gps in the ATP cohort for immunogenicity comparable with respect to age and ethnicity. Mean age 14.6 mths (SD 1.48 mths); 47.8% Females; 98.8 %
of subjects White - Caucasian/European. Demographic characteristics of the TVC similar to those for the ATP cohort for immunogenicity.
All primary objectives were met at Day 42:
1) non-inferiority of MenACWY-TT compared to Meningitec in terms of percentage of subjects with rSBA-MenC titre 21:8 was demonstrated;
2) immunogenicity of MenACWY-TT in terms of % of subjects with rSBA-MenA, rSBA-MenW-135 and rSBA-MenY titres >1:8 was demonstrated;
3) non-inferiority of MenACWY-TT co-administered with Priorix-Tetra vs. MenACWY-TT administered alone in terms of the percentage ofsubjects with rSBA-MenA, rSBA-
MenC, rSBA-MenW-135 and rSBA-MenY titres >1:8 was demonstrated;
4) non-inferiority. of the first dose of Priorix-Tetra vaccine co-administered with MenACWY-TT vs. first dose of Priorix-Tetra administered alone in terms of anti-measles,
anti-mumps, anti-rubella and anti-varicella seroconversion rate was demonstrated.
Further analysis using hSBA
B42 days post vax, 277.2% of those in Co-ad and the ACWY-TT gps had hSBA-MenA, hSBA-MenC, hSBA-MenW-135 and hSBA-MenY titre >1:8; hSBA vaccine response
obtained in>76.1% of the subjects in the Co-ad gp and the ACWY-TT gp, for each antigen.
Exploratory comparisons showed that: The Co-ad gp, ACWY-TT gp and pooled gp were statistically significantly higher vs. MenCCRM gp in terms of % of subjects with
'hSBA-MenC titres >1:4 and 21:8, vaccine response and GMTs. The Co-ad gp was statistically significantly higher compared to the ACWY-TT gp in terms of the %of subjects
with hSBA-MenA titres >1:4 and 21:8, vaccine response and GMTs.
safety summary No deaths; 5 withdrawals due to non serious AE; NOCI -1.6% in Co-ad gp, <1% in other vax arms, none related; 28 subjects reported SAE, none considered related to

vaccine, all resolved without sequelae.

Solicited local AE:

+ Redness at injection site most frequently reported solicited local AE in each gp i.e. 33.6% (Co-ad gp) and 38.7% in the MMRV gp after MMRV administration; 35.5% in
the Co-ad gp and 37.1% inthe ACWY-TT gp after MenACWY-TT and 31.7% in the MenCCRM gp after Meningitec;

+  Grade 3 solicited local symptoms reported infrequently after MenACWY-TT or Meningitec administration. 44% of the subjects in the ACWY-TT gp reported redness

>30 mm after MenACWY-TT.

Solicited general AE:

«  Irritability was the most frequently reported solicited general AE in the 4 gps (50.7% in Co-ad gp, 40.9% in ACWY-TT gp, 38.7% in MMRV gp, 43.5% in MenCCRM gp).
‘The majority ofthe solicited general symptoms were considered related to vaccination;

+ Grade 3 solicited general symptoms reported in £1.6% of each gp;

+ Feverwith rectal temperature >40 oC (not considered vax related) reported in 1 subject in MMRV gp. Fever was the most frequently reported MMRV-specific solicited
symptom during the 43-day post-vax period (78.7% in the Co-ad gp, 44.7% in the ACWY-TT gp, 79.8% in the MMRV gp and 45.2% in the MenCCRM gp). Fever with
rectal temperature > 40 °C was reported <5.3% of the subjects of each gp;

+  Rash reported in 31.7% of the Co-ad gp, 18.0% of the ACWY-TT gp, 29.0% ofthe MMRV gp, 19.4% of the the MenCCRM gp;

*  Meningismus Grade 3 not thought related to vax, reported in 1 subject in the Co-ad gp and 1 subject in the MenCCRM gp;

Unsolicited AEs:

+  unsolicited symptom in the 43-day post-vax period: 64.8% Co-ad gp, 60.2% ACWY-TT gp, 68.3% MMRV gp, 54.4% MenCCRM gp; most frequent =rhinitis (14.4% in
Co-ad gp, 17.6% in ACWY-TT gp, 16.7% in MMRV gp and 18.4% in MenCCRM gp). Diarrhoea and teethingreported in >10%;
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« %of subjects reporting grade 3 unsolicited symptoms during the 43- day (Days 0-42) post-vaccination period was 11.2% Co-ad gp, 10.2% ACWY-TT gp, 7.1% MMRV
gpand 9.6% MenCCRM gp. Most commonly reported grade 3 unsolicited symptomswas otitis media in all gps;
«  Unsolicited symptoms related to vaccination in:
o 30.7%,15.0%, 28.6% and 12.8% of the Co-ad gp, ACWY-TT gp, MMRV gp and MenCCRM gp, respectively - most frequently - irritability in the Co-ad gp
(8.:8%) and MMRV gp (7.9%); diarrhoea in the ACWYTT gp (45%) and MenCCRM gp (8.8%);
o Grade 3 events reported infrequently ie. 3.7% in Co-ad gp, 0.8% in ACWY-TT gp, 3.2% in MMRV gp, 0.8% in the MenCCRM gp).
SpecificAEs: % of those with rash, 3.5% in Co-ad gp, 2.7% in the ACWY-TT gp, 1.6% in MMRV gp, 4.8% in MenCCRM gp. 16 subjects (6 in the Co-ad gp, 6 in the ACWY-TT
£, 2 in the MMRV gp and 2 in the MenCCRM gp) reported urticaria;

‘evaluator’s comments
onstudy design and
findings

‘Appropriately designed and powered Phase IIl study exploring interaction between MMRV and meningococcal conjugate vaccines. Inmunogenicity robust
withboth Men-conjugate vaccines ref MenC responses. Immunogenicity of MMRV as expected, no negative interaction when co-admin with ACWY-TT. Well
tolerated:low grade redness at injection ite and irritability most frequently reported during the 4-day post-vaccination period; Fever was the most
frequently reported solicited MMRV-specific symptom during the 43-day postvax period.
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MenACWY-TT-
040 (Austria,
Germany, Greece)
72sites

‘Phase 111, open, randomised, controlled. Primary objectives: Non-inferiority | Toddlers | Gp Co-ad: MenACWY-TT + Infanrixhexa: at Month 0
of MenACWY-TT co-administered with combined DTPa-HBVIPV/Hib vaccine to | (12-23 | GpMenACWY-TT: MenACWY-TT at Month 0 and DTPa-HBVIPV/Hib
MenACWY-TT given alone. mthsof | (Infanrix hexa) atMonth 1
Non-inferiority of combined DTPa-HBVIPV/Hib vaccine co-administered with | age) Gp Infanrix hexa: DTPa-HBV-IPV/Hib at Month 0 and MenACWY-TT at
MenACWY-TT to DTPa-HBV-IPV/Hib vaccine given alone Month 1.

Gp Meningitec: Meningitec at Month 0

keyinclusion criteria | Healthy infant 12-23 mths of age; documented receipt of three-dose primary vaccination with DTPa, hepatitis B, inactivated polio and Haemophilus influenzae type b
conjugate vaccines, completed at least 180 days before administration of the first study vaccination.

keyexclusion criteria | History of meningococcal disease; previous vaccination against meningococcus; Previous booster vaccination against diphtheria, tetanus, pertussis, hepatitis B,
‘poliomyelitis or Haemophilus influenzae type b; immunodeficiency; hypersensitivity reaction with Infanrix hexa; acute encephalopathy.

‘methodology/data ‘Active “control” vaccines used in this study = Infanrix hexa = DTPa-HBV-IPV/Hib (contains 6 antigens/toxoids) to diphtheria, pertussis, tetanus, hepatitis B, polio and

collection/statistics ‘haemophilus influenza type B (the latter is a conjugate); Meningitec is a conjugate MenC only vaccine.

Planned 784; 2:2:2:1 randomisation, vaccine schedule as described above; pre & post (Day 30) vax bloods for immunogenicity assessment, additional blood draw at mth
2inarms 2 and 3, mth 7 visit (safety only); diary cards Days 0-4 (solicited local and systemic reactions). Unsolicited symptoms captured Days 0-30 post vax. Descriptive
demographics across gps. GMC/T and % of subjects with Menantibody concentrations/titres above proposed cut-offsie. rSBA 21:32 in the seronegatives (<1:8) or a4-fold
increase in those initially seropositive) calculated with their 95% Cls for each antibody measured at each sampling time point.

In the MenACWY-TT + Infanrix hexa vs. MenACWY-TT,
«To demonstrate non-inferiority of MenACWY-TT co-administered with combined DTPa-HBV-IPV/Hib to MenACWY-TT given alone in terms of bactericidal antibodies to
N.meningitidis serogps A, C, W-135 and Y:

« To demonstrate non-inferiority of the combined DTPa-HBV-IPV/Hib vaccine co-administered with MenACWY-TT vs. DTPa-HBV-IPV/Hib vaccine given alone in terms of

GMCs of antibodies to pertussis toxoid (PT), filamentous haemagglutinin (FHA), pertactin (PRN), percentages of subjects with antibody concentrations to PRP 21.0ug/ml

and to HBsAg 210mIU/ml.

Other secondary immunogenicity endpoints including the immunoprotection to other component antigens in Infanrix hexa defined as seroprotection rates for diphtheria

(20.11U/ml), tetanus (2 0.11U/ml) and poliovirus types 1, 2and 3 (2

Criterion for non-inferiority:

+ Co-Ad non-inferior to MenACWY-TT administered alone in terms of % of subjects with rSBA titre greater >
difference was greater than or equal to the pre-defined clinical limit of -10%;

+  Non-inferiority of Co-Ad and (minus) hexa arm in terms of anti-PT, anti-FHA and anti-PRN GMC if the LL of the two-sided 95% CI calculated on the GMC ratio was
2067;

+  interms of the % of subjects with anti-HBs antibody (Hep B SAbs) 210 mIU/ml: Standardized asymptotic 95% Cls for the difference in percentage of subjects with
anti-HBs antibody concentrations 210 mIU/mlbetween Co-Ad arm and (minus) hexa arm was non-inferior in terms of Hep B SAbs 210 mIU/m] if the LL of the two-
sided asymptotic 95% CI for the gp difference in the % of subjects with Hep B SAbs 210 mIU/mlwas greater than or equal to the pre defined clinical limit of 10%.

For Safety analysis plan see details as per summary in Section8.1

if the LL of the two-sided 95% CI calculated on the gp
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‘enrolled/analysable Number of subjects Total Coad  ACWY-TT Hexa  MenCCRM
population Planned 784 24 24 24 112
Enrolled 793 m 20 2 127
Completed (active stage) 775 219 1 218 126
Completed (ESFU) 766 214 m 216 125
Total vaccinated cohort 793 m 20 2 127
ATP cohort for safety 730 201 203 206 120
ATP cohort for immunogenicity 685 194 188 188 1s
results ‘Demographics: all 4 gps in ATP cohort for immunogenicity comparable with respect to mean age, age and ethnicity. Mean age 14.9 mths (D 3.30 mths yrs); 50.5%

Females; 93.6% White - Caucasian/European. Demographic characteristics of TVC similar to those for the ATP cohort for immunogenicity. The primary analysis of
immunogenicity has been performed on the ATP Cohort for immunogenicity. As >5% of enrolled subjects with serological results at Visit 2 were excluded from this ATP
cohort, additional analysis based on the TVC was performed to complement the ATP analysis:

+ ThelLL ofthe 95% CI for the difference between the Co-Ad vs. ACWY-TT gp in the % of subjects with vaccine response to each Men serogp was greater than the pre-
specified non-inferiority limit of -10%, hence non-inferiority was demonstrated;

«  Forpertussis antigens, the LL of the two-sided 95% CI on the adjusted GMC ratios for anti-PT, anti-FHA and anti-PRN are above the pre-defined limit of 0.67 (0.83,
0.85 and 0.78 for anti-PT, anti-FHA and anti-PRN respectively);

«  forhepatitis B seroprotection, the LL of the two-sided 95% CI for the gp difference in the % of subjects with HbSAbs >10mIU/ml is greater than or equal to the pre-
defined clinical limit of -10% (i.e. -147%);

+  forHib seroprotection, the LL of the two-sided 95% CI for the gp difference in the % of subjects with anti-PRP concentrations (ELISA) 21.0 ug/ml is greater than or
equal to -10% (i.e. -145%);

+  the non-inferiority of Co-Ad vs. Hexa alone in terms of GMCs of antibodies to PT, FHA, PRN, percentages of subjects with antibody concentrations to PRP >1.0ug/ml
and to HBsAg 210mIU/ml was demonstrated Since the LL ofthe standardized asymptotic 95% Cl is above -10% for anti-diphtheria (LL is -1.48%), for anti-TT (L is -
1.48%), and for anti-poliovirus types 1, 2, 3 (LL is -2.76%, -2.20% and -0.44% respectively), the secondary objective of non-inferiority of the Co-Ad arm was
demonstrated

Prior to vaccination, the percentage of subjects with rSBA antibody titres > 1:8 ranged from 14.1% (rSBA-MenC in the Hexa gp) to 60.9% (rSBA-MenY in the ACWY-TT and
Hexa gps). At 30 days after the dose of MenACWY-TT conjugate vaccine, in the Co-ad, ACWY-TT and Hexa gps, at least 97.3% of the subjects had SBA titres > 1:8 and at
least 88.2% had titres > 1:128. In the MenCCRM control gp, one month after vaccination, 98.2% ofthe subjects had rSBA-MenC titres > 1:8 and 89.5% of subjects had rSBA-
MenC titres > 1:128.

At30 days after the Infanrix hexa vaccination, at least 99.4% of subjects had anti-diphtheria concentrations > 0.10 IU/ml. One month after vaccination with Infanrix hexa,
all subjects from the Co-ad and ACWY-TT gps and 99.4% of subjects from the Hexa gp had anti-TT concentrations 0.1 IU/ml. One month after the Infanrix hexa
vaccination, all subjects in the Co-ad, ACWY-TT, and Hexa gps had anti-PT, anti-FHA and anti-PRN antibody concentrations > SELU/ml. Vaccine response rates to the PT,
FHA and PRN antigens were atleast 94.2%, 91.9% and 97.2%, respectively.

‘The percentage of subjects with anti-HBs concentrations > 10mIU/m] was at least 98.2% and the percentage of subjects with anti-HBs concentrations > 100mIU/ml was at
least 91.7% one month after vaccination with Infanrix hexa.

Atleast 98.2% of subjects vaccinated with Infanrix hexa presented anti-poliovirus type 1, 2and 3 titres >1:8, one month after the vaccination.
One month after the Infanrix hexa vaccination, all subject had anti-PRP antibody concentrations 20.15 g/ml and at least 97.2% had anti-PRP antibody concentrations >1.0
pg/ml.
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safety summary

The analysis of safety was performed on the Total vaccinated cohort (TVC). As more than 5% of subjects enrolled were eliminated from the ATP cohort for safety, an

additional analysis was performed on this cohort to complement the TVC analysis.

1death (accidental drowning); 1 withdrawal due to AE (unrelated); No NOCI; 35 subjects with SAE, none considered related to vaccine

Solicited local AE:

+ Redness at injection site most frequently reported solicited AE after each dose i.e. 31.8% (Co-Ad), 34.1% (ACWY-TT gp) and 44.8% (Hexa gp) 28.6% in the MenCCRM
gpafter dose 1 and 36.8% in the ACWY-TT gp and 25.6% in Hexa gp after dose 2;

+  Grade 3 redness most frequently reported solicited local AE; Grade 3 swelling uncommon, 0.9% (MenACWY-TT) and <4.1% (Infanrix hexa).

Solicited general AE:

+  Drowsiness & irritability the most frequently reported after dose 1 and after dose 2, in ll gps. Most considered unrelated to vax;

+  Grade 3 AE in this category reported <1.8% in each gp. Fever > 40.0°C reported in 1 subject each in Co-ad and Hexa gps, after dose 1- considered as related to
vaccination, short duration (<2 days).

Unsolicited Adverse Events:

«  After dose 1,32.0%, 36.8%, 37.1%, 33.1% in Co-ad, ACWY-TT, Hexa and MenCCRM gps experienced an unsolicited AE. After dose 2, the percentages were 39.5% and
35.3% in ACWY-TT and Hexa gps respectively; Grade 3 unsolicited symptoms were very rare (1 subject ina given treatment gp);

+ Those judged as vax related were 4 subjects (1.8%) of the Co-ad, 3 subjects (1.4%) of the ACWY-TT, 3 subjects (1.3%) of the Hexa and 1 subject (0.8%) of the
MenCCRM gps after dose 1,and in 3 subjects (1.4%) of the ACWY-TT and 1 subject (0.4%) of the Hexa gps after dose 2;

'+ OneGrade 3 event of gastroenteritis considered causally related Infanrix hexa given at Visit 2 in the ACWY-TT gp.

‘evaluator’s comments on study design and findings: Appropriately designed study to test the immunogenicity of the quadrivalent conjugate meningococcal vaccine and no detrimental effect on
immune response to any component serotypes when co-administered with DTPa-HBV-IPV/Hib. No emergent safety signal when the vaccines co-administered. Some drop out in the ATP for
immunogenicity required further sensitivity analyse as per the statistical analysis plan.
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MenACWY-TT-
080 (Mexico (N=2
sites), Taiwan (N=2
sites))

‘Open, randomised. Primary objective: Non-inferiority of MenACWY-TT Toddlers (12-23 | Gp MenACWY-TT: MenACWY-TT at visit 1 and Synflorix at
coadministered with 10-valent pneumococcal conjugate vaccine to MenACWY-TT ‘mths of age) visit 2

given lon Gp10Pn: Synflorix at visit 1 & MenACWY-TT at visit 2
Non-inferiority of pneumococcal conjugate vaccine co-administered with MenACWY- Gp Co-ad: MenACWY-TT + Synflorix at visit 1

TTto 10-valent pneumococcal conjugate vaccine given alone.

keyinclusion criteria | Healthy subjects aged 12-23 mths of age; previously participated in study 109661 conducted in Mexico or in study 109861 conducted in Taiwan and who received 3 doses
ofthe GSK1024850A vaccine
keyexclusion criteria | History of meningococcal disease; previous vaccination with meningococcal vaccine; immunodeficiency; previous vaccination with TT within the last month; prior receipt

ofa 4% dose of pneumococcal vaccine

‘methodology/data ‘Planned 348; 2:1:1 randomisation, subjects must have been primed with Synflorix (=pneumococcal PS conjugate vaccine containing Pneumococcal PS serotypes 1, 4, 5, 65,
collection/statistics 7E 9V, 14, 18C,19E, 23F). Vaccine schedule as described above; pre & post (Day 30) vaccination bloods for immunogenicity assessment, mth 7 visit (safety only); diary
cards for completion Days 0-4 (solicited local and systemic reactions).
Primary end-points
1) To demonstrate non-inferiority of GSK Biologicals' tetravalent meningococcal conjugate vaccine when co-administered with GSK Biologicals’ 10 valent pneumococcal
conjugate vaccine versus GSK Biologicals' tetravalent meningococcal conjugate vaccine given alone (GSK Biologicals'10-valent pneumococcal conjugate vaccine was
administered one month later).
Criterion for non-inferiority: For each serogp separately, the LL of the two-sided standardised asymptotic 95% CI for the gp difference in the percentage of subjects with
bactericidal vaccine response was 21:8 pre-defined clinical limit of -10%.
2) To demonstrate non-inferiority of GSK Biologicals’ 10-valent pneumococcal conjugate vaccine when co-administered with GSK Biologicals’ tetravalent meningococcal
conjugate vaccine versus GSK Biologicals' 10-valent pneumococcal conjugate vaccine given alone (GSK Biologicals’
tetravalent meningococcal conjugate vaccine was administered one month later).
Criterion for non-inferiority of the pneumococcal conjugate serotypes 1,4, 5, 6B, 7F, 9V, 14, 18C, 19F and 23F: For each serotype separately, the LL of the 95% CI of
the GMC ratio between the Co-ad gp and the 10Pn gp (Co-ad gp over 10Pn gp) was above 0.5.
Several secondary immunogenicity endpoints; safety analyses. Descriptive demographics across gps. GMC/T and % of subjects with antibody concentrations/titres above
proposed cut-offsie. rSBA 21:32 in those initially seronegative (<1:8) or a 4-fold increase in those initially seropositive) calculated with their 95% CIs for each antibody
‘measured at each sampling time point. P-values <0.05 as indicator of possible differences between gps.
For Safety analysis plan see details as per summary in Section8.1
enrolled/analysable Number of subjects: Co-ad group | ACWY-TTgroup 10Pn group  Total
population Planned 74 87 87 8
Enrolled 182 o1 EY 363
Vaccinated 182 o1 %0 363
Completed vaccination stage 181 o1 3 357
Completed ESFU stage 181 EY 89 360
Safety: Total Vaccinated cohort 182 o1 EY 363
Immunogenicity: According-to-protocol 175 81 81 337
(ATP) cohort for immunoge icity
Persistent: ATP cohort for persistence 180 87 87 354
Tesults ‘Demographics: all 3 gps in ATP cohort for immunogenicity comparable with respect to age and ethnicity. Mean age 17.2 mths (13-21 mths); Females 50%; 100% of Mexico

enrolees (N=164) -Hispanic; 100% of Taiwan enrolees (N=173) -Asian heritage Demographic characteristics of TVC similar to those for ATP cohort for immunogenicity.
‘The analysis of immunogenicity was performed on the ATP cohort for immunogenicity (primary analysis). Since more than 5% of enrolled subjects with serological results
were eliminated from the ATP cohort for immunogenicity, an additional analysis was performed based on the TVC.

Meningococcal responses:
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« ThelLL ofthe 95% CI for the difference between the Co-Ad vs. ACWY-TT gp in the % of subjects with vaccine response to each Men serogp was greater than the pre-
specified non-inferiority limit of -10%, hence non-inferiority was demonstrated;

+  Inan exploratory analysis the percentage of subjects with rSBA-MenW-135 titre >1:128 was statistically significantly higher in Co-ad gp;

«  presvaccination seropositivity rates varied according to meningococcal serogp ranging from 10.5% (in Co-ad gp) for rSBA-MenC to 65.4% (in the ACWY-TT gp) for
rSBAMenY. One month after MenACWY-TT vaccination, seropositivity rates for the four serogps increased to 97.5%-100% across the Co-ad and ACWY-TT vaccine
£ps; proportion of subjects with rSBA titres 21:128 increased to 98.9%-100% in the Co-ad gp and to 97.5%-100% in the ACWY-TT gp. In the 10Pn gp, all subjects had
TSBA titres 21:8 and 21:128 for Men serogps after administration of MenACWY-TT at Visit 2.

Pneumococcal respons

+ The non-inferiority limit pre-specified in the protocol as the LL of the 95% Cl greater than 0.5 was met for anti-1, -4, -5, -6B, -7F, -9V, -14, -19F and -23F but not for
anti-18C (0.41). Therefore, the non-inferiority hypothesis for the immunogenicity of the 10Pn-PD-DIT vaccine when co-administered with MenACWY-TT vs. 10Pn-
PD-DiTvaccine alone was notmet;

+ Onemonth after the 10Pn-PD-DIT vaccination, all subjects had antibody concentrations 20.20 pg/mL for all serotypes, except for 68 and 23F in the Co-ad and 10Pn
£ps (range 96.0% to 98.9%) and 6B in the ACWY-TT gp (96.2%). In all vaccine gps, an increase in antibody GMCs for all serotypes was observed one month after
booster vaccination as compared to those prior to vaccination. Exploratory statistical evaluation showed a statistically significantly lower antibody GMC value
adjusted for country and pre-vaccination measurements in the Co-ad and ACWY-TT gps than in the 10Pn gp for the serotype 18C;

+ Inthe time period after primary and pre booster vax, a decline in antibody GMCs observed in the three gps pooled for all the vaccine pneumococcal serotypes. For
‘each of the vaccine pneumococcal serotypes the % of subjects maintaining antibody concentrations 20.05 pg/mL, prior to booster vaccination, was atleast 97.3% in
the three gps pooled;

+ The % with concentrations 20.20 pg/mL was at least 82.4% in the three gps pooled for all pneumococcal serotypes except for serotype 1(62.8%), serotype 6B
(77.9%) and serotype 4 (79.3%);

+  Inthe time period after primary and pre booster vaccination, a decline in OPA GMTs observed in the three gps pooled for all vaccine pneumococcal serotypes. The %
of subjects with OPA 21:8 before booster vaccination, was 271.3% for serotypes 7F, 9V, 14, 19F and 23F; 255.1% for serotypes 5 and 6B; and ranged from 16.9-36.9%
forserotypes 1,4 and 16C.

safety summary

No deaths; no withdrawal due to AE; No NOCI; 13 subjectshad SAE, none thoughtvax related.
Overallincidence of AEs: Post 1% vax: overall AE was 83.0%, 74.1% and 71.4% of subjects in the CoAd, ACWY-TT and 10Pn gps, respectively. Grade 3 symptoms (solicited
and unsolicited) observed in 14.8%, 5.5% and 14.4% of subjects in, CoAd, ACWY-TT and 10Pn gps, respectively. After the second vaccination, these percentages were
1329 and 5.9% in the ACWY-TT and 10Pn gps, respectively.

Solicited local AE: Pain at injection site most frequently reported i.e. 53.9%, 44.0% and 53.4% of subjects in the CoAd, ACWY-TT and 10Pn gps, respectively - and after 2¢
vaxin 47.3% and 40.0% in the ACWY-TT and 10Pn gps, respectively. Grade 3 pain: 2.4-8.8% across all vaccine gps subjects;

Solicited general AE: Irritability in 34.1% to 48.9%; fever 238.0°C in 11.0-19.8% across the three vaccine gps. Grade 3 related to vaccine in <1.2%.

Unsolicited AEs: Comparable between vaccine gps i.e. 45.1% in Co-ad gp, 42.9% in ACWY-TT gp and 46.7% in the 10Pn gp post 1 vax and 2% vax, 44.0% and 34.4% of
subjects in ACWY-TT and 10Pn gps. Grade 3 events considered related to vaccination were infrequent (<6.6%).

SpecificAEs: > 1 rash symptom reported in 4.9% of Co-ad gp, 11.0% of ACWY-TT gp and 5.6% of 10Pn gp; 4:4% subjects in the ACWY-TT gp, experienced grade 1or 2
‘non-serious events of urticaria which were not considered causally related to vax.

‘evaluator’s comments on study design and findings: Design appropriate o test the immunogenicity impact of co-administration of these two conjugate vaccines. Co-administration was inferior to
administration of pneumococcal conjugate onits own (a boosting dose as these subjects are already primed) with respect to serotype 18C. No negative impactin reverse i.e. immunogenicity to the 4
Men serotypes was good irrespective of whether co-administered or not. No untoward safety and reactogenicity signal revealed when these two conjugate yaccine co-administered.
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AE Grade | 6-17years
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StudyNo. | Phase Objective of Study (y’:";') Numbor of Sublects (IVE).
Persistencelboostabilty studies
MenACWY-TT-024 | I | Persistence 18 month afer vaccinationin 012 |  16-21 % 7
MenACWY-TT-025 | Il | Persistence 30 month after vaccination in 012 | 17:22 P 2
MenACWY-TT-026 | Il | Persistence 42 month after vaccination in 012 | 1823 P 2
MenACWY-TT014 | 1 Mm;mmm“ M g 185 P)
MenACWY-TT-016 | Il | Persistence 12 month afer vaccinationin 015 | 1256 | 485 384
MenACWY-TT-017 | Il | Persistence 24 month aftervaccination in 015 | 1357 | 471 354
MenACWY-TT-028 n Persistence 12 months after vaccination in -027 21 592 443
MenACWY-TT-029 n Persistence 24 months after vaccination in -027 312 537 423
MenACWY-TT-030 n Persistence 36 months after vaccination in -027 413 462 386
MenACWY-TT-043 m Persistence 24 months after vaccination in -036 1319 689 521
MenACWY-TT-048 m Persistence 24 months after vaccination in -039 34 295 253
MenACWY-TT-059 n Persistence 12 months after vaccination in -052 11-26 648 501
MenACWY-TT-062 n Persistence0 12 months after vaccination in -055 2 118 18
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