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Executive Summary:  

· Meningococcal (Groups A, C, Y, and W-135) oligosaccharide diphtheria CRM197 conjugate vaccine (meningococcal oligosaccharide conjugate vaccine) has been recently approved by the FDA for prevention of invasive meningococcal disease caused by Neisseria meningiditis, serotypes A, C, Y, and W-135, for patients aged 2-55 years.1 
· In the pivotal immunogenicity study, the primary endpoints for the meningococcal oligosaccharide conjugate vaccine met non-inferiority to meningococcal polysaccharide (Serogroups A, C, Y and W-135) diphtheria toxoid conjugate vaccine (meningococcal DT conjugate vaccine) in the age group of 19-55 year olds.2  Statistical superiority of meningococcal oligosaccharide conjugate vaccine compared to meningococcal DT conjugate vaccine was demonstrated for serotypes C, W-135, and Y when comparing seroresponse in subjects aged 19-55 years.  Similarly, superiority was also seen in percent of human serum bactericidal (hSBA) titers ≥ 1:8 in serotypes C and Y.  However, according to FDA clinical review, there are no data correlating statistically significant higher immune response to greater prevention of invasive meningococcal disease; thus, the clinical significance of higher immune responses following vaccination is unknown.3
· Meningococcal oligosaccharide conjugate vaccine was generally well tolerated in clinical trials.  The most common adverse events reported in clinical studies were pain at injection site, headache, myalgia, and malaise.1,3
· With the FDA approval of meningococcal oligosaccharide conjugate vaccine, there are now three meningococcal vaccines with coverage of serogroups A, C, Y and W-135 available in United States.4-6  Two of the vaccines represent conjugated formulations while the other commercially available vaccine is a polysaccharide formulation.  The CDC’s Advisory Committee on Immunization Practices (ACIP) Adult Immunization Guidelines recommend that either meningococcal conjugate vaccine (ie, meningococcal DT conjugate vaccine or meningococcal oligosaccharide conjugate vaccine) is preferred for adults who are aged ≤ 55 years while the meningococcal polysaccharide vaccine, Groups A, C, Y and W-135 combined (meningococcal polysaccharide vaccine) is preferred for adults aged > 55 years.4
Introduction

The purposes of this monograph are to evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating meningococcal oligosaccharide conjugate vaccine for possible addition to the VA National Formulary; define its role in therapy; and identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics1
The meningococcal oligosaccharide conjugate vaccine contains oligosaccharides of serotypes A, C, W-135, and Y.  Each oligosaccharide contained in the vaccine are individually conjugated to carrier protein CRM197, a non-toxic mutant of diphtheria toxin, which helps elicit the desired T-cell mediated immune response.  This vaccine does not contain adjuvant or preservative.  
FDA and Approved Indication(s)1 
Meningococcal oligosaccharide conjugate vaccine is indicated for immunization to prevent invasive meningococcal disease caused by N. meningitidis serotypes A, C, Y and W-135 in persons 2 to 55 years of age.  
Potential Off-label Uses
This section is not intended to promote any off-label uses.  Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only).

The following table highlights FDA indications and ACIP recommendations for available meningococcal vaccines. The meningococcal oligosaccharide conjugate vaccine is neither indicated nor recommended for patients greater than 55 years old.  
Table 1. Uses of Meningococcal Vaccines1,4-6
	
	Meningococcal polysaccharide vaccine
	Meningococcal DT conjugate vaccine
	Meningococcal oligosaccharide conjugate vaccine

	FDA Approved Indication:  
	All 3 meningococcal vaccines are approved for vaccination against serotypes A,C,Y, and W-135

	Age ranges for FDA Approved 

Indication
	In individuals ages 2 and older.

	In individuals 2-55 years of age.
	In individuals 2-55 years of age.  

	Routes of administration
	Subcutaneous 
	Intramuscular
	Intramuscular

	ACIP Immunization  Recommendations
	According to ACIP Immunization Recommendations, meningococcal vaccine should be administered to persons with the following indicationsa:

Routine:  A single dose of meningococcal conjugate vaccine is recommended for adolescents aged 11-12 years old with a booster dose at age 16

Medical: A 2-dose series of meningococcal conjugate vaccine, administered 2 months apart, is recommended for adults with anatomic or functional asplenia, or persistent complement component deficiencies.  Adults with HIV infection who are being vaccinated secondary to additional risk factors (e.g., increased risk due to occupational exposure, travel) should also receive a primary 2-dose series. 

Other: A single dose of meningococcal vaccine is recommended for unvaccinated first-year college students living in dormitories; microbiologists routinely exposed to isolates of N. meningitidis; military recruits; and persons who travel to or live in countries in which meningococcal disease is hyperendemic or epidemic (e.g., the “meningitis belt” of sub-Saharan Africa during the dry season [December through June]), particularly if their contact with local populations will be prolonged. Vaccination is required by the government of Saudi Arabia for all travelers to Mecca during the annual Hajj.

For any of these indications, meningococcal conjugate vaccine (ie, meningococcal DT conjugate vaccine or meningococcal oligosaccharide conjugate vaccine) is preferred for patients who are aged 2-55 years, and meningococcal polysaccharide vaccine is preferred for adults aged > 55 years. 
Revaccination with meningococcal conjugate vaccine (ie, meningococcal DT conjugate vaccine or meningococcal oligosaccharide conjugate vaccine) as a single dose every 5 years is recommended for adults aged 18-55 previously vaccinated with meningococcal conjugate vaccine or meningococcal polysaccharide vaccine who remain at increased risk for infection (e.g., adults with anatomic or functional asplenia, or persistent complement component deficiencies).  For patients > 55 years old who remain at increased risk for infection, revaccination with meningococcal polysaccharide vaccine is also recommended every 5 years.  
Please note that while revaccination with the same conjugated product is preferred, either product can be used to complete the series (if applicable) or for booster purposes.  


aFor other special populations (e.g., hematopoietic cell transplant, etc), please refer to the ACIP General Recommendations on Immunization.7
Current VA National Formulary Alternatives
1. Meningococcal DT conjugate vaccine (Menactra®; FDA indication for ages 2 – 55 years old) 
2. Meningococcal polysaccharide vaccine (Menomune®; FDA indication for ages 2 and older)
Dosage and Administration1
Meningococcal oligosaccharide conjugate vaccine is supplied as two components, a MenA lyophilized powder conjugate component and a MenCYW-135 liquid conjugate component.  The vaccine should be reconstituted by withdrawing the liquid conjugate component and injecting it into the lyophilized powder conjugate component vial. The vial should be gently inverted or swirled until the vaccine is completely dissolved, resulting in a clear solution.  The 0.5 mL of the reconstituted vaccine should be drawn into a syringe and administered as an intramuscular injection into deltoid muscle.  The vaccine should be administered immediately after reconstitution, but may be held for up to 8 hours at temperatures at or below 77°F (25°C).   
The FDA recommended dosage is a single 0.5 mL intramuscular injection.  Please refer to Table 1 in monograph for ACIP’s recommendations for 2-dose series for primary vaccination in certain patient populations. 
Efficacy1-3,8-10
The FDA clinical review focuses on three efficacy trials that were utilized for the approval of meningococcal oligosaccharide conjugate vaccine in the 11 to 55 years old age group.2,3,8,9  These three trials are summarized in the Appendix.  Recently, the meningococcal oligosaccharide conjugate vaccine received expanded FDA indication to include age range of 2-10 years; however, these data were not reviewed in this monograph with intent of focusing on adult population.  
Due to the low prevalence of invasive meningococcal infections coupled with use of other commercially available meningococcal vaccines in the United States, the clinical trials of meningococcal oligosaccharide conjugate vaccine evaluated the immunogenicity and safety rather than prevention of invasive infection.2  Specifically, the immunogenicity was evaluated by human serum bactericidal activity (hSBA) from vaccine recipients and compared to other commercially available meningococcal vaccines in the United States.  Although some of the study designs evaluated for superiority in immune response, there are no data correlating statistically significant higher immune response to greater prevention of invasive meningococcal disease.  Thus, the clinical relevance of higher immune response is unknown.2
Summary of efficacy findings
· In the pivotal immunogenicity study2,3 reviewed in Appendix 1, the primary and secondary immunogenicity endpoints for the meningococcal oligosaccharide conjugate vaccine met non-inferiority to meningococcal DT conjugate vaccine in the age group of 19-55 year olds.  Statistical superiority of meningococcal oligosaccharide conjugate vaccine compared to meningococcal DT conjugate vaccine was demonstrated for serotypes C, W-135, and Y when comparing seroresponse in subjects aged 19-55 years.  Similarly, superiority was also seen in percent of hSBA titers ≥ 1:8 in serotypes C and Y.

· In the study3,8 reviewed in Appendix 2, the immunogenicity endpoints for meningococcal oligosaccharide conjugate vaccine met non-inferiority to meningococcal DT conjugate vaccine in the age group of 19-55 years old with the exception of percentage of subjects with ≥1:8 for serogroup C.  Statistical superiority of meningococcal oligosaccharide conjugate vaccine compared to meningococcal DT conjugate vaccine was demonstrated for serotypes W-135 and Y when comparing rate of seroresponse and titers ≥ 1:8 in 19-55 years old.
· In the study3,9 reviewed in Appendix 3, the immunogenicity of meningococcal oligosaccharide conjugate vaccine was not affected by concomitant administration of Tdap.  Similarly, the immunogenicity of diphtheria, tetanus, and PT pertussis antigen was not affected by concomitant administration of Tdap with meningococcal oligosaccharide conjugate vaccine; the clinical relevance of lower FHA and PRN GMCs is unknown.
Durability of Immunogenicity10-13
A phase II trial evaluated the sustained immunogenic response of meningococcal oligosaccharide conjugate vaccine (n=151) versus meningococcal polysaccharide vaccine (n=39) at 12 months in 11-17 year olds.10  Table 2 below summarizes the percentage of subjects with hSBA titers ≥1:8 at 1 and 12 months post-vaccination.  
Table 2. Immunogenicity 1 month and 12 months post-vaccination
	
	1 month
	12 months

	
	Meningococcal

oligosaccharide conjugate vaccine
	Meningococcal

polysaccharide

vaccine
	p-value


	Meningococcal oligosaccharide conjugate vaccine
	Meningococcal

polysaccharide

vaccine
	p-value



	% of hSBA titers ≥ 1:8


	A 
	81%
	41%
	<0.001
	29%
	36%
	NS

	
	C
	84%
	61%
	<0.001
	77%
	61%
	<0.015

	
	W-135
	91%
	84%
	NS
	93%
	68%
	<0.001

	
	Y
	95%
	82%
	<0.001
	82%
	55%
	<0.001


An extension of the pivotal phase III trial conducted in 11-18 years old evaluated the sustained immunogenic response of meningococcal oligosaccharide conjugate vaccine (n=278) versus meningococcal DT conjugate vaccine (n=191).11  Table 3 below summarizes the percentage of subjects with hSBA titers ≥1:8 at 1 and 22 months post-vaccination.  
Table 3. Immunogenicity 1 month and 22 months post-vaccination11-12
	
	1 month
	22 months

	
	Meningococcal

oligosaccharide conjugate vaccine
	Meningococcal

DT conjugate vaccine
	Difference
(95% CI)


	Meningococcal oligosaccharide conjugate vaccine
	Meningococcal

DT conjugate vaccine
	p-value



	% of hSBA titers ≥ 1:8


	A 
	75%
	67%
	8 (3 to14)
	36%
	25%
	<0.05

	
	C
	84%
	84%
	1 (-3 to 5)
	62%
	58%
	0.36

	
	W-135
	96%
	88%
	8 (4 to 12)
	84%
	74%
	<0.01

	
	Y
	88%
	69%
	19 (14 to 25)
	67%
	54%
	<0.01


For further details on the efficacy results of the clinical trials, refer to Appendix: Clinical Trials (page 8).  
Adverse Events (Safety Data)1,3
According to the product information, the safety of meningococcal oligosaccharide conjugate vaccine in subjects aged 11-55 years old was studied in 5 randomized controlled trials with a pooled sample population of 8151 persons.  Adolescents and adults (aged between 11 and 55 years) received meningococcal oligosaccharide conjugate vaccine alone (n=5286), or in combination with Tdap or Tdap and HPV vaccines (n=899), meningococcal DT conjugate vaccine alone (n=1757), or meningococcal polysaccharide vaccine alone (n=209).  In addition, the safety of meningococcal oligosaccharide conjugate vaccine in children aged 2-10 years old was evaluated in 4 randomized controlled trials; however, these data were not included in monograph (with intent of focusing on adult population).  
Deaths and Other Serious Adverse Events 

There were no deaths reported in clinical trials for 11-55 years old.  Serious adverse events reported with meningococcal oligosaccharide conjugate vaccine were 0.1% (7/6185) within 30 days and 0.6% (40/6185) within 6 months of vaccination.  In comparison, meningococcal DT conjugate vaccine reported 0.2% (4/1757) and 0.7% (13/1757) and meningococcal polysaccharide vaccine reported 0% (0/209) and 2.4% (5/209) within 30 days and 6 months of vaccination, respectively.  According to the FDA documents, most events were not thought to be related to the study vaccine except possibly one event, where a spontaneous abortion occurred 44 days after vaccination with meningococcal oligosaccharide conjugate vaccine.
Table 4.  Rate of solicited adverse events in adults aged 19-55 years
	
	Meningococcal oligosaccharide 
conjugate vaccine (N=1018) %
	Meningococcal DT 

conjugate vaccine (N=336) %

	Reaction
	Any
	Mod
	Severe
	Any
	Mod
	Severe

	Local
	
	
	
	
	
	

	Pain at injection site
	38
	7
	<1
	41
	6
	0

	Erythema
	16
	2
	1
	12
	1
	0

	Induration
	13
	1
	<1
	9
	<1
	0

	Systemic
	
	
	
	
	
	

	Headache 
	25
	7
	2
	25
	7
	1

	Myalgia 
	14
	4
	<1
	15
	3
	1

	Malaise
	10
	3
	1
	10
	2
	1

	Nausea
	7
	2
	<1
	5
	1
	<1

	Arthralgia
	6
	2
	<1
	6
	1
	1

	Chills
	4
	1
	<1
	4
	1
	0

	Rash 
	2
	-
	-
	1
	-
	-

	Fever 
	1
	<1
	0
	1
	<1
	0


Adapted from Menveo® [package insert], 2011
Tolerability

Overall, meningococcal oligosaccharide conjugate vaccine appeared to be well tolerated in clinical trials.  In addition, it appeared to be well tolerated when administered concomitantly or sequentially with Tdap and/or HPV.
Contraindications1
Patients with severe allergic reaction to any component of this vaccine or other CRM197 conjugated vaccines (e.g. Hib vaccine, Vaxem Hib®), diphtheria toxoid, or meningococcal-containing vaccine should not receive meningococcal oligosaccharide conjugate vaccine.
Warnings and Precautions1
· Acute Allergic Reactions:  Appropriate medical treatment should be readily available during vaccination.
· Syncope:  Syncope, sometimes associated with seizure-like activity has been reported after administration.  Patients should be observed for 15 minutes after administration.  

· Altered Immunocompetence:  Meningococcal oligosaccharide conjugate vaccine has not been evaluated in immunocompromised patients for safety or efficacy.
· Guillain-Barré Syndrome (GBS):  Risks and benefits should be evaluated prior to administering meningococcal oligosaccharide vaccine if the patient has experienced GBS following previous vaccinations.
· Bleeding Disorders:  Potential benefits and risks should be considered before vaccination of patients with bleeding disorders or receiving anticoagulant therapy.  For more information, refer to ACIP’s General Recommendations on Immunization. 
Postmarketing Safety Experience 

Adverse events reported for meningococcal oligosaccharide vaccine have been reported but with an unknown frequency or defined causal relationship.  Some of the serious adverse events reported are impaired hearing, hypersensitivity, bone pain, tonic convulsions, syncope, and skin exfoliation.  Please refer to product information for full list of postmarketing adverse events.
Sentinel Events

No sentinel events were identified.
Look-alike / Sound-alike (LA / SA) Error Risk Potential

As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from five data sources (Lexi-Comp, USP Online LASA Finder, First Databank, Clinical Pharmacology12 and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:

LA/SA for generic name <meningococcal oligosaccharide diphtheria CRM197 conjugate vaccine>: meningococcal conjugate vaccine, meningococcal polysaccharide vaccine
LA/SA for trade name <Menveo>:  Menactra, Menomume, Menaval, Menest
Drug Interactions1
Drug-Drug Interactions

· Immunosuppressive Treatments:  The immunogenicity of this vaccine has not been evaluated in patients who are taking immunosuppressive treatments such as chemotherapy or corticosteroids (supra-physiologic doses).  
Concomitant Administration of Vaccines

· Tetanus, diphtheria, acellular pertussis vaccine (Tdap):  
· The product information indicates that lower geometric mean antibody concentrations (GMC) for antibodies to the pertussis antigens filamentous hemagglutinin (FHA) and pertactin (PRN) were observed in a phase III clinical trial when Tdap was concomitantly administered with meningococcal oligosaccharide conjugate vaccine and human papillomavirus vaccine in adolescents (refer to Appendix 3 for additional details).  The product information states that clinical significance of lower pertussis antigen responses is unknown.
· Another phase III trial evaluated the immunogenicity of meningococcal oligosaccharide conjugate vaccine administered alone or concomitantly with Tdap in healthy 11–25 year olds.13 The trial demonstrated immunogenic non-inferiority for the meningococcal vaccine when concomitantly administered with Tdap.  It also demonstrated immunogenic non-inferiority for tetanus and diphtheria when Tdap concomitantly administered meningococcal vaccine; however, the concomitant administration appeared to moderately attenuate two of the three pertussis antigens.
Acquisition Costs

Table 5.  Comparison of Federal Supply Schedule costs for meningococcal vaccines 

	Vaccine
	FDA Approved Dosage Regimen
	Cost/Vaccination ($)

	Meningococcal oligosaccharide  vaccine
	Single 0.5 mL intramuscular injection 
	64.36

	Meningococcal polysaccharide vaccine
	Single 0.5 mL subcutaneously injection 
	69.52

	Meningococcal DT conjugate vaccine
	Single 0.5 mL intramuscular injection 
	64.36


Prices obtained September 2010
Pharmacoeconomic Analysis14,15
A review of the published literature did not identify pharmacoeconomic analysis with this vaccine for the adult population.  The available pharmacoeconomic data for this vaccine focuses on the infant and adolescent population, which is available in the summary report from the ACIP Summary Report.14,15 
Conclusions

Based upon immunogenicity and safety data, meningococcal oligosaccharide conjugate vaccine received FDA approval for prevention of invasive meningococcal disease caused by N. meningiditis, serotypes A, C, Y, and W-135, for patients aged 2-55 years.1  The CDC’s ACIP Adult Immunization Guidelines recommend that either meningococcal conjugate vaccine (ie, meningococcal DT conjugate vaccine or meningococcal oligosaccharide conjugate vaccine) is preferred for adults who are aged ≤55 years while the meningococcal polysaccharide vaccine is preferred for adults aged >55 years.
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Appendix:  Selected Clinical Trials

A literature search was performed on PubMed/Medline (2000 to February 2011) using the search terms meningococcal conjugate vaccine, MenACWY CRM, and Menveo. The search was limited to studies performed in humans and published in English language.  Reference lists of review articles were searched for relevant clinical trials.
Appendix 1.  Phase III Trial conducted in United States2,3
	Citation
	Reisinger KS, et al. Quadrivalent Meningococcal Vaccination of Adults: Phase III Comparison of an Investigational Conjugate Vaccine, MenACWY-CRM, with the Licensed Vaccine, Menactra2  
Please note that the data from this pivotal trial was analyzed and then published separately for pediatric and adult age groups.  The data shown below represents only adult age group.

	Study Goals
	To compare the safety and immunogenicity of meningococcal oligosaccharide conjugate vaccine versus meningococcal DT conjugate vaccine in healthy adults

	Methods
	Study Design: Multicenter, randomized, observer-blinded, active control, phase III study conducted in the US with non-inferiority and superiority analysis 
Intervention: Single dose (0.5ml) of meningococcal oligosaccharide conjugate vaccine or meningococcal DT conjugate vaccine administered in healthy adults aged 19-55 years of age
Primary Objectives for Immunogenicity3
· Compare percentage of adults with seroresponse directed against N. meningititis serogroups A, C, W-135, and Y between the two vaccines.  Seroreponse is defined as the following:
· For subjects with hSBA titer <1:4 at  baseline, seroresponse is defined as postvaccination hSBA titer ≥1:8

· For subjects with hSBA titer ≥1:4 at baseline, seroresponse is defined as postvaccination hSBA titer of at least 4 times the baseline
Secondary Objectives for Immunogenicity3 
· Compare percentage of subjects with hSBA ≥1:4 and ≥1:8 against N. meningititis serogroups A, C, W-135, and Y between the two vaccines.  Please note that only results for percent hSBA ≥1:8 are reported below.
· Compare hSBA GMTs directed against N. meningititis serogroups A, C, W-135, and Y between the two vaccines; please note that these data are not reported below.
Statistical Analysis3
· Immunogenicity for meningococcal oligosaccharide conjugate vaccine was considered noninferior to meningococcal DT conjugate vaccine for adults aged 19-55 years old for any of the four serogroups if the lower limit of two-sided 95% CI around the difference of percentage of subjects with seroresponse or hSBA ≥1:8 for that serogroup was greater than -10%.
· For superiority, meningococcal oligosaccharide conjugate vaccine was considered to have statistically significant higher immune response compared with the same serogroup of meningococcal DT conjugate vaccine if the lower limit of two-sided 95% CI around difference in percentage of seroreponders or hSBA ≥1:8 was greater than 0.

	Criteria
	Inclusion criteria

· Healthy subjects 19-55 years of age  

	Exclusion criteria

· Exposure to individuals infected with N. meningitidis within 60 days of enrollment 

· Previous meningococcal vaccination at any time or any vaccination within 1 month prior to enrollment 

· Serious acute or chronic illnesses

· Hypersensitivity history to any vaccine component

	Results
	Demographics
Age
Intervention

Age in years (SD)

Male

Asian

Black

White

Hispanic

Other

19-55
Years old
Meningococcal oligosaccharide conjugate vaccine (n=1023)

39.0 (9.6)

24%

4%

8%

81%

6%

1%

Meningococcal DT conjugate vaccine (n=336)

38.7 (9.9)

25%

2%

10%

78%

9%

1%

Immunogenicity at 1 month after vaccination

Meningococcal oligosaccharide conjugate vaccine 
Meningococcal DT conjugate vaccine
Difference

(95% CI)
Analyses for superiority, non-inferiority, or neither criteria met 

Primary Endpoint
Seroresponders (%)

A 

67%

68%

-1 (-7 to 5)
Non-inferiority 

C

67%

58%

9 (3 to 15)
Superiority 
W-135

50%

41%

9 (2 to 17)
Superiority 
Y

56%

40%

16 (9 to 23)
Superiority 
Secondary Endpoint
% of hSBA titers ≥1:8

A 

69%

71%

-2 (-7 to 4)
Non-inferiority 

C

80%

72%

8 (3 to 14)
Superiority 
W-135

94%

90%

4 (0 to 9)
Non-inferiority 

Y

79%

70%

9 (3 to 15)
Superiority 


	Conclusion
	The primary and secondary endpoints for assessing immune response of meningococcal oligosaccharide conjugate vaccine met non-inferiority to meningococcal DT conjugate vaccine in the age group of 19-55 year olds.  Statistical superiority of meningococcal oligosaccharide conjugate vaccine compared to meningococcal DT conjugate vaccine was demonstrated for serotypes C, W-135, and Y when comparing seroresponse in subjects aged 19-55 years.  Similarly, superiority was also seen in percent of hSBA titers ≥ 1:8 in serotypes C and Y.  


Appendix 2.  Phase III Trial Conducted in Latin America3,8
	Citation
	Stamboulian D, et al. Safety and Immunogenicity of an Investigational Quadrivalent Meningococcal CRM 197 Conjugate Vaccine, MenACWY-CRM, Compared with Licensed Vaccines in Adults in Latin America8

	Study Goals
	To compare the safety and immunogenicity of meningococcal oligosaccharide conjugate vaccine versus meningococcal DT conjugate vaccine in healthy adults aged 19-65 years old   

	Methods
	Study Design: Multicenter, randomized, observer-blinded, active control, phase III study conducted in Latin America with non-inferiority and superiority analysis 
Intervention: Single dose (0.5ml) of meningococcal oligosaccharide conjugate vaccine, meningococcal DT conjugate vaccine or meningococcal polysaccharide (if aged greater than 55 years old) in healthy adults. Only a subset of the total study population was selected for analysis of immunogenicity (ie, first 200 subjects in both the 19-34 years and 35-55 years age groups and first 225 subjects in the 56-65 years age group). 
Primary Objective for Immunogenicity3
· None (as primary objective addressed safety)
Secondary Objectives for Immunogenicity3
· Compare percentage of subjects with hSBA ≥1:4 and ≥1:8 against N. meningititis serogroups A, C, W-135, and Y between the two vaccines at one-month in subjects 19-55 years old; please note that only results for percent hSBA ≥1:8 are reported below.
· Compare percentage of subjects with hSBA ≥1:4 and ≥1:8 against N. meningititis serogroups A, C, W-135, and Y between the two vaccines at one-month in subjects 56-65 years old; please note that only results for percent hSBA ≥1:8 will be reported below.
· Compare hSBA GMTs directed against N. meningititis serogroups A, C, W-135, and Y between the two vaccines at one-month in subjects 19-55 years old and in subjects 56-65 years old; please note that these data are not reported below.
Statistical Analysis3
· Refer to statistical analysis described in Appendix 1. 

	Criteria
	Inclusion criteria

· Healthy adults 19-65 year old
	Exclusion criteria

· Similar to criteria described in Appendix I. 

	Results

	Demographics for Immunogenicity per Protocol Population
Age
Intervention

Age in years 

(SD)

Male

19-55

years old 

Meningococcal oligosaccharide conjugate vaccine (n=183)

36.5 (11.2)

17%

Meningococcal DT conjugate vaccine
(n=184)

36.4 (10.9)

23%

56-64

years old  

Meningococcal oligosaccharide conjugate vaccine (n=84)

60.0 (2.5)

18%

Meningococcal polysaccharide vaccine

(n=41)
59.6 (2.3)

22%

Immunogenicity at 1 month after vaccination

Age group 19-55 years old

Age group 56-65 years olda
Meningococcal

oligosaccharide conjugate vaccine

Meningococcal

DT Conjugate

Vaccine

Difference (95% CI) 
Analyses for superiority, non-inferiority, or neither criteria met

Meningococcal

oligosaccharide conjugate vaccine

Meningococcal

polysaccharide

vaccine

Difference (95% CI)

Sero-responders  (%)

A 

78%

77%

0 (-8 to 9)
Non-inferiority 
86%

61%

25 (9 to 41)

C

83%

81%

2 (-6 to 10)
Non-inferiority 
83%

73%

10 (-4 to 27)

W-135

66%

53%

12 (2 to 22)
Superiority 
61%

54%

7 (-11 to 26)

Y

80%

58%

22 (13 to 31)
Superiority
77%

54%

24 (6 to 41)

% of hSBA titers ≥1:8

A 

81%

80%

1 (-7 to 9)
Non-inferiority 
87%

63%

23 (8 to 40)

C

88%

92%

-5 (-11 to 2)
NEITHER
90%
83%

8 (-4 to 23)

W-135

98%

93%

5 (1 to 10)
Superiority
94%

95%

-1 (-9 to 11)

Y

88%

76%

11 (4 to 19)
Superiority
88%
68%

20 (5 to36)

aThe study design was not powered to assess non-inferiority or superiority in this age group.

	Conclusion
	The secondary endpoints for assessing immune response of meningococcal oligosaccharide conjugate vaccine met non-inferiority to meningococcal DT conjugate vaccine in the age group of 19-55 years old with the except of percentage of subjects with ≥1:8 for serogroup C.  Statistical superiority of meningococcal oligosaccharide conjugate vaccine compared to meningococcal DT conjugate vaccine was demonstrated for serotypes W-135 and Y when comparing rate of seroresponse and titers ≥ 1:8 in 19-55 years old.


Appendix 3. Phase III Trial conducted in Costa Rica3,9
	Citation
	Arguedas A, et al. Safety and immunogenicity of one dose of MenACWY-CRM, an investigational quadrivalent meningococcal glycoconjugate vaccine, when administered to adolescents concomitantly or sequentially with Tdap and HPV vaccines9

	Study Goals
	Compare the safety and immunogenicity of meningococcal oligosaccharide conjugate vaccine administered concomitantly or sequentially with Tdap and HPV in healthy 11-18 year olds.  

	Methods

	Study Design: Single-center, randomized, open label, controlled, phase III study comparing meningococcal oligosaccharide conjugate vaccine when given in combination with or sequentially to Tdap and HPV vaccines with non-inferiority analysis 

Intervention: Single dose  meningococcal oligosaccharide conjugate vaccine, Tdap, and HPV administered intramuscularly at different anatomical regions

Primary Objectives for Immunogenicity3
· Percentage of hSBA seroresponders to meningococcal vaccine is noninferior when administered alone (Group 2) or concomitantly with Tdap and HPV (Group 1)
· Percentage of hSBA seroresponders to meningococcal vaccine is noninferior when administered alone (Group 2) or one month after Tdap (Group 3)
· Percentage of immune response to Tdap is non-inferior when Tdap administered alone (Group 3) or concomitantly with meningococcal vaccine and HPV (Group 1) 
Secondary Objectives3
· Please refer to published literature for description of secondary objectives. 
Statistical Analyses3
· Immunogenicity for concomitant and sequential administration of meningococcal oligosaccharide conjugate vaccine was considered noninferior for any of the four serogroups if the lower limit of two-sided 95% CI around the difference of percentage of subjects with seroresponse for that serogroup was greater than -10%.
· Immunogenicity for concomitant administration of Tdap was considered noninferior if the lower limit of two-sided 95% CI around the difference of percentage of subjects with anti-D toxin and anti-T toxin was greater than or equal to 1.0 IU/mL. Also, if the lower limit of two-sided 95% CI for the vaccine group ratios of the anti-PT, anti-FHA, and anti-PRN GMCs are greater than 0.67.

	Criteria
	Inclusion criteria

· Healthy subjects 11-18 years 
· Vaccinated against diphtheria, tetanus, and pertussis
· No prior history of sexual activity or intention of becoming sexually active during study period 
	Exclusion criteria

· Previous meningococcal vaccination anytime or any vaccination within 1 month prior to enrollment

· HPV vaccination any time before enrollment 

· Received any investigational agents or vaccines 3 months prior to enrollment 

· Serious acute, chronic, or progressive illnesses 

· Known or suspected impairment/alteration of immune function

	Results

	Demographics in Per Protocol Population 
Mean age (SD)

Male

Group 1 (Concomitant): 
Meningococcal vaccine + Tdap + HPV (n=540)

13.9 (2.1)

43%

Group 2 (Sequential): 
Meningococcal vaccine→Tdap→HPV (n=541)

13.9 (2.2)

43%

Group 3 (Sequential): 
Tdap→ meningococcal vaccine→ HPV (n=539)

13.8 (2.2)

43%

Immunogenicity of Meningococcal Serogroups at 1 month after vaccination

Group 1

Group 2

Group 3

Concomitant

Non-Inferiority
Group 1 vs. 2
Sequential

Non-Inferiority
Group 3 vs. 2

Seroresponders

(%)
A 

80%
82%

87%

Non-inferiority
NOT MET
C

83%

84%

84%

Non-inferiority
Non-inferiority
W-135

77%

81%

65%

Non-inferiority
NOT MET
Y

83%

82%

78%

Non-inferiority
Non-inferiority
% of hSBA titers ≥1:8

A 

81%

82%

89%

Non-inferiority
NOT MET
C

92% 

90%

93%

Non-inferiority
Non-inferiority
W-13

98%

99%

95%

Non-inferiority
Non-inferiority
Y

93%

93%
92%

Non-inferiority
Non-inferiority
Immunogenicity of Tdap at 1 month after vaccination
The immune response to diphtheria, tetanus, and the PT pertussis antigen was found to be noninferior when Tdap was administered concomitantly with meninogococcal oligosaccharide conjugate vaccine and HPV compared to Tdap.  However, noninferiority was not met with the other two pertussis antigens (FHA and PRN).   

	Conclusion
	The immunogenicity of meningococcal oligosaccharide conjugate vaccine was not affected with concomitant administration of Tdap.  Similarly, the immunogenicity of diphtheria, tetanus, and PT pertussis was not affected with concomitant administration of Tdap with meningococcal oligosaccharide conjugate vaccine; the clinical relevance of lower FHA and PRN GMCs is unknown.
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