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Executive Summary:  

· The bivalent human papillomavirus types 16/18 recombinant vaccine (bivalent HPV vaccine) is FDA approved for the prevention of cervical dysplasia, precancer, and cancer caused by HPV-16/18 in females aged 10-25. The vaccine comes as a single-dose vial or prefilled syringe and does not require resuspension or dilution. Three doses (0.5mL each) are given by intramuscular injection at months 0, 1, and 6.

· Compared to a hepatitis A control vaccine, the bivalent HPV vaccine demonstrated 92% efficacy against HPV-16/18-associated cervical intraepithelial neoplasia grade 2 or higher (CIN2+) in healthy women aged 15-25 in the according-to-protocol cohort for efficacy. In a long-term follow-up trial, the vaccine showed sustained efficacy up to 7.3 years. 

· A pooled analysis of 23713 women assessed vaccine safety. Women who received the bivalent HPV vaccine reported injection-site reactions more often than women receiving a control vaccine. The rate of serious adverse events (SAEs) was similar between the vaccine and control groups (5.3 vs. 5.9%). In postmarketing surveillance, syncope was the most commonly-reported serious adverse event. 
· The bivalent HPV vaccine appears to be an efficacious and safe alternative to the quadrivalent human papillomavirus types 6/11/16/18 recombinant vaccine (quadrivalent HPV vaccine) for the prevention of cervical dysplasia, precancer, or cancer associated with HPV-16/18.  Thus, ACIP recommends routine vaccination of females aged 11 or 12, and catch-up vaccination up to age 25, with either the bivalent or quadrivalent HPV vaccine. Unlike the quadrivalent HPV vaccine, the bivalent HPV vaccine does not contain HPV types 6/11 and thus lacks the ability to prevent genital warts.  

Introduction

The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to evaluating the bivalent human papillomavirus (types 16/18) recombinant vaccine for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology/Pharmacokinetics1-3
The bivalent HPV vaccine contains two types of purified virus-like particles of the major capsid L1 protein of HPV types 16 and 18. It includes AS04, an adjuvant consisting of 3-O-desacyl-4’-monophosphoryl lipid A adsorbed onto aluminum hydroxide salts. This is the first vaccine licensed in the United States that uses the AS04 adjuvant. An AS04-adjuvanted hepatitis B vaccine has been shown to elicit an earlier and more robust immune response in hemodialysis patients compared with a standard hepatitis B vaccine (aluminum hydroxide adjuvant).2 There are no data correlating immune response to the HPV vaccine with clinical efficacy.3
FDA Approved Indications and Off-label Uses1
The bivalent HPV vaccine is indicated for use in females aged 10-25 for prevention of the following diseases caused by oncogenic HPV types 16 and 18:

· Cervical cancer

· Cervical intraepithelial neoplasia (CIN) grade 2 or 3 and adenocarcinoma in situ

· Cervical intraepithelial neoplasia (CIN) grade 1
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 PBM intranet site only). 

The following table highlights FDA indications and ACIP recommendations for each of the two available HPV vaccines. The bivalent HPV vaccine is neither indicated nor recommended for the prevention of genital warts or anal cancer, or for use in males.

Table 1. Uses of Bivalent and Quadrivalent HPV Vaccines

	
	Bivalent HPV Vaccine
	Quadrivalent HPV Vaccine

	FDA Approved Indication(s)
	In females aged 10-25:

-Prevention of cervical cancer, precancer, and dysplasia caused by HPV-16/18
	In females aged 9-26:

- Prevention of cervical, vulvar, and vaginal cancer caused by HPV-16/18

-Prevention of cervical, vulvar, and vaginal precancer and dysplasia caused by HPV-6/11/16/18

In females and males aged 9-26:

-Prevention of genital warts caused by HPV-6/11

-Prevention of anal cancer and precancer caused by HPV-6/11/16/18

	ACIP Recommendations
	-Routine vaccination of females aged 11 or 12

-Catch-up vaccination of females up to age 25
	-Routine vaccination of females aged 11 or 12

-Catch-up vaccination of females up to age 26

-May vaccinate males aged 9-26 to prevent genital warts


Current VA National Formulary Alternatives

The quadrivalent HPV vaccine is on the National Formulary with Criteria for Use. 

Dosage and Administration1
Three doses (0.5-mL each) to be given by intramuscular injection at months 0, 1, and 6. The preferred site of administration is the deltoid region of the upper arm. The vaccine is available as a single-dose vial or prefilled syringe and does not require dilution or resuspension. Shake well before use.
Efficacy3-11
Trials reviewed in this monograph include the phase III efficacy trial, a long-term efficacy follow-up to the phase II trial, two phase III age-bridging immunogenicity trials, and a head-to-head immunogenicity comparison of the two available HPV vaccines.

Phase III Efficacy Trial4 

The pivotal phase III efficacy trial enrolled healthy women aged 15-25. Women were randomized to receive either the bivalent HPV vaccine or a control hepatitis A vaccine (containing 720 EU of inactivated hepatitis A antigen and 0.5mg aluminum hydroxide) at months 0, 1, and 6. Mean follow-up was 34.9 months after the third dose. 
· The primary objective was efficacy against HPV-16/18-associated cervical intraepithelial neoplasia 2, 3, or adenocarcinoma in situ (CIN2+) in the according-to-protocol-cohort for efficacy (ATP-E, n = 16162). The ATP-E cohort included women who received all three vaccine doses. Women were eligible for analysis if they were HPV seronegative at baseline and HPV DNA negative at baseline and 6 months for the HPV types being analyzed. Vaccine efficacy against CIN2+ was 92.9% (96.1% CI: 79.9-98.3). Vaccine efficacy against individual subtypes 16 and 18 was 95.7% (82.9-99.6) and 86.7% (39.7-98.7), respectively. Efficacy against CIN2+ with any oncogenic, non-vaccine HPV type was 54.0% (34-68.4), and efficacy against CIN2+ with any oncogenic HPV type was 61.9% (46.7-73.2). 

· The total vaccinated cohort (n = 18644) included women who received at least one vaccine dose regardless of baseline HPV DNA status, serology, or cytology. This cohort included women with current or prior HPV infection. Vaccine efficacy against CIN2+ associated with HPV-16/18 was 52.8% (96.1% CI: 37.5-64.7). Efficacy against CIN2+ with any oncogenic HPV type was 30.4% (16.4-42.1).

· The total vaccinated cohort – naïve (n = 11641) included women who received at least one vaccine dose and who had baseline normal cytology, HPV-16/18 seronegativity, and HPV DNA-negativity for all oncogenic types. Vaccine efficacy against CIN2+ associated with HPV-16/18 was 98.4% (96.1% CI: 90.4-100). Efficacy against CIN 2+ with any oncogenic HPV type was 70.2% (54.7-80.9). 

Long-term efficacy follow-up5-7
A randomized, double-blind, placebo-controlled phase II trial assessed vaccine efficacy against CIN2+.5 Healthy women aged 15-25 were included if they had normal cervical cytology, were HPV-16/18 seronegative, and were DNA-negative for all oncogenic HPV types (n=1113). Women who received all three vaccine doses in the initial study were eligible to continue into a long-term follow-up study (n = 776 continued).6 Mean follow-up duration was 5.9 years with a maximum of 6.4 years. The following results are from the final combined analysis of the initial and follow-up studies.

· In the according-to-protocol cohort, efficacy against CIN2+ associated with HPV-16/18 was 100% (95% CI: 51.3-100). There were 0/481 cases of CIN2+ in the vaccine group and 9/470 cases in the control group (Al(OH)​3) 

· In the total vaccinated cohort, efficacy against CIN2+ associated with any oncogenic HPV type was 71.9% (20.6-91.9). There were 5/505 cases of CIN2+ in the vaccine group and 17/497 cases in the control group.

A subset of women who were seen at Brazilian study centers (n=433) continued into an additional extension study.7 
· The primary objective was efficacy against incident cervical infection associated with HPV-16/18. The vaccine showed efficacy of 94.5% (95%CI: 82.9-98.9%) at a mean follow-up time of 7 years. 

· Efficacy against CIN2+ was 100% (-129.8-100%). There were 0/219 cases of CIN2+ in the vaccine group and 3/212 in the control group. 
Age-bridging immunogenicity trials8,9 

There have been two non-randomized, open-label, phase III age-bridging trials. The vaccine demonstrated immunogenic non-inferiority in women aged 26-55 and in women aged 10-14.

· In the first trial, females aged 15-55 (n = 664) were vaccinated and age-stratified for analysis. One month after the third dose, all age groups (15-25, 26-45, and 46-55) had 100% seroconversion.

· In the other trial, females aged 10-25 (n = 773) were vaccinated and age-stratified for analysis. One month after the third dose, both the 10-14 and the 15-25 year-old cohorts had 100% seroconversion. Geometric mean neutralizing antibody titers (GMTs) were more than twice as high in women aged 10-14 compared with those aged 15-25.

Head-to-head immunogenicity comparison3,10,11
A randomized, observer-blind study compared the immunogenicity of the bivalent HPV vaccine with that of the quadrivalent HPV vaccine in women aged 18-45 years (n = 1106). Results were assessed at month 7.

· The bivalent HPV vaccine induced significantly higher GMTs in all age groups as compared with the quadrivalent vaccine. GMT levels were 2.3-4.8 times higher for HPV 16 and 6.8-9.1 times higher for HPV 18, depending on the age group.

· The proportion of women who developed a detectable memory B cell response for HPV-16 was similar between groups [89.9% (95% CI: 79.2-96.2) for bivalent and 94.3% (84.3-98.8) for quadrivalent]. The memory B cell response for HPV-18 was higher in the bivalent vaccine group [88.7% (78.1-95.3) vs. 66.1% (52.6-77.9)]. The frequency of HPV-16/18-specific memory B cells per million memory B cells was 2.7 times higher with the bivalent vaccine.

· The manufacturer of the bivalent vaccine speculates that a more robust antibody response may promote a longer duration of protection. According to the ACIP minutes, there are no data correlating antibody titers or memory B cell response with clinical efficacy, and both vaccines have shown high efficacy for the duration of follow-up studies. Thus, the clinical significance of the bivalent vaccine’s more robust immune response is unknown. 
Adverse Events (Safety Data)1,10,12 

The prescribing information contains pooled safety data from controlled and uncontrolled trials involving 23713 females aged 10-25. In these trials, 12785 females received at least one dose of the bivalent HPV vaccine, and 10,928 females received at least one dose of control vaccine (360 or 720 EU of hepatitis A antigen or Al(OH)3). Some of the subjects assigned to control vaccine received three 720 EU doses of the hepatitis A vaccine at months 0, 1, and 6. According to current ACIP and FDA recommendations, the 720 EU hepatitis A vaccine should be administered to children aged 1-18 years in two doses at months 0 and 6-12. Adults aged 19 or older should receive the 1440 EU dose at months 0 and 6-12.

A separate published, pooled safety analysis of almost 30000 females12 is not presented here since the prescribing information presents a similar analysis. Please see the published study for details.

Common Adverse Events1,10 

Local reactions were reported more often with bivalent HPV vaccine than with control. In 84% of recipients, vaccine-site reactions were mild to moderate. The comparative trial of the bivalent and quadrivalent vaccines found that solicited local reactions occurred more frequently with the bivalent than with the quadrivalent. Injection site pain was the most frequently solicited local reaction [92.9% (95% CI: 90.4, 95.0) for bivalent vs. 71.6% (67.5-75.4) for quadrivalent]. Unsolicited general reactions were comparable between bivalent and quadrivalent vaccines, with the exception of fatigue [49.8% (95% CI: 45.5-54.2) vs. 39.8% (35.6-44.1)] and myalgia [27.6% (95% CI: 23.8-31.6) vs. 19.6% (16.3-23.3)]. 
Table 2. Rates of solicited adverse events within 7 days of vaccinationa

	Adverse Event
	Bivalent HPV Vaccine 
(n=6431), %
	Hepatitis A Vaccine (720b) 
(n=3079), %
	Hepatitis A Vaccine (360c)
(n=1027), %
	Al(OH)3 
(n=549), %

	Pain
	91.8
	78.0
	64.2
	87.2

	Redness
	48.0
	27.6
	25.2
	24.4

	Swelling
	44.1
	19.8
	17.3
	21.3

	Fatigue
	55.0
	53.7
	42.3
	53.6

	Headache
	53.4
	51.3
	45.2
	61.4

	GI
	27.8
	27.3
	24.6
	32.8

	Fever >99.5
	12.8
	10.9
	16.0
	13.5

	Rash
	9.6
	8.4
	6.7
	10.0

	Myalgiad
	49.1
	44.9
	33.1
	--

	Arthralgiad
	20.8
	17.9
	19.9
	--

	Urticariad
	7.4
	7.9
	5.4
	--


aadapted from package insert

b720 EU of antigen and aluminum hydroxide

c360 EU of antigen and aluminum hydroxide

dThese events were solicited from a subset of subjects (n=5881 in bivalent HPV vaccine group, no change in n for other groups)

Other Adverse Events1

Table 3. Rates of unsolicited adverse events within 30 days of vaccinationa

	Adverse Event
	Bivalent HPV Vaccine 
(n=6654), %
	Hepatitis A Vaccine (720b)
(n=3186), %
	Hepatitis A Vaccine (360c)
(n=1032), %
	Al(OH)3
(n=581), %

	Headache
	5.3
	7.6
	3.3
	9.3

	Nasopharyngitis
	3.6
	3.4
	5.9
	3.3

	Influenza
	3.2
	5.6
	1.3
	1.9

	Pharyngolaryngeal pain
	2.9
	2.7
	2.2
	2.2

	Dizziness
	2.2
	2.6
	1.5
	3.1

	Upper respiratory infection
	2.0
	1.3
	6.7
	1.5

	Chlamydia infection
	2.0
	4.4
	0.0
	0.0

	Dysmenorrhea
	2.0
	2.3
	1.9
	4.0

	Pharyngitis
	1.5
	1.8
	2.2
	0.5

	Injection site bruising
	1.4
	1.8
	0.7
	1.5

	Vaginal infection
	1.4
	2.2
	0.1
	0.9

	Injection site pruritis
	1.3
	0.5
	0.6
	0.2

	Back pain
	1.1
	1.3
	0.7
	3.1

	Urinary tract infection
	1.0
	1.4
	0.3
	1.2


aadapted from package insert
b720 EU of antigen and aluminum hydroxide
c360 EU of antigen and aluminum hydroxide
Deaths1
In completed and ongoing studies that include 57323 females aged 9-72, there were 20 deaths in subjects who received the bivalent HPV vaccine and 17 deaths in subjects who received the control. Causes of death were consistent with those reported in the adolescent and adult female populations.
Table 4. Deaths reported during clinical trials
	Cause of Death
	Bivalent HPV Vaccine  
(n = 33626), #
	Control Vaccine
(n = 23700), #

	Motor vehicle accident
	5
	5

	Suicide
	2
	5

	Neoplasm
	3
	2

	Autoimmune disease
	3
	1

	Infectious disease
	3
	1

	Homicide
	2
	1

	Cardiovascular disorder
	2
	0

	Unknown
	0
	2


Serious Adverse Events1,3,13
· Neither p-values nor confidence intervals were provided in the analysis of serious adverse events.

· The rate of serious adverse events was 5.3% (862/16142) of subjects of received the bivalent HPV vaccine and 5.9% (814/13811) of subjects who received a control vaccine.
· The incidence of new-onset autoimmune diseases was 0.8% (95/12533) of subjects receiving the bivalent vaccine and 0.8% (87/10730) of subjects receiving a control vaccine. At the time of FDA review, the AS04 adjuvant in the bivalent HPV vaccine had been used in other countries but not in the United States. For this reason, the FDA requested that the manufacturer review published safety data concerning reports of new-onset autoimmune diseases in subjects receiving AS04-adjuvanted vaccines worldwide. The analysis13 included 68512 patients who had received HPV-16/18, herpes simplex virus, or hepatitis B vaccines adjuvanted with AS04. The reported rate of autoimmune adverse events was approximately 0.5% and did not differ between the AS04 and control groups.    
· A sub-analysis evaluated pregnancy outcomes in women who had had their last menstrual period within 30 days prior to or 45 days after a vaccine dose, and for whom pregnancy outcome was known (n = 761). The rates of spontaneous abortion were 13.6% in the vaccine group and 9.6% in the control group. According to ACIP, the clinical trials were not designed to study pregnancy outcomes, and these rates are within expected background ranges (9-21%). Furthermore, no other data from preclinical or clinical studies suggest a vaccine-related mechanism of action. The bivalent HPV vaccine is Pregnancy Category B based on animal studies. The prescribing information recommends use in pregnancy only if clearly needed.
Tolerability4,10
In the pivotal phase III trial, 92% of subjects completed the full series of three vaccinations. In the study comparing the bivalent and quadrivalent HPV vaccines, 84% of patients in both groups completed the full series. 
Contraindications1
The bivalent HPV vaccine is contraindicated in patients who have had severe allergic reactions (e.g. anaphylaxis) to any component of the vaccine.
Warnings and Precautions1
· Syncope has been reported following administration of the bivalent HPV vaccine. The manufacturer recommends observation for 15 minutes after administration. 
· Latex is present in the tip cap and/or plunger of prefilled syringes and may cause allergic reactions in sensitive individuals. The vial stopper does not contain latex.
· Caution should be exercised when the bivalent vaccine is administered to nursing mothers. There are no human studies of excretion of vaccine-induced antibodies in human milk. Rat studies suggest that anti-HPV-16/18 antibodies are transferred via milk during lactation.
Postmarketing Safety Experience1,14
· Immune System Disorders: allergic reactions, angioedema, erythema multiforme
· Nervous System Disorders: syncope or vasovagal responses. Syncope was the most commonly-reported serious adverse event (4 reports per million doses distributed). According to the FDA, this rate is comparable with other vaccines administered to adolescents.

· Worldwide postmarketing surveillance data exists from the period of the vaccine’s launch in Australia (May 2007) through May 2009, during which nearly 7 million vaccine doses had been distributed. In this period, 4813 adverse events were reported. A majority (93%) were considered non-serious. One death was reported that was not related to vaccination. A 12-year old female died from Group A streptococcal septicemia three weeks after the second vaccine dose.
Sentinel Events
No data
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 four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:
LA/SA for generic name: Human papillomavirus (Types 16, 18) Vaccine
· Papillomavirus types 6,11,16,18 Vaccine
LA/SA for trade name: Cervarix®
· Cerebyx®; Celebrex®; VarivaxTM
Drug Interactions1,3,15,16
· Immunosuppressive therapies including irradiation, antimetabolites, alkylating agents, cytotoxic drugs and supraphysiologic doses of corticosteroids may reduce immune response to the vaccine.
Concomitant Administration of Vaccines

· According to the package insert, there are no data to assess the concomitant use of the bivalent HPV vaccine with other vaccines.

· ACIP states that the bivalent HPV vaccine may be coadministered with the diptheria-tetanus-acellular pertussis (Tdap, Boostrix®) or the meningococcal conjugate vaccine (MCV4, Menactra®) vaccine.3 This recommendation is based on an abstract presented at the 2009 IDSA meeting.15 A study of females aged 11-18 (n=1283) demonstrated immunogenic non-inferiority for the bivalent HPV vaccine when it was coadministered with either the Tdap or meningococcal vaccine.

· A published clinical study16 in women aged 10-18 (n=751) demonstrated immunogenic non-inferiority for the bivalent HPV vaccine when it was coadministered with the Tdap-inactivated poliovirus vaccine (Boostrix Polio®, not available in United States). 

Acquisition Costs 

Table 5. Comparison of costs for HPV vaccinationa
	Vaccine
	Cost / Dose ($)
	Cost / Complete 3-Dose Series ($)

	Bivalent HPV Vaccine
	85.31
	255.93

	Quadrivalent HPV Vaccine
	93.10
	279.30


aData obtained January 2011 (BIG4 Prices).
Pharmacoeconomic Analysis3,17,18

The ACIP cost-effectiveness discussion focuses on studies involving routine vaccination of 12 year old females.3 This is not a feasible strategy for the VA population, so results of these studies will not be discussed further. ACIP concluded that prevention of cervical disease is the most important factor in cost-effectiveness, but that added protection against genital warts improves cost-effectiveness. Several unresolved variables impact cost-effectiveness, particularly the duration of vaccine protection and the degree of cross-protection against non-vaccine HPV types. 

There are two published studies that describe the cost-effectiveness of vaccinating women older than age 12. 

· Brisson et al17 reported an incremental cost-effectiveness ratio (ICER) of CAN$65,000 (2005 CAN) per quality-adjusted life year (QALY) when vaccinating females at age 25 with the bivalent HPV vaccine, compared with an ICER of CAN$31,000/QALY when vaccinating females at age 12. Assumptions included 95% vaccine efficacy and lifelong coverage. Results were most sensitive to age at vaccination, duration of protection and vaccine cost. The authors conclude that routine vaccination of adolescent women aged 12-20 is likely to result in a cost-effective reduction of cervical cancer cases (using a CAN$40,000 per QALY-gained threshold). However, it is not clear whether vaccination is cost-effective if performed later in life. Additional cost savings may be gained by vaccinating with the quadrivalent HPV vaccine. Routine vaccination of females aged 25 results in an ICER of CAN$44,000/QALY. Results are highly sensitive to QALYs lost due to genital warts, for which there are limited published data.

· Kim and Goldie18 evaluated the cost-effectiveness of combining routine vaccination of 12 year olds with a five year period of catch-up vaccinations for women up to age 26. They reported an ICER of $152,700/QALY (2006 USD) compared with $43,600/QALY when vaccinating only 12 year olds. They assumed 100% vaccine efficacy and lifelong coverage. Results were sensitive to duration of protection and degree of cross-protection against non-vaccine HPV types. If vaccine efficacy lasted only 10 years, the ICER would increase to over $200,000/QALY. Adding 27.1% cross-protection against other oncogenic HPV types decreased the ICER to $129,500. Adding coverage against HPV-6/11 decreased the ICER by 13% to $133,600/QALY. The authors conclude that routine vaccination of females aged 12 against HPV-16/18 is economically attractive (using a $50,000 per QALY-gained threshold). Extension of a catch-up program to older women is less cost-effective.

Conclusions
The bivalent HPV vaccine is FDA approved for use in females aged 10-25. In the pivotal phase III trial, the vaccine was 92% efficacious against CIN2+ associated with HPV-16/18. Efficacy was demonstrated in healthy women aged 15-25 who met the following criteria: normal to low-grade cytology at baseline, HPV-16/18 seronegative at baseline, and HPV-16/18 DNA negative at baseline. Some efficacy was shown against CIN2+ associated with non-vaccine, oncogenic HPV types (61.9%).  The vaccine was 52.8% efficacious against HPV-16/18-associated CIN2+ in the total vaccinated cohort, which included women with prior or existing HPV infection at baseline. An extension to the phase II safety and efficacy trial demonstrated sustained efficacy against HPV-16/18-associated CIN2+ up to 7.3 years.  The vaccine was generally well-tolerated. Local reactions were reported more commonly with vaccine than with placebo, and were generally mild to moderate. The rate of serious adverse events was similar in vaccine vs. placebo (5.3 vs. 5.9%).  Both of the available HPV vaccines have shown efficacy in females against cervical cancer, precancer, and dysplasia associated with HPV-16/18. Both vaccines are recommended by ACIP for routine vaccination of 11 or 12 year old females and for catch-up vaccination up to age 25. Only the quadrivalent vaccine is recommended for prevention of genital warts in males and females. 
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Appendix:  Clinical Trials
A literature search was performed on PubMed/Medline (1966 to January 2011) using the search terms “bivalent HPV vaccine” OR Cervarix. The search was limited to studies performed in humans and published in English language. Reference lists of review articles, the manufacturer’s AMCP dossier, and summary documents on FDA website were searched for relevant clinical trials.
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	Study Goals
	To assess vaccine efficacy against cervical intraepithelial neoplasia associated with HPV

	Methods
	Study Design 

Prospective, randomized, double-blind, controlled, multicenter international trial

Treatment and Measurements

· Participants were randomly assigned 1:1 to receive the study vaccine or a control Hepatitis A vaccine (containing 720 EU of inactivated hepatitis A antigen and 0.5mg aluminum hydroxide) at months 0, 1, and 6. 

· Cervical samples were gathered every six months; Gynaecological and cytopatholigical exams were done every twelve months; PCR was used to test abnormal cervical and biopsy samples for DNA from oncogenic HPV types; Blood samples to assess HPV antibody response were gathered at months 0,7, and 24
Primary Objective

Vaccine efficacy against CIN2+ associated with HPV 16 or 18 in women who received three doses of vaccine, had normal or low-grade cytology (the according-to-protocol cohort for efficacy; see below), were HPV-16/18 seronegative at baseline, and were HPV-16/18 DNA negative at baseline and 6 months 


Secondary and Exploratory Objectives

Efficacy of vaccine against 6 and 12-month persistent infections with HPV-16/18 or any oncogenic type (persistent infection is defined as detection of HPV DNA in consecutive cervical cytology samples); Efficacy against CIN associated with any oncogenic HPV type; Efficacy against CIN irrespective of HPV DNA type in lesion; Reduction of colposcopy referrals; Immunogenicity and safety. Please note that distinction between secondary and exploratory endpoints was not specified in published trial.
Table A1. Analysis Cohorts

Name

n 

Inclusion Criteria

ACIP Description of Cohorts
According-to-protocol cohort for efficacy (ATP-E)

16,162 

- 3 vaccine doses per protocol

- Normal or low-grade cytology at baseline
 Used to evaluate primary efficacy endpoint

Total vaccinated cohort (TVC)

18,644
- At least 1 vaccine dose

- Baseline PCR or cytology available (including those showing evidence of current or prior HPV infection)

Analogous to intention-to-treat cohort; Represents subjects who would be targeted by catch-up vaccination efforts
Total vaccinated cohort-naïve (TVC-naïve)

11,641 

- At least 1 vaccine dose
- Normal cytology at baseline

- HPV-16/18 seronegative at baseline

- HPV DNA negative at baseline
Represents women before sexual debut who would be targeted by mass vaccination efforts

Statistical Analysis

An event-driven endpoint of 36 cases of CIN2+ associated with HPV-16/18 was calculated to have 94% power to meet the primary objective.

	Criteria
	Inclusion criteria

Healthy women aged 15-25 years at time of first vaccination, No more than six lifetime sexual partners before enrollment, Agreed to use adequate contraception (a hormonal method or spermicide plus a barrier method) during vaccination period, Intact cervix
Exclusion criteria

History of colposcopy, Pregnant or breastfeeding, Chronic autoimmune disease or immunodeficiency

	Results
	For complete results please refer to original published article. 

Demographic and baseline characteristics were similar across all cohorts. Mean age was 20.

Table A2. Efficacy among women who received three doses of vaccine according to protocol, had normal or low grade cytology at baseline, and were DNA negative and seronegative for HPV types corresponding to clinical endpoint (ATP-E)

Endpoints
Group

No. Women

No. Cases
Vaccine efficacy (96.1% CI)

p value

Primary Efficacy  Endpoint:

CIN 2+ (HPV-16/18)
Vaccine

7344
4

92% (79.9-98.3)
<0.0001

Control

7312
56

CIN 2+ 
(Non- HPV-16/18)

Vaccine

7863

50

54% (34-68.4)

<0.0001
Control

7853

109

CIN 2+ 
(Any oncogenic HPV)

Vaccine

7863

54

61.9% (46.7-73.2)

<0.0001
Control

7853

142

CIN3+
(HPV-16/18)
Vaccine
7344

2
80% (0.3-98.1)
0.0221
Control
7312

10
6-month persistent infection (HPV-16/18)
Vaccine

7177

29

94.3% (91.5-96.3)
<0.0001

Control

7122

488

12-month persistent infection (HPV-16/18)
Vaccine

7035

20

91.4% (86.1-95.0)
<0.0001

Control

6984

227

Table A3. Efficacy among women who received at least one dose of vaccine, regardless of baseline evidence of past or current HPV infection (TVC)

Endpoints
Group

No. Women

No. Cases
Vaccine efficacy (96.1% CI)

p value

CIN 2+ (HPV-16/18)
Vaccine

8667
82
52.8% (37.5-64.7)
<0.0001

Control

8682
174
CIN 2+ 
(Any oncogenic HPV)

Vaccine

8667

224

30.4% (16.4-42.1)

<0.0001
Control

8682

322

CIN3+
(HPV-16/18)
Vaccine
8667

43
33.6% (-1.1-56.9)
0.0422
Control
8682

65
Table A4. Efficacy among women who received at least one dose of vaccine with no baseline evidence of past or current HPV infection (TVC-naive) 

Endpoints
Group

No. Women

No. Cases
Vaccine efficacy (96.1% CI)

p value

CIN 2+ (HPV-16/18)
Vaccine

5449
1
98.4% (90.4-100)
<0.0001

Control

5436
63
CIN 2+ 
(Any oncogenic HPV)

Vaccine

5449

33

70.2% (54.7-80.9)

<0.0001
Control

5436

110

CIN3+
(HPV-16/18)
Vaccine
5449

0
100% (64.7-100)
0.0422
Control
5436

13


	Conclusions
	The HPV-16/18 vaccine demonstrates efficacy against CIN2+ lesions associated with HPV-16/18 and those associated with some other oncogenic HPV types in healthy young women. 

	Critique
	Strengths

· Large (n = 18644), randomized, controlled trial 

· Representation from North America, Latin America, Europe, and Asia
Limitations

· Limited follow-up duration (mean = 2.9 years)

· 92% completion of full vaccination series in TVC may not represent real-world use
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