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Exclusion Criteria
Exclusion Criteria for first dose of vaccine
· Use of any investigational or non-registered product (drug or vaccine) other than the study vaccines within 30 days preceding the first dose of study vaccine, or planned use during the study period, or administration of an HPV vaccine before study entry.
· Volunteers who were given whole blood, plasma or immunoglobulin treatment within 3 months before vaccination or planned administration during the study period, or received live attenuated vaccine within 28 days or received subunit or inactivated vaccine within 14 days before the study.
· Volunteers with a history of severe allergic reactions requiring medical intervention (e.g. mouth and throat swelling, dyspnoea, hypotension, or shock), or allergy to any vaccine or vaccine components, or serious side reactions to any vaccine.
· Volunteers with a history of epilepsy, convulsions, or a family history of mental illness.
· Volunteers immunocompromised or with a diagnose of congenital or acquired immunodeficiency, Human Immunodeficiency Virus (HIV) infection, lymphoma, leukemia, Systemic Lupus Erythematosus (SLE), rheumatoid arthritis, Juvenile Rheumatoid Arthritis (JRA), inflammatory bowel disease or other autoimmune diseases.
· Volunteers who had been treated with immunosuppressive drugs or systemic administration of corticosteroid drugs in the past 6 months; local administration (such as ointment, eye drops, inhalation or nasal spray) was allowed, but the local administration was not to exceed the dosage recommended in the instructions of the drugs or had any signs of systemic exposure.
· Loss of spleen, functional loss of spleen, and loss of spleen or splenectomy caused by any condition.
· Volunteers with liver and kidney disease, severe cardiovascular disease, diabetes and history of malignant tumour.
· Consider “coagulation disorder” (such as lack of blood coagulation factor, blood coagulopathy, abnormal platelet) or obvious bruise or blood coagulation disorder diagnosed by the doctor.
· Volunteers who were in the period of menstruation or acute illness.
· Volunteers who were pregnant (including positive pregnancy test), or less than 8 weeks after delivery.
· Volunteers with a history of venereal diseases (including syphilis, gonorrhoea, chancroid, sexually transmitted lymphogranuloma, inguinal granuloma, etc.) or with obvious genital warts.
· Volunteers with history of total hysterectomy or pelvic radiation therapy.
· Volunteers with incomplete cervix or abnormal cervical structure.
· Volunteers with a history of abnormal cervical cancer screening or CIN or other relevant diseases as determined by the investigators in the past two years.
· Volunteers with any other factors that were not suitable for participating in the clinical trial according to the investigator's judgment, 
· Volunteers who planned to move out of the study area before the end of the study or leave the area for a long time during the course of the study.
· Volunteers without previous vaginal intercourse.
· Exclusion criteria based on medical examination:
· Positive pregnancy test.
· Hypertension (systolic blood pressure > 150 mmHg and/or diastolic blood pressure> 100 mmHg).
· Axillary body temperature > 37·0℃.
· Suppurative cervicitis (purulent discharge visible to the naked eye).
Exclusion Criteria for second and third doses of vaccines
· Positive urine pregnancy test before vaccination.
· Participants with severe allergic reactions after the first or second dose.
· Participants with serious adverse reactions that were causally associated with the previous vaccination.
· Participants found after the first vaccination to not comply with the inclusion or exclusion criteria for the first dose.
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Clinical assessment procedures
To obtain biopsy specimens of cervical lesions for histopathological evaluation and to ensure standardized, objective clinical management, the following procedures were implemented.
Participants with abnormal cervical cytology were referred for colposcopy, and cervical biopsies were taken as indicated.
Biopsy samples were processed and adjacent histologic sections of each sample were first reviewed by a pathologist at the central laboratory to guide clinical management. Any specimen with a local diagnosis of CIN2 or worse was forwarded to the Department of Pathology, Peking University Shenzhen Hospital, for confirmation. Participants with confirmed CIN2⁺ were withdrawn from the trial and referred for treatment according to standard gynecologic practice.
All biopsy slides were subsequently evaluated by an independent pathology panel comprising three pathologists from different institutions, all blinded to vaccination group and participant identity. Each pathologist independently graded the lesions according to the WHO Classification of Tumours of Female Reproductive Organs [WHO 2014]. Concordance by at least two pathologists was required to establish the final diagnosis. If all three diagnoses differed, the panel chair reviewed the case and issued the final decision after consensus discussion. For each participant, the overall endpoint diagnosis corresponded to the highest histologic grade identified among all reviewed specimens.
· Laboratory assessments and case adjudication 
The testing plan combined cytology evaluation of cervical exfoliated cell samples by liquid-based thin-layer cytology (ThinPrep Cytologic Test, TCT) with high-risk HPV DNA testing, following the 2013 cervical cancer screening guidelines. High-risk HPV DNA testing was performed using the Cobas 4800 HPV test (Roche), which detects HPV16, HPV18, and 12 other high-risk HPV types, with simultaneous typing used for secondary and exploratory endpoints assessing HPV16/18 persistent infections. A Linear Array assay (Roche) was used for typing of other high-risk HPV types in exploratory analyses.
For histological endpoints involving CIN1⁺ or CIN2⁺ lesions, HPV genotyping of paraffin-embedded tissue was performed using the INNO-LiPA HPV Genotyping Extra assay (Fujirebio, Belgium). To ensure that DNA testing corresponded to the histologically confirmed lesion, a pathologist identified the abnormal epithelial area on the H&E reference slide, and adjacent serial sections from the same lesion region were used for DNA extraction. Tissue sections were processed using separate sterile blades and instruments for each sample, with work surfaces cleaned and UV-irradiated between cases. Negative controls were included in each batch to monitor potential contamination.
The Endpoint Committee adjudicated the causal association between histopathological findings and HPV type(s) according to the following rules:
· Single-type infection: if only one high-risk HPV type was detected, the lesion was attributed to that type.
· Multiple-type infection: if two or more high-risk HPV types were detected, the lesion was considered associated with all detected types.
Criteria for referral for colposcopy
Subjects with high-risk HPV DNA positive test results or cytology results greater than ASC-US were referred to colposcopy. Different managements were conducted for different study timepoints: if subjects were referred for colposcopy according to the rules at Month 0 and Month 36, all the referred subjects were taken fixed-point sampling or random four-quadrant biopsy sampling, and an Endo Cervical Curettage (ECC) was performed at the same time for the subjects who were taken random four-quadrant biopsy sampling. For other visits, fixed-point or random four-quadrant (ECC at the same time) biopsy sampling were performed only on patients with obvious cervical lesions according to the judgment of the doctor. 
If cytology was atypical squamous cells (could not exclude HSIL, ASC-H) or high-grade squamous intraepithelial lesion (HSIL), four-quadrant tissue sampling and ECC were performed irrespective of the judgement of the doctor when the subject was referred for colposcopy. The tissue samples taken were paraffin-embedded and hematoxylin-Eosin (HE) stained for pathological diagnosis. HPV typing was performed on paraffin-embedded tissue samples for any CIN1+ lesions diagnosed after enrollment (not include those at Month 0).
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Statistics
The sample size was based on the number of events needed to demonstrate this primary efficacy endpoint of the HPV-2 vaccine in the efficacy Per Protocol Set (ePPS). In order to detect a target vaccine efficacy of 90%, it was calculated that 16 cases of CIN2+ related with HPV 16 and/or HPV 18 were needed to provide at least 90% power to obtain a significant result (defined as lower limit of the 95% confidence interval) with a sample size no less than 9668 healthy 18–30-year-old women. To compensate for HPV 16/18 seropositivity before vaccination and drop-outs, a conservative total of 12,000 participants were to be recruited, 6000 per group. It was expected that a cumulative number of 16 cases would occur by 60 months after vaccination. Comparison of the incidence rates between the two groups was analysed using Fisher's exact probability. Protective efficacy and calculated 98.1% confidence interval (CI) were considered statistically significant if p < 0.019. Efficacy analyses were performed on the efficacy Full Analysis (eFAS) and efficacy Per Protocol (ePPS) sets. eFAS included all randomised participants who had a normal or low-grade cytology (negative or ASC-US or LSIL) at Month 0, received at least one dose of vaccine/placebo, and were DNA negative and seronegative for HPV 16 or 18 at Month 0; the ePPS included all randomised participants who met the inclusion criteria, had a normal or low-grade cytology (negative or ASC-US or LSIL) from Month 0 to Month 6, received three doses of vaccine/placebo as per protocol, were DNA negative for HPV 16/18 at Month 0 and Month 6, and were seronegative for HPV 16/18 at Month 0 corresponding to endpoint efficacy analysis.
A secondary evaluation assessed efficacy against 6-month or 12-month persistent HPV 16/18 infections, based on HPV DNA results from exfoliated cervical cell samples collected at scheduled follow-up visits. Persistent HPV infection was defined by consecutive positive HPV DNA results for the same HPV type in cervical exfoliated cell samples collected at scheduled follow-up visits. A 6-month persistent infection required two consecutive positive results approximately six months apart, limited to data collected before the Month 36 visit, when the testing interval changed from six-monthly to annual. A 12-month persistent infection required three consecutive positive results for the same HPV type within 12 months, or positive results at Months 30, 36 and 48. Only virological samples were used to define persistence. A Poisson regression model was used to compare rates between vaccine and placebo groups and calculate protective efficacy with 95% CIs for these persistence endpoints. 
Other secondary assessments included immunogenicity as the differences between the two groups in seroconversion rate and geometric mean titres (GMT) of neutralising HPV 16/18 antibodies at Month 7 calculated by χ2 test/Fisher’s exact test and t test, respectively. With at least 235 participants in each group, the study had greater than 90% power to establish both immunogenicity hypotheses at a 1-sided significance level of 0.025. Assuming a 15% withdrawal rate and some participants being seropositive at baseline, we determined that a sample size of 300 participants per group was required. To compensate for attrition and pre-vaccination seropositivity, we conservatively included 400 participants each in placebo and HPV-2 groups for the Immunogenicity Set. For the secondary evaluation of safety with 6000 participants there was more than 95% power to detect rare AEs with an incidence rate of 1 in 1,000. All statistical analyses were performed using SAS 9.4 software.
Reference
WHO Classification of tumours of the Female Reproductive Organs: WHO Classification of Tumours, 4th Edition, Volume 6, 2014. Eds. Kurman RJ, Carcangiu ML, Herrington CS, Young RH. International Agency for Research on Cancer, Lyon, France.  

Supplementary table 1. Solicited adverse events within 7 days of any dose of placebo or vaccine (Safety Set) 
	Adverse events
	Placebo
	HPV-2
	p-value

	
	(N = 5998)
	(N = 6001)
	

	Local reactions
	
	
	

	Any
	n events
%
	513
8·6%
	1671
27·9%
	< 0·0001

	Pain
	n events
%
	472
7·9%
	1555
25·9%
	< 0·0001

	Itching
	n events
%
	77
1·3%
	276
4·6%
	< 0·0001

	Swelling
	n events
%
	16
0·3%
	131
2·2%
	< 0·0001

	Redness
	n events
%
	23
0·4%
	110
1·8%
	< 0·0001

	Induration
	n events
%
	1
0·02%
	78
1·3%
	< 0·0001

	Solicited adverse events
	
	
	

	Any
	n events
%
	1924
32·1%
	2069
34·5%
	0·0053

	Fever
	n events
%
	1582
26·4%
	1641
27·4%
	0·232

	Headache
	n events
%
	382
6·4%
	476
7·9%
	0·001

	Fatigue
	n events
%
	201
3·4%
	288
4·8%
	< 0·0001

	Nausea/Vomiting 
	n events
%
	125
2·1%
	122
2·0%
	0·847

	Diarrhea
	n events
%
	93
1·6%
	94
1·6%
	1·000

	Myalgia
	n events
%
	72
1·2%
	113
1·9%
	0·003

	Allergic condition
	n events
%
	33
0·6%
	34
0·6%
	1·000

	Data are presented as number of events (n) and percentage of participants reporting the event (%).
P-values were calculated using chi-square or Fisher’s exact test, as appropriate.
All solicited adverse events were recorded for 7 days following each dose.
HPV-2: Bivalent human papillomavirus vaccine.



Supplementary table 2. Occurrence and outcomes of pregnancies during the study
	Events associated with pregnancy
	Placebo
	HPV-2

	
	(N = 5998)
	(N = 6001)

	Pregnant participants
	209
(3·5%)
	190
(3·2%)

	Cases of pregnancy
	209
	191

	Outcomes
	n events
(%)
	
	

	Undelivered
	151
(72·2%) a
	125
(65·.4%) a

	Induced abortion
	150
(71·2%) a
	123
(64·4%) a

	Spontaneous abortion
	1
(0·5%) a
	2
(1·0%) a

	Babies delivered
	58 
(27·8%) a
	66
(34·6%) a

	Healthy full-term newborn
	55
(94·8%) b
	65
(98·5%) b

	Birth defects
	0
	0

	Neonatal death
	1
(1·7%) b
	0

	Premature
	2
(3·4%) b
	1
(1·5%) b

	Number of newborns
	58
	67

	Occurrence of SAEs 
	3
(5·2%) b
	1
(1·5%) b

	a: Percentage with total cases of pregnancy as denominator
b: Percentage with total numbers of deliveries as denominator 
SAEs: Serious adverse events; HPV-2: Bivalent human papillomavirus vaccine.




Supplementary table 3. Neutralizing antibodies in the Placebo and HPV-2 groups (Per Protocol Immunogenicity set).
	
	Placebo
	HPV-2
	p-value HPV-2 vs Placebo

	N = 
	347
	350
	

	HPV 16
	
	
	
	

	Baseline
	GMT
(95% CI)
	22·.7
(21·4–24·1)
	23·2
(21·9–24·6)
	0·633

	Month 7
	GMT
(95% CI)
	22·9
(21·5–24·3)
	3145
(2803–3529)
	< 0·0001

	
	GMI a
(95% CI)
	1·01
(0·96–1·05)
	136
(120–153)
	< 0·0001

	
	Seropositives b n
%
(95% CI)
	22
6·3%
(4·0–9·4)
	349
99·7%
(98.4–100)
	< 0·0001

	
	Seroconverted c n
%
(95% CI)
	9
2·6%
(1·2–4·9)
	349
99·7%
(98·4–100)
	< 0·0001

	HPV 18
	
	
	

	Baseline
	GMT
(95% CI)
	21·6
(20·6–22·6)
	21·2
(20·4–22·1)
	0·602

	Month 7
	GMT
(95% CI)
	21·6
(20·7–22·5)
	2309
(2040–2614)
	< 0·0001

	
	GMI a
(95% CI)
	1·00
(0·98–1·02)
	109
(95·6–124)
	< 0·0001

	
	Seropositives b n
%
(95% CI)
	16
4·6%
(2·7–7·4)
	348
99·4%
(98·0–99·9)
	< 0·0001

	
	Seroconverted c n
%
(95% CI)
	5
[bookmark: _Hlk199170515]1·4%
(0·5–3·3)
	347
99·1%
(97·5–99·8)
	< 0·0001

	a: GMI = Geometric mean-fold increase 
b: Seropositive = titre ≥ 40
c: Seroconversion = became seropositive from baseline seronegative, or if seropositive at baseline displayed ≥ 4-fold increase in titre by Month 7



Supplementary table 4. Sensitivity analysis of HPV-2 vaccine efficacy against CIN2+ and persistent infection with HPV 16 and/or 18 in the alternative PPE population 
	Analysis set
	Placebo group
	HPV-2 group
	Protective efficacy
% (CI) a
	p-value

	
	N
	Cases
	Person years
	Person-year rate
% (95% CI)
	N
	Cases
	Person years
	Person-year rate
% (95% CI)
	
	

	Protective efficacy against CIN2+ associated with HPV 16 and/or 18

	ePPSb
	5167
	14
	17215.7
	0.081
(0.044–0.136)
	5190
	3
	17229.8
	0.017
(0.004–0.051)
	78.6%
(23.3–96.1)
	0.012

	ATP-Ec
	5513
	16
	18334.6
	0.087
(0.050, 0.142)
	5481
	3
	18171.7
	0.017
(0.003, 0.048)
	81.1%
(33.9–96.5)
	0.005

	PPEd
	5542
	16
	18423.6
	0.087
(0.050–0.141)
	5516
	3
	18287.2
	0.016
(0.003–0.048)
	81.1%
(34.0–96.5)
	0.005

	Efficacy against 6 months persistent infection with HPV 16 and/or 18

	ePPS 
	5144
	33
	12010.5
	0.275
(0.189–0.386)
	5177
	4
	12130.4
	0.033
(0.009–0.084
	88.0%
(66.3–96.9)
	< 0.0001

	PPEd
	5518
	40
	12859.5
	0.311
(0.222–0.424)
	5501
	4
	12882.9
	0.031
(0.008–0.079)
	90.0%
(72.4–97.4)
	<.0001

	Efficacy against 12 months persistent infection with HPV 16 and/or 18

	ePPS
	5151
	13
	17129.2
	0.076
(0.040–0.130)
	5188
	3
	17207.5
	0.017
(0.004–0.051)
	77.0%
(16.4–95.8)
	0.021

	PPEd
	5529
	17
	18333.5
	0.093
(0.054–0.148)
	5512
	3
	18256.6
	0.016
(0.003–0.048)
	82.3%
(38.7–96.7)
	0.0027

	a: Calculated by Poisson or Poisson exact.
b: Per-protocol set (ePPS) included participants who met all inclusion/exclusion criteria and were randomized, had normal or low-grade cytology (negative, ASC-US, or LSIL) at months 0–6, completed all three vaccine doses per protocol, were HPV 16/18 DNA negative at months 0 and 6 for the specific endpoint analysis, and were HPV 16/18 seronegative at month 0 for the specific endpoint analysis.
c: ATP-E (according‐to‐protocol cohort for efficacy), following other bivalent HPV efficacy study definition (Zhu 2017) definition, includes subjects who met all inclusion/exclusion criteria and were randomized, completed the full vaccination series according to protocol,had normal or low-grade cytology (negative, ASC-US, or LSIL) at months 0, are baseline HPV type-specific DNA negative and seronegative, and had no major protocol deviations 
d: PPE (per-protocol efficacy) following the quadravalent HPV efficacy study definition (Wei 2019), includes subjects who met all inclusion/exclusion criteria and were randomized, completed the full vaccination series according to protocol,are baseline HPV type-specific DNA negative and seronegative, and had no major protocol deviations 
CI: Confidence interval; ATP-E: According-to-protocol efficacy cohort; PPE: Per-protocol efficacy population.
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Zhu FC, et al. Efficacy, immunogenicity, and safety of the HPV-16/18 AS04-adjuvanted vaccine in Chinese women aged 18-25 years: event-triggered analysis of a randomized controlled trial. Cancer Med. 2017 Jan;6(1):12-25.
Supplementary Table 5. Vaccine efficacy against 6-month persistent infection with high-risk HPV types other than HPV 16/18 (PPS-3)
	
	Placebo group
	HPV-2 group
	

	
	N
	Cases
	Person years
	Person-year rate
% (95% CI)
	N
	Cases
	Person years
	Person-year rate
% (95% CI)
	Protective efficacy
% (CI) a
	p-value

	31
	3747
	3
	8817.6
	0.034(0.007, 0.099)
	3757
	2
	8810.5
	0.023(0.003, 0.082)
	33.282(-482.435, 94.427)
	1.0000

	33
	3747
	0
	8820.5
	0.000(0.000, 0.042)
	3757
	4
	8808.4
	0.045(0.012, 0.116)
	-999800.000(-999800.000, 33.895)
	0.1247

	35
	3747
	2
	8819.5
	0.023(0.003, 0.082)
	3757
	0
	8812.1
	0.000(0.000, 0.042)
	100.000(-432.900, 100.000)
	0.5004

	39
	3747
	15
	8800.6
	0.170(0.103, 0.283)
	3757
	25
	8789.2
	0.284(0.192, 0.421)
	-66.884(-216.530, 12.014)
	0.1169

	45
	3747
	2
	8817.9
	0.023(0.003, 0.082)
	3757
	2
	8810.5
	0.023(0.003, 0.082)
	-0.080(-1280.784, 92.746)
	1.0000

	51
	3747
	17
	8800.3
	0.193(0.120, 0.311)
	3757
	18
	8790.9
	0.205(0.129, 0.325)
	-5.996(-105.668, 45.372)
	0.8633

	52
	3747
	23
	8791.3
	0.262(0.174, 0.394)
	3757
	16
	8795.4
	0.182(0.111, 0.297)
	30.467(-31.612, 63.264)
	0.2643

	56
	3747
	11
	8806.4
	0.125(0.069, 0.226)
	3757
	9
	8802.1
	0.102(0.053, 0.197)
	18.143(-97.535, 66.079)
	0.6560

	58
	3747
	24
	8793.7
	0.273(0.183, 0.407)
	3757
	19
	8790.9
	0.216(0.138, 0.339)
	20.808(-44.567, 56.619)
	0.4474

	59
	3747
	14
	8804.0
	0.159(0.094, 0.268)
	3757
	14
	8796.0
	0.159(0.094, 0.269)
	-0.091(-109.952, 52.283)
	0.9981

	66
	3747
	13
	8804.5
	0.148(0.086, 0.254)
	3757
	9
	8800.5
	0.102(0.053, 0.197)
	30.738(-62.032, 70.393)
	0.3970

	68
	3747
	19
	8798.0
	0.216(0.138, 0.339)
	3757
	10
	8802.1
	0.114(0.061, 0.211)
	47.393(-13.134, 75.538)
	0.1002


Notes: 
Because follow-up visits were conducted at 6-month intervals only up to Month 36, the analysis of 6-month persistent infection was limited to data collected before the Month 36 visit.
Per-Protocol Set 3 (PPS-3) include those met all inclusion and exclusion criteria, were randomized, had normal or low-grade cytology (negative, ASC-US, or LSIL) at Months 0 and 6, received all three scheduled doses per protocol, were HPV DNA-negative for all high-risk types at Months 0 and 6, and were seronegative for HPV-16 and HPV-18 at Month 0..
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