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ABSTRACT
The quadrivalent human papillomavirus (4vHPV) vaccine has shown confirmative effectiveness in pre-
venting HPV-related diseases among women and men around the globe. The phase III, randomized, 
double-blind efficacy study (Base study, NCT00834106) conducted in China showed 100% efficacy against 
HPV 16/18-related cervical intraepithelial neoplasia and efficacy against HPV persistent infection for 78  
months. Participants aged 20–45 years who received three doses of 4vHPV vaccine or placebo during the 
base study were selected and invited for this long-term follow-up (LTFU) study to assess the long-term 
effectiveness of the 4vHPV vaccine in preventing HPV-related diseases. A total of 368 participants were 
included in this LTFU study with a median follow-up of 94 months. Among 27 participants (Vaccine vs. 
Placebo: 8 vs. 19) who underwent colposcopy and biopsy due to cervical cytological abnormalities or HPV 
infection, no HPV-16/18-related cases of cervical intraepithelial neoplasia (CIN), vulvar intraepithelial 
neoplasia (VIN), or vaginal intraepithelial neoplasia (VaIN) was observed in the vaccine group while two 
HPV-16-related cases (CIN1/VaIN) were observed in the placebo group. There were another two HPV- 
related cases (non-vaccine HPV types) found in the placebo group. Consistent with the findings from 
global studies that suggested long-term efficacy of 4vHPV vaccine, our study showed continued protec-
tive effect of 4vHPV vaccine against HPV-related precancerous diseases through a median follow-up time 
of 94 months with the longest follow-up time of 125 months after completing three doses of vaccination 
among Chinese women 20–45 years of age.
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Introduction

Human papillomavirus (HPV) is responsible for 690,000 new 
cancer cases (age-standardized incidence rates 8.0 cases per 
100,000 person-years), including 570,000 cervical cancer cases 
per year worldwide based on the 2018 estimate.1 8.6% and 0.8% 
of all cancers in women and men are attributable to HPV, 
respectively.2 In China, HPV causes 110,000 new cancer cases 
in 2018, approximately 14.1% of all cancer cases attributable to 
infectious pathogens indicating a high disease burden.1 

Vaccination with HPV vaccines is a key measure to prevent 
the morbidity and mortality associated with HPV. By now, 
there are three prophylactic HPV vaccines including human 
papillomavirus bivalent (Types 16, 18) vaccine, human papillo-
mavirus quadrivalent (Types 6, 11, 16, 18) vaccine (4vHPV), and 
human papillomavirus 9-valent (9vHPV) vaccine approved by 
the United States Food and Drug Administration (FDA) and the 
European Medicines Agency (EMA),3,4 and have been widely 
used globally. In China, the 4vHPV vaccine and 9vHPV vaccine 
were licensed in May 2017 and May 2018, respectively. Another 
domestically produced bivalent HPV vaccine (Types 16, 18) was 
approved by China’s National Medical Products Administration 
(NMPA) on 31Dec 2019.5

Although the 9vHPV vaccine has been used in females and 
males through 45 years in the US and Europe, it is only approved 
for use in young women aged 16–26 years currently in China, 
thus the 4vHPV vaccine is still playing a critical role in protect-
ing Chinese women above that age from getting HPV infection 
and HPV 6/11/16/18-related lesions. HPV 16 and 18 together 
account for 71% of cervical cancer cases globally,2 and HPV 6 
and 11 account for >90% of the genital wart cases globally.6 The 
efficacy and safety of 4vHPV vaccine in Chinese women aged 20 
to 45 years have been demonstrated in the phase III clinical trial 
(NCT00834106), a randomized, placebo-controlled, double- 
blinded multicenter study.7,8 At the end of the 78-month follow- 
up, efficacy in the per-protocol efficacy (PPE) population was 
100% (95% CI: 32.3, 100; 0 vs 7 cases) against HPV16/18-related 
cervical intraepithelial neoplasia grade 2 or worse (CIN 2+) and 
100% (95% CI: 65.2, 100; 0 vs 12 cases) against HPV16/18- 
related CIN grade 1 or worse (CIN 1+).7

The long-term effectiveness and immunogenicity of 4vHPV 
vaccine in young women have been reported recently in Nordic 
countries. The long-term follow-up (LTFU) study based on the 
FUTURE II efficacy study (NCT00092534) suggested durable 
protection offered by 4vHPV vaccine against HPV 16/18- 
related high-grade cervical dysplasia in trial participants 
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vaccinated as adolescents or young adults. The effect was 
shown to last longer than 12 years, with a trend toward con-
tinued protection through 14 years post-vaccination.9 After the 
approval of the 4vHPV vaccine in 2017 in China, long-term 
effectiveness in Chinese women has not been examined yet. 
Here we report a LTFU study conducted among the trial 
participants of the aforementioned phase III base study to 
examine long-term effect of the 4vHPV vaccine in Chinese 
women vaccinated at the age of 20–45 years.

Methods

Study design and participants

In the base study, a total of 3006 Chinese female participants 
aged 20 through 45 years were enrolled and randomized in 
a ratio of 1:1 to receive three doses of 4vHPV vaccine or 
placebo, administered at day 1, month 2, and month 6. 
Detailed study procedures and results were published 
previously.7,8 The first dose was administered from 
3 January 2009 through 31 July 2009, and the third dose was 
administered from 4 July 2009 through 31 May 2010. The 
participants were followed until 78 months after the first vac-
cination for the assessment of efficacy and until 90 months for 
the assessment of safety.

The base study was conducted at six sites and completed 
in September 2016. The LTFU study was performed among 
participants from two of the six sites. All participants from 
these two sites (N = 750) were contacted and invited to 
return for the long-term follow-up study and test for 
HPV infection and cervical cytology. Participants with cer-
vical cytological abnormality or HPV infection would be 
referred for colposcopy and cervical biopsy. Participants in 
the placebo group who have received catch-up 4vHPV 
vaccine at the time of the LTFU were excluded. This 
study has been approved by the ethical committee of 
Peking University People’s Hospital and all participants 
enrolled in this LTFU study had provided written informed 
consent.

Study procedures

Cervical exfoliated cell samples were collected using broom-type 
collection devices (Hologic, Inc.) and subject to Thinprep cytolo-
gical test (TCT), hybrid capture 2 (HC2) high-risk HPV DNA test 
(QIAGEN, USA), and HPV genotyping. Cytological tests were 
assessed using the Bethesda System-2001.10 HPV genotyping was 
conducted using the PCR-reverse dot blot kit (Yaneng 
BioSciences, Shenzhen, China) which can identify 23 HPV types 
including 6, 11, 16, 18, 31, 33, 35, 39, 42, 43, 45, 51, 52, 53, 56, 58, 
59, 66, 68, 73, 81, 82, and 83, Participants with any of the following 
abnormal findings would be referred for colposcopy: (1) 
Cytological abnormality: atypical squamous cells—undetermined 
significance (ASC-US), atypical squamous cells—cannot exclude 
HSIL (ASC-H), low-grade squamous intraepithelial lesion (LSIL), 
high-grade squamous intraepithelial lesion (HSIL), atypical gland-
ular cells, adenocarcinoma in situ or cervical cancer; (2) High risk 
HPV detection in HC2 test; (3) HPV genotyping: infection of 
HPV 6, 11, 16, or 18.

In cases where abnormalities were detected in colposcopy, 
cervical, vaginal, or external genital biopsy was performed if 
necessary. The specimen was formalin-fixed and paraffin- 
embedded. Histology slides were prepared and reviewed by 
physicians in the Peking University People’s Hospital 
(Beijing, China). If precancerous or cancerous lesions were 
observed, the cervical tissue samples would be tested for HPV 
DNA genotyping.

Statistical analyses

Study endpoints include abnormal cervical cytological findings 
in the study population and histologically confirmed HPV- 
related diseases among those tested positive for TCT or HPV 
DNA. The latter endpoint is defined as pathological diagnosis 
of CIN1+, VIN1+, or VaIN1+ disease and the detection of 
HPV DNA for the same tissue block on a single cervical/ 
LVPP biopsy. No statistical hypothesis is to be tested in this 
LTFU. All results are descriptive and reported by group, i.e., 
4vHPV vaccine group and placebo group, per the initial alloca-
tion in the base study. Baseline characteristics were reported as 
mean (±standard deviation, SD) or number (%, percentage) as 
appropriate.

Results

Baseline characteristics and follow-up information

Of the 750 Chinese female participants who were invited for 
the LTFU study, 368 participants were included with 171 
initially assigned to the vaccination group and 197 assigned 
to the placebo group. Table 1 showed the baseline character-
istics of the 368 participants before receiving the first dose. 
Participants’ age, cervical cytology, HPV DNA positivity, and 
HPV antibody serostatus were generally similar between the 
two groups.

Table 1. Baseline characteristics of the study population before receipt of the first 
vaccination.

Characteristic
4vHPV vaccine 

(N=171)
Placebo 
(N=197)

Age (years), mean (±SD) 31.1（±6.6） 31.2（±6.5）
20–26 years, n (%) 56（32.7） 60（30.5）
27–45 years, n (%) 115（67.3） 137（69.5）
Normal cervical cytology, n (%) 157 (91.8) 183 (92.9)
Abnormal cervical cytology, n (%) 14 (8.2) 14 (7.1)
HPV DNA positivity*, n (%)
HPV 6 1(0.6) 2(1.0)
HPV 11 1(0.6) 0(0.0)
HPV 16 6(3.5) 8(4.1)
HPV 18 2(1.2) 1(0.5)
HPV antibody seropositivity, n (%)
HPV 6 24（14.0） 18（9.1）
HPV 11 5（2.9） 6（3.0）
HPV 16 11（6.4） 20（10.2）
HPV 18 3（1.8） 8（4.1）

N, number of participants enrolled in the LTFU; n, number of participants in the 
respective category. 

HPV, human papillomavirus; 4vHPV, quadrivalent human papillomavirus; SD, 
standard deviation. 

*Positive by PCR is defined as having a positive PCR result at Day 1 of the base 
study on ≥ 1 of cervical or external genital swab or biopsy specimens.
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The median follow-up time from the completion of three 
doses of vaccine/placebo administration until the TCT and 
HPV test in the LTFU study was 94.4 months with the 
longest follow-up time of 125 months and the minimum 
interval of 92 months. The median follow-up time of the 
extended period in this LTFU study (from 78 months fol-
lowing the first dose of vaccine/placebo until the TCT test) 
was 22.7 months.

Among the 368 patients included in the LTFU study, 49 
(vaccine vs. Placebo: 19 vs. 30) were referred for colposcopy 
due to abnormal TCT results (n = 16), positive HC2 test (n  
= 24), or detection of HPV DNA 6/11/16/18 in cervical cells 
(n = 12) (Figure 1). These indications were not mutually 
exclusive. Numbers of participants with negative testing 
results were 152 and 167 in vaccine and placebo group, 
respectively.

Results from TCT test

A total of 16 cases were abnormal (ASC-US, LSIL or worse) in 
TCT test with 4 (2.3%) in 4vHPV vaccine group and 12 (6.1%) 
in placebo group (Table 2). None of them tested positive for 
HPV DNA type 6, 11, 16, or 18.

Pathologic findings for participants with abnormal 
cervical cytology or HPV infection

As shown in Figure 1, there was a total of 49 participants 
referred for colposcopy. In the end, more than half of the 
eligible subjects (n = 27) underwent colposcopy and biopsy 
(Figure 1). Eight of them were from the vaccine group and 19 
were from the placebo group. Out of these 27 subjects who 
received colposcopy and biopsy, six were found to have HPV- 
associated precancerous lesions in cervix or vagina. There were 
no observed cases of HPV16/18-related CIN.

Figure 1. Participant flow chart. 4vHPV, quadrivalent human papillomavirus vaccine; AGC, atypical gland cells; ASC-H, atypical squamous cells, cannot exclude HSIL; ASC- 
US, atypical squamous cells-undetermined significance; LSIL, low-grade squamous intraepithelial lesion; TCT, Thinprep cytological test; HC2, hybrid capture 2.

Table 2. Findings in cervical cytology test.

Cervical cytology

4vHPV vaccine 
(N=171) 

n (%)

Placebo 
(N=197) 

n (%)

Total 
(N=368) 

n (%)

Negative Pap test result 167 (97.7) 185 (93.9) 352 (95.7）
Abnormal Pap test result 4 (2.3) 12 (6.1) 16 (4.3)
ASC-US 4 (2.3) 8 (4.1) 12 (3.3)
LSIL 0 (0.0) 3 (1.5) 3 (0.8)
ASC-H 0 (0.0) 1 (0.5) 1 (0.3)

Data are presented as number (%) of participants with abnormal TCT results. 
4vHPV, quadrivalent human papillomavirus vaccine; ASC-US, atypical squamous 

cells-undetermined significance; LSIL, low-grade squamous intraepithelial 
lesion; ASC-H, atypical squamous cells, cannot exclude HSIL.
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The TCT, HPV, and biopsy results of the six cases in both 
base study and LTFU were summarized in Table 3. The time to 
detection of cytological abnormalities and pathological lesions 
of the six cases were shown in Figure 2 The one subject in the 
vaccine group had CIN I lesion but its relationship with HPV 
51 was undetermined as HPV 51 was not detected in the 
biopsied sample. Another 5 cases of CIN I or VaIN I/II were 
from the placebo group among which four were HPV-related. 
One subject had HPV-16 related VaIN; another one developed 
HPV52-related CIN1, the other two subjects received definitive 
therapy for HPV 16-related lesions in the base study and had 
tested negative for HPV 16 during LTFU. However, they devel-
oped HPV infection of other types (HPV 51, 52, 58) and 
intraepithelial lesions.

Discussion

The 4vHPV vaccine has been proved to be efficacious globally in 
preventing persistent HPV infection, genital warts, pre- 
cancerous lesions, and genital cancers associated with HPV 6/ 

11/16/18 in clinical studies as well as real-world experience.11–13 

The US has seen a decline of 56% in the incidence of cervical 
precancer among 18–20 year-olds and a decline of 39% among 
21–24 year-olds from 2008 to 2015 which indicates a population- 
level impact of HPV vaccine.14 Recent data in Europe suggested 
that 4vHPV vaccine provided sustained protection against HPV 
16/18-related high-grade cervical dysplasia for >12 years.9 In 
China, the 4vHPV vaccine was approved in 2017 for women 
20–45 years of age after 100% efficacy was demonstrated in 
prevention for low-and-high grade genital precancerous lesions 
among Chinese females.7 Our study followed the trial partici-
pants and provided the first-hand evidence about the long- 
lasting effect of 4vHPV in Chinese population.

Our preliminary results showed that 4vHPV vaccine could 
provide a protection against cytology abnormality and cervical, 
vaginal, or external genital lesions for a median 7.8 years in 
a subset of participants vaccinated with 4vHPV vaccine. 
Participants with no abnormal findings in all three tests include 
152 of 171 in vaccinated group and 167 of 197 in placebo 
group. A total of 16 cases with abnormal cytologic results 

Table 3. The TCT, HPV, and biopsy results for the six cases of intraepithelial disease detected during long-term follow-up.

Base study                                                               Long-term follow-up

Age 
(years) Group

TCT 
(month 

1,7)

HPV (6/11/ 
16/18) 

(month 1,7)

TCT 
(month 
12-78)

HPV (6/11/ 
16/18) 

(month 12- 
78)

Biopsy 
Pathology 

(month 12- 
78)

HPV positivity (6/11/ 
16/18) in biopsies 

(month 12-78) TCT HC2

HPV positivity 
in cervical 

exfoliated cells
Biopsy 

Pathology

HPV 
positivity 

in 
biopsies

31 Placebo - 6/16 HSIL 6/16 CIN3 16 NILM + 51/52 CIN1 -
38 Placebo - - ASC-US - / / NILM + 52 CIN1 16/52
35 Placebo LSIL - LSIL 16 VaIN3 - ASC-H + 58 VaIN2 58
45 Placebo - - ASC-US - / / NILM QNS 16 VaIN1 16
27 Placebo - - ASC-US - / / NILM + 52 CIN1 52
38 Vaccine - - ASC-US - / / NILM + 51 CIN1 -

HPV, human papillomavirus; NILM, Negative for intraepithelial lesion or malignancy; CIN1, cervical intraepithelial neoplasia, grade 1; VaIN1. vaginal intraepithelial 
neoplasia, grade 1; VaIN2, vaginal intraepithelial neoplasia, grade 2; LSIL, low-grade squamous intraepithelial lesion; ASC-US, atypical squamous cells-undetermined 
significance; QNS, quantity not sufficient.

Figure 2. Time to the detection of cytological and pathological abnormalities for the seven cases of intraepithelial disease diagnosed during LTFU. The sequence in 
which cases are arranged is the same as that in Table 3. Time 0 indicates the start of the base study. Solid circle: positive for HPV 6, 11, 16, or 18 in swabs or TCT sample; 
Hollow circle: negative or no result for HPV 6, 11, 16, or 18 in swabs; Solid triangle: HPV 6, 11, 16, or 18-associated lesions; Hollow triangle: lesions negative for HPV 6, 11, 
16, and 18 or with unknown etiology.
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were observed with 4 in 4vHPV vaccine group and 12 in 
placebo group. Results of HPV genotyping showed that none 
of these cases tested positive for vaccine HPV types, thus we 
cannot assess the effectiveness of this 4vHPV vaccine against 
HPV6/11/16/18-related abnormal cytology. As in the base 
study where 4vHPV vaccine had demonstrated 94% efficacy 
against HPV 6/11/16/18-related abnormal cervical cytology, no 
HPV 6/11/16/18-related abnormal cytology in the vaccine 
group in the LTFU study may suggest a long-term persistent 
protection provided by the 4vHPV vaccine.

High efficacy against both HPV 6/11/16/18-related CIN2+ 
and CIN1+ have been observed in China local trial and global 
trials. This LTFU discloses a potential trend for long-term effec-
tiveness. Only one case (CIN1) in the vaccine group tested 
positive for HPV 51 in TCT sample but negative in biopsied 
sample, indicating no breakthrough case in the subset of parti-
cipants from the vaccine group during a median 94-month 
follow-up post vaccination. In contrast, two cases (VaIN 1, 
CIN1) in the placebo group tested positive for HPV 16 for the 
biopsied sample, indicating an HPV 16 associated lesion. The 
development of non-vaccine HPV type related lesions in the 
placebo group might suggest a potential for cross-protection, 
but it may also result from preexisting infection of non-vaccine 
HPV types during the base study. The accrued cases for HPV 6/ 
11/16/18-related CIN2+ and CIN1+ in the base study was 7 and 
14, respectively, in 2575 subjects in PPE population,7 indicating 
a low incidence rate of the related CIN1+ cases and in this LTFU 
only one 4vHPV type related CIN1+ case was observed which 
seems to be consistent with the trend in the base study.

Our study has several strengths. It is the first to assess the long- 
term effectiveness of 4vHPV vaccine among Chinese women aged 
20–45 years. Although the 4vHPV vaccine has been mostly 
replaced by 9vHPV in the US and Europe, in China, the 9vHPV 
has not been approved for women aged 27–45 years yet. As the 
efficacy study for 9vHPV in Chinese women of this age group is 
still in progress, a large number of Chinese women will be con-
tinuing to receive 4vHPV vaccine to prevent HPV infection and its 
related genital precancerous diseases. We also acknowledged that 
long-term effectiveness of 4vHPV has been demonstrated in pre-
vious studies conducted in European population, however, the 
variation in age-specific HPV prevalence and genotype distribu-
tion across countries might lead to geographical difference in 
vaccine efficacy, which makes local studies imperative. Hence 
our study has provided important evidence to support continued 
use of 4vHPV in Chinese women aged 20–45 years in anticipation 
of long-term protection. Furthermore, our study is based on the 
pivotal clinical trial in China, and we are continuing to follow these 
participants for a longer period of time. Besides, participants in the 
control arm have not received 4vHPV vaccine, which makes the 
comparison legitimate. We also provided catch-up 4vHPV vaccine 
for those who would like to get vaccinated after the TCT sampling 
or biopsy. Last but not least, we performed cervical cytology test 
and HPV test (both HC2 and HPV genotyping) for the entire 
study population and recommended colposcopy for subjects with 
any abnormal findings. This ensures us to capture all possible 
HPV-related diseases.

The study is not without limitations. First, we were not able to 
include all the trial participants from the base study. Considering 
the potential impact of loss to follow-up and relatively small 

sample size, we did not calculate the vaccine efficacy. Instead, we 
reported the results descriptively which still shows distinct out-
comes between the vaccinated and non-vaccinated females. 
Second, the study methods and endpoints were not exactly the 
same as those in the base study. The HPV genotyping method is 
different from the INNO-LiPA HPV v2 Genotyping PCR assay 
(Innogenetics, Ghent, Belgium) used in the base study, which 
may cause difference in the ability of HPV detection. Positive 
results of genotyping were generated from one-time testing in 
the LTFU study instead of initial testing plus a confirmative 
testing in clinical study procedure. Third, the follow-up period 
is relatively short, and we had only one chance for sampling, 
making our ability to detect cases somewhat compromised. As 
the participants in this cohort are still being followed, we will be 
able to address these limitations in future studies.

In conclusion, our study is the first to suggest that the 4vHPV 
vaccine provided persistent protection against HPV-16/18- 
related genital precancerous and cancer cases for a median fol-
low-up of 94 months in Chinese women aged 20–45 years with 
a trend of continued protection up to 11 years. The vaccine has 
also shown potential in reducing cervical cytology abnormalities 
which could benefit the health system by decreasing the number 
of colposcopy examinations and biopsy.
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