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ABSTRACT

To evaluate the safety and immunogenicity of a newly 23-valent pneumococcal polysaccharide vaccine
(PPV23), a phase lll clinical trial was conducted in population aged > 2 years. We conducted a
randomized, double-blinded, active controlled trial, in which 1760 participants were randomly assigned
in a 1:1 ratio to receive one dose of either the test vaccine or the control commercial vaccine. The
surveillance period was 28 days. The 2-fold increase rate of anti-pneumococcal for 23 serotypes varied
from 49.71% to 90.96% in the treatment group and from 44.52% to 88.24% in the control group.
According to —10% non-inferiority margin and 95% confidence intervals of rate difference, all the 23
serotypes of the treatment group were non-inferiority to the control group. The 2-fold increase rate of
anti-pneumococcal antibody were significantly higher in the treatment group for 11 serotypes including
1, 2, 3, 4, 10A, 11A, 14, 18C, 20, 22F, and 23F. Serious adverse events occurred in 2 in 879 (0.23%)
participants in the treatment group and 2 in 880 (0.23%) participants in the control group, and all the
adverse events were unrelated to the vaccination. The overall adverse reaction frequency showed no
difference between the treatment (51.19%) and control group (47.95%), and most adverse reactions
were mild or moderate in intensity. The newly PPV23 is immunologically non-inferior to the control
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commercial vaccine and well tolerated in healthy Chinese population aged > 2 years.
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Introduction

Streptococcus pneumoniae (S. preumoniae) is a major cause of
illness and death in children and adults worldwide'?, causing
invasive pneumococcal diseases (IPDs) including bacteremic
pneumonia, meningitis, and septicemia; or noninvasive diseases
including non-bacteremic pneumonia, otitis media, and sinusitis®.
91 distinct pneumococcal serotypes have been identified, and
infection or vaccination with S. prneumoniae can induce specific
protective antibodies that exhibits cross protection against certain
serotypes’. Several multivalent vaccines have been developed to
reduce the diseases caused by S. pneumoniae. At present, two
vaccines are available in the China market, which are 23-valent
pneumococcal polysaccharide vaccine (PPV23) and 13-valent
pneumococcal conjugate vaccine (PCV13). Covered all the sero-
types included in the PCV13 except 6A, the PPV23 contained the
serotypes which caused 85%-90% S. pneumoniae infections,
including 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 104, 11A, 12F, 14, 15B,
17F, 18C, 19A, 19F, 20, 22F, 23F, and 33F,

Currently, in China, PCV13 is approved for use in infants aged
from 6 weeks to 15 months with a three-dose primary schedule on
2, 4, and 6 months, and a booster dose on 12 ~ 15 months. The
PCV13 application in more extensive population is restricted by
the absence of clinical evidence in population aged > 6 months.
PPV23 is currently recommended in the population aged
> 2 years with a single dose schedule especially in the elderly. As
a cost-effective option for the pneumococcal prevention, the
PPV23 is of great significance for public health in China”.

American Center for Disease Control and Prevention
(CDC) recommended PPV23 vaccination for all adults aged
> 65 years and anyone aged 2 ~ 64 years who are at certain
high risk®. Besides, a second dose at age 65 years or later was
recommended by the Advisory Committee on Immunization
Practice (ACIP) for people who receive one dose vaccination
before age 65 years’. According to the 2012 guideline on
application of pneumococcal vaccine in China, PPV23 vacci-
nation was recommended for the adults aged > 60 years and
anyone aged 2 ~ 59 years who are at certain high risk®. Use of
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PPV23 has been limited in infants and children under 2 years,
because the T-cell independent response is poorly developed
in young children”'". However, as a booster dose following a
priming series of PCV, PPV23 can induce higher concentra-
tions of antibodies than a PCV booster’.

In China, as a category B vaccine which people volunteer
to be vaccinated at their own expense, the coverage of
PPV23 is far from that of immunization program vaccines
and that in developed countries. Although nationwide sur-
vey data are unavailable still now, some regional investiga-
tions revealed a low coverage of PPV23 in the elder adults,
which is the priority target population of PPV23 vaccina-
tion. For instance, an investigation in Chaoyang district in
Beijing city reported a coverage rate of 2.1% in the adults
aged > 60 years in 2010>'°. Another investigation in
Qingpu district in Shanghai city in 2014 reported the
PPV23 coverage rate in males and females aged > 65 years
was 1.8% and 2.0% respectively'”. A similar situation was
reported in Taiwan before 2007, when the coverage rate was
< 1%. However, that rate among adults aged > 75 years
reached 12% in 2007 and 41% in 2008, attributed to the
implementation of PPV23-free policy in this population, but
thereafter dropped to 29.5% with unclear reasons. In con-
trast, Martinelli et al estimated the PPV23 coverage rate
among individuals > 65 years during the vyears of
2002-2007 was 46.6% in Italy'*. While Zhou et al estimated
the PPV23 coverage rate among adults > 65 years in Quebec
province of Canada increased from 48% in 2006 to 57% in
2014". According Yu et al’s estimation, if the coverage rate
of PPV23 for the elderly and of PCV13 for the children
both reach 50%, the economic burden due to pneumococcal
disease will be acceptablelé. Thus, endeavors should be
made to promote the PPV23 vaccination in adults especially
in elder adults for the disease burden alleviation in China.

A newly PPV23 have been developed by Sinovac Biotech
Co., Ltd., which has several features compared with the com-
mercial PPV23. First, chromatography steps are developed in
the purification process, which is not in other available
PPV23. Second, the absence of phenol extraction steps in
the purification process make the process more environmen-
tally friendly and healthy. Last, the final products do not
contain preservative like phenol, which makes them safer. In
this study, we examined the safety and immunogenicity of the
Sinovac PPV23 in healthy Chinese people aged > 2 years.

Results
Study population

1760 participants aged > 2 years were enrolled in total, with
880 participants per group. Of these, 1 did not received
vaccine and was excluded from the analysis. As a result, 879
(99.89%) participants in the treatment group and 880 (100%)
participants in the control group were included in the safety
analysis set. Furthermore, in the treatment group, 11 partici-
pants moved out and 5 withdrew. In the control group, 2
participants refused blood sampling post vaccination, 9
moved out, and 2 withdrew. Finally, 863 (98.07%) participants
in the treatment group and 867 (98.52%) participants in the
control group were included in the per-protocol set
(Figure 1). The demographic characteristics of the participants
were balanced in the two groups (Table 1).

Immunogenicity post vaccination

Pre-immunization antibody levels in two groups were well
balanced. (Table 2) For all 23 serotypes, the 2-fold increase rate
of anti-pneumococcal antibody varied from 49.71% to 90.96% in

1,760 randomly assigned

880 into treatment group

1 didn't receive
vaccine

879 included in safety
analysis set (SS)

[

879 included in full
analysis set (FAS)

11 moved out
5 withdrew

863 included in per
protocol set (PPS)

Figure 1. Trial profile.
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the treatment group and from 44.52% to 88.24% in the control
group. For both groups, increase rate of serotype 9N was the
highest and serotype 10A was the lowest. According to —10%
non-inferiority margin and 2-side 95% confidence intervals (95%
CI) of 2-fold increase rate difference, the treatment group was
non-inferior to the control group for all 23 serotypes. Moreover,
for the 11 serotypes including 1, 2, 3, 4, 104, 11A, 14, 18C, 20, 22F,
and 23F, the 2-fold increase rate was significantly higher in the
treatment group compared to the control group (76.13% vs.
61.82% for serotypel, 84.82% vs. 80.51% for serotype 2, 55.74%
vs 50.40% for serotype 3, 76.01% vs 70.47% for serotype 4, 49.71%
vs. 44.52% for serotype 10A, 66.28% vs. 59.98% for serotype 11A,
70.57% vs. 62.40% for serotype 14, 87.25% vs. 79.93% for serotype
18C, 76.71% vs.71.74% for serotype 20, 63.62% vs. 53.63% for
serotype 22F, 72.19% vs. 65.63% for serotype 23F). (Figure 2;
Table S1)

At day 28, for all 23 serotypes, the geometric mean con-
centrations (GMCs) varied from 32.89 to 130.06 in the treat-
ment group and from 30.35 to 124.54 in the control group.
The GMCs were significantly higher in the treatment group
compared to the control group for 10 serotypes including 1, 2,
3, 4, 5, 8, 11A, 14, 18C, and 20. For other serotypes, no
significant difference was found in two groups. (Table 2)

At day 28, for all 23 serotypes, the geometric mean fold
increases (GMFIs) varied from 2.33 to 7.44 in the treat-
ment group and from 2.17 to 6.39 in the control group.
The GMFIs were significantly higher in the treatment
group compared to the control group for 14 serotypes
including 1, 2, 4, 6B, 8, 9N, 9V, 10A, 14, 15B, 18C, 19F,
20, 22F. (Table 2)

Subgroup analysis

Based on the age strata of the participants in the study design
and randomization, we further analyzed the primary endpoint
for the subgroups aged 2 ~ 17 years, 18 ~ 60 years and
> 60 years respectively.

In the subgroup aged 2 ~ 17 years, the treatment group did
not reach non-inferiority for 10 serotypes including 3, 5, 7F, 8,
11A, 12F, 14, 15B, 19A, 19F. Whereas, the 2-fold increase
rates were significantly higher in the treatment group for
serotype 1 and 18C. (Figure 2; Table S2)

In the subgroup aged 18 ~ 60 years, the treatment group
was non-inferiority to the control group for all 23 serotypes.
Furthermore, the 2-fold increase rates were significantly
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Figure 2. Rate difference of 2-fold increase after vaccination. (a) the entire population (b) the subgroup aged 2 ~ 17 years (c) the subgroup aged 18 ~ 60 years (d)

the subgroup aged > 60 years.



higher for 11 serotypes including 1, 7F, 8, 11A, 14, 15B, 18C,
19A, 20, 22F, 23F. (Figure 2; Table S3)

In the subgroup aged > 60 years, the treatment group was
non-inferiority to the control group for all 23 serotypes.
Furthermore, the 2-fold increase rates were significantly
higher for 15 serotypes including 1, 2, 3, 4, 6B, 8, 9V, 104,
11A, 12F, 14,18C, 19F, 22F, 23F. (Figure 2; Table S4)

Within the treatment group, differences of 2-fold increase
rate in three age subgroups showed statistically significance
for all serotypes except for 2 and 18C. The 2-fold increase rate
showed an increasing trend with the ascending age for most
serotypes. The control group showed a similar pattern in
immunogenicity. (Table S5, Table S6)

Adverse reactions

During the study period, 4 serious adverse events (SAEs)
were reported: 2 in treatment group (1 case of hemor-
rhoids and lcase of acute appendicitis) and 2 in control
group (1 case of femoral neck fracture and 1 case of acute
exacerbation of chronic bronchitis). All the SAEs were
considered unrelated to the vaccination. No deaths
occurred during the trial.

The overall frequency of adverse reactions was 51.19% in
the treatment group and 47.95% in the control group
(P = 0.1819). In any age subgroups, no significant difference
in adverse reaction frequency was found between the treat-
ment and control group. The most common injection-site and
systemic adverse reaction was pain and fever respectively. 19
participants (2.16%) per group had grade 3 adverse reactions
within 28 days after vaccination (Table 3).

Discussion

This study showed the Sinovac PPV23 has similar immuno-
genicity and safety with the control commercial vaccine.

Kong et al reported, for all the 23 serotypes, the 2 fold
increase rate post Walvax PPV23 varied from 62.47% to
97.01%, and that post Merk PPV23 varied from 51.49% to
95.77%, which are both similar to the immunogenicity level
(from 49.71% to 90.96%) induced by Sinovac PPV23Y.

The 2-fold increase rate for serotype 9N was the highest,
followed by 18C, 2, 33F. The high immunogenicity for these
serotypes were also have been reported in other phase Il
clinical trials of PPV23'7'®, An overview for year
2006 ~ 2016 indicated the dominant S. pneumoniae serotypes
in China were 19F, 19A, 23F, 14, and 6B, for which the
Sinovac PPV23 induced a 2-fold increase rate at about 70%.

According to the subgroup analysis, in both adult and elderly
subgroup, the test vaccine was non-inferior to the control vaccine
for all the 23 serotypes. Whereas, in the children subgroup, the test
vaccine was non-inferior to the control vaccine for 13 serotypes,
and not achieved the non-inferior criteria for the other 10 sero-
types. With regard to this finding, there were two possible reasons:
First, the sample size in this study was estimated and determined
based on the entire population, making the assigned sample size in
subgroups not enough to detect the non-inferior results. Second,
different production conditions and processes of these two vac-
cines may lead to the distinctions in immune response patterns.
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Table 3. Adverse events in the safety analysis population.

Treatment Control P

Event N = 879 N = 880 value
Serious adverse events (No. of 2 (0.23%) 2 (0.23%) 1.0000

participants)
Overall adverse reactions (No. of participants)
Any 450 (51.19%) 422 (47.95%) 0.1819
Grade 3 19 (2.16%) 19 (2.16%) 1.0000
Injection-site adverse reactions (No. of participants)
Pain
Any 385 (43.80%) 371 (42.16%) 0.5003
Grade 3 0 (0.00%) 0 (0.00%) 1.0000
Swelling
Any 59 (6.71%) 42 (4.77%) 0.0824
Grade 3 15 (1.71%) 14 (1.59%) 0.8543
Redness
Any 43 (4.89%) 32 (3.64%) 0.1968
Grade 3 12 (1.37%) 8 (0.91%) 0.3804
Pruritus
Any 6 (0.68%) 7 (0.80%) 1.0000
Grade 3 0 (0.00%) 0 (0.00%) 1.0000
Induration
Any 5 (0.57%) 2 (0.23%) 0.2879
Grade 3 0 (0.00%) 0 (0.00%) 1.0000
Rash
Any 1 (0.11%) 0 (0.00%) 0.4997
Grade 3 0 (0.00%) 0 (0.00%) 1.0000
Skin mucosal lesions
Any 5 (0.57%) 9 (1.02%) 0.4221
Grade 3 0 (0.00%) 0 (0.00%) 1.0000
Systematic adverse reactions (No. of participants)
Fever*
Any 115 (13.08%) 82 (9.32%) 0.0126
Grade 3 0 (0.00%) 1 (0.11%) 1.0000
Fatigue
Any 42 (4.78%) 35 (3.98%) 0.4177
Grade 3 0 (0.00%) 0 (0.00%) 1.0000
Headache
Any 27 (3.07%) 20 (2.27%) 0.3056
Grade 3 0 (0.00%) 0 (0.00%) 1.0000
Cough
Any 22 (2.50%) 19 (2.16%) 0.6399
Grade 3 0 (0.00%) 0 (0.00%) 1.0000
Diarrhea
Any 17 (1.93%) 20 (2.27%) 0.7402
Grade 3 0 (0.00%) 0 (0.00%) 1.0000
Nausea or vomiting
Any 13 (1.48%) 14 (1.59%) 1.0000
Grade 3 0 (0.00%) 0 (0.00%) 1.0000
Myalgia
Any 2 (0.23%) 3 (0.34%) 1.0000
Grade 3 0 (0.00%) 0 (0.00%) 1.0000

*Axillary temperature > 37.0°C.

A general trend that the immune efficacy increasing with the
ascending age was found in treatment group as well as control
group. Yang et al'® reported, one month after a single dose PPV23
manufactured by Chengdu Institute of Biological Products Co.,
Ltd., the mean 2-fold increase rate of 23 serotypes was 79.3% in
population aged 6 ~ 14 years, 92.7% in population aged
15 ~ 45 years, and 87.5% in population aged 46 ~ 55 years, indicat-
ing the immune response of PPV23 was better in adults than
children, which is similar with our study finding. However, the
profiles of immune response in elderly were not available in Yang
et al’s study. Meanwhile, there were WHO position paper and
previous studies indicated efficacy and effectiveness of
PPV23 were generally lower in elderly persons than in younger
adults®!%?°-22 which seems to be conflict with our findings. In
fact, the above conclusions were achieved within the population
aged > 60 years. For example, Musher et al found the immune
response of PPV23 in population aged < 65 years were stronger
than that in populations aged 65 ~ 75 years and > 75 years™>>.
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Regrettably, elderly aged > 70 years were not included in this
study. Thus, further studies in population of extensive age range
may be needed to strengthen the current immunogenicity evi-
dence of the test vaccine in the elderly.

The most common injection-site and systemic adverse reaction
was pain and fever respectively, which is in accordance with the
former studies'®'***. However, frequency of local and systemic
AEs differed widely in historical studies in which patient diaries
were used'®'*?**72% For example, fever frequency ranged from
0 ~ 9% after the primary dose'**"*” in historical studies, compared
to which the fever frequency in the treatment group in this study
was slightly higher. The injection-site pain widely ranged from
16%~ 88% in existing studies'®'>*">*"**. The symptom frequency
variation can be largely attributed to the differences in definition of
fever, sample size, targeted population et al. In our study, most
adverse events were mild and moderate, and disappeared shortly,
suggesting the newly PPV23 was safe and well tolerated.

Conclusions

The newly Sinovac PPV23 is immunologically non-inferior to
the control commercial vaccine and well tolerated in healthy
Chinese population aged > 2 years. The antibody persistence
and efficacy studies are needed to further provide guidance
for the vaccine application.

Methods
Study design

This study is a double-blinded randomized, active-controlled non-
inferiority clinical trial designed by Henan CDC and performed at
Kaifeng city. This trial was registered at clinicaltrials.gov
(NCT02451969).

Participants

Healthy participants aged > 2 years with proven legal identity
were enrolled into the study. The exclusion criteria included (1)
Axillary temperature > Celsius 37 degrees (2) acute disease (3)
prior vaccination with pneumococcal vaccine (4) history of bac-
terial pneumonia within 3 years prior to this study (5) pregnant,
breast feeding, or women expected to conceive within 60 days
after the vaccination (6) allergy (7) any known immunodeficiency
and so on. All enrolled participants were stratified by age (2 ~ 17,
18 ~ 60, > 60 years old), and randomized to receive one dose of
test or control vaccine by injection into the deltoid muscle.

Vaccine

The test pneumococcal vaccine, developed by Sinovac Biotech
Co., Ltd,, is a sterile, liquid vaccine for intramuscular injection.
This vaccine contained a mixture of highly purified capsular
polysaccharides from the 23 serotypes of S. pneumococcal (sero-
type 1,2, 3,4, 5,6B,7F, 8,9N, 9V, 10A, 11A, 12F, 14, 15B, 17F, 18C,
194, 19F, 20, 22F, 23F, 33F). The control pneumococcal vaccine is
a commercial PPV23 manufactured by Chengdu Institute of
Biological Products Co., Ltd.

Immunogenicity assessment

Blood was drawn immediately before injection and day 28 after
the injection. Serum IgG serotype specific pneumococcal antibo-
dies to 23 serotypes contained in the vaccine were quantified by
enzyme-linked immunospot assay (ELISA) at the Chinese
National Institute for Food and Drug Control in blindness.

The primary endpoint was the 2-fold increase rate of anti-
pneumococcal antibody for all included 23 serotypes.

The secondary endpoints were GMCs and GMFIs of IgG
post vaccination.

Safety assessment

For the first 7 days, participants (or guardians) who received
vaccination were required to record the injection-site adverse
events and systemic adverse events on the diary cards. From day
8 to day 28, the participants reported the adverse events sponta-
neously. Data on SAEs were collected throughout the trial. The
grade and relationship of the adverse event with the vaccination
were decided by the investigators in blindness.

Statistical analysis

Non-inferiority test was carried out on the 2-fold increase rate of
23-valent antibody. On the assumption of the 2-fold increase rate
of 70% for each type and the non-inferiority margin of —10%, 791
participants per group were required to achieve the overall power
of 80% (power for each serotype: 99.13%) with the one-sided
significance level of 2.5%. Furthermore, on the assumption of a
dropout rate no more than 10%, 880 participants per group were
finally determined as the final sample size.

The 95% confidence interval (95% CI) of the 2-fold increase
rate difference between the treatment and control group was
calculated, and non-inferior was concluded if the lower bound of
the 95%CI was larger than —10%. The Student’s t-test was used for
the analysis of log-transformed antibody concentration and fold
increase. The Chi-square test or Fisher’s exact test was used for the
analysis of dichotomous outcomes. Hypothesis testing was 2-sided
with an a value of 0.05. All analysis was performed using SAS
version 9.4 (SAS Institute Inc., Cary, NC, USA).

The safety analysis was performed on the safety analysis set
(SS) containing all the participants who received either the test or
control vaccine and had the safety information. The immuno-
genicity analysis was performed on the per protocol set (PPS),
which is a subset of the full analysis set (FAS). The FAS contains
the intention-to-treat (ITT) participants who met all the inclusion
criteria and didn’t met the exclusion criteria, received either test or
control vaccine randomly and had the effective pre-vaccination
serum results. The PPS contains the ITT participants who did not
deviate from the trial protocol, received the vaccination and blood
sampling within the protocol-required time window and had the
effective pre/post-vaccination results of serum antibody assay.
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