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ABSTRACT
Expanding serotype coverage of pneumococcal conjugate vaccines (PCVs) to target prevailing disease- 
causing serotypes could further reduce disease burden. To address this need, 2 different PCVs have been 
investigated: a 20-valent PCV (PCV20; includes the 13 serotypes in the 13-valent PCV [PCV13] plus 7 
additional serotypes [8, 10A, 11A, 12F, 15B, 22F, 33F]) and a complementary 7-valent PCV (cPCV7; contains 
only the 7 additional serotypes). This phase 1b, randomized, controlled, double-blind study evaluated 
PCV20 and cPCV7 safety and immunogenicity in healthy Japanese adults 18–49 years of age residing in 
the United States for ≤5 years. Participants (n = 104) were randomized equally to receive a single dose of 
PCV20, cPCV7, or PCV13. Immunogenicity was assessed at baseline and 1 month after vaccination using 
serotype-specific opsonophagocytic activity (OPA) titers and serotype-specific immunoglobulin G (IgG) 
concentrations. Prompted local reactions and systemic events; adverse events (AEs); and serious AEs and 
newly diagnosed chronic disease were assessed 14 days, through 1 month, and upto 6 months following 
vaccination, respectively. OPA immune responses were robust for all 20 serotypes in the PCV20 group and 
for the 7 serotypes in the cPCV7 group 1 month after vaccination. IgG immune response showed similar 
trends. Injection site pain and muscle pain were the most common local reaction and systemic event; the 
majority were mild or moderate in severity. Few AEs and no severe AEs, serious AEs, or safety-related 
withdrawals were reported. Taken together, administration of PCV20 or cPCV7 in Japanese adults was well 
tolerated and induced robust serotype-specific functional immune responses. NCT03642847.
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Introduction

Streptococcus pneumoniae infection causes invasive pneumococ-
cal disease (IPD), which includes meningitis, bacteremia, and 
community-acquired pneumonia (CAP), as well as common 
noninvasive diseases that cause a health burden, such as acute 
otitis media and sinusitis.1,2 The global burden of pneumococcal 
disease is substantial, especially in young children and adults 
≥65 years of age; in 2016, approximately 197 million episodes of 
lower respiratory infections caused by S pneumoniae and 
1.2 million associated deaths occurred worldwide.3,4 In 2017, 
the incidence of IPD in Japanese adults ≥65 years of age was 
5.38 per 100,000, with 8.3% of all 1891 cases resulting in death.5 

Since IPD is only a small portion of pneumococcal disease 
(approximately 10%–25% of pneumococcal CAP may be 
bacteremic6,7), the true burden is expected to be much greater.

Although more than 95 pneumococcal serotypes have been 
identified, the majority of IPD is caused by a limited number of 
these serotypes.4,8 Pneumococcal vaccines targeting multiple ser-
otypes are available: these include the 23-valent PCV (PPSV23; 
Pneumovax® 23, Merck and Co., Inc., Whitehouse Station, NJ), 
which contains unconjugated polysaccharides, as well as pneumo-
coccal conjugate vaccines (PCVs) such as the 13-valent pneumo-
coccal conjugate vaccine (PCV13; Prevenar 13®, Pfizer Inc, 
New York, NY).4 In contrast to PPSV23, PCVs generally induce 

T-cell–dependent immunity, which generates robust functional 
antibody responses associated with long-term protection.9,10 In 
addition, PCVs are efficacious against nonbacteremic vaccine- 
type CAP in adults11 and evidence from several countries, includ-
ing Japan, has established PCV effectiveness against disease in 
both vaccinated and unvaccinated populations.5,12-14

In November 2013, PCV13 was recommended for routine 
vaccination of children in Japan, including those ≤5 years of 
age who are at increased risk of pneumococcal disease.5 In 
addition, PPSV23 is also routinely recommended for adults 
≥65 years of age in Japan who are at increased risk of pneu-
mococcal disease; PCV13 may also be used in adults.5 Despite 
routine PPSV23 recommendations, 66% of IPD cases among 
adults in Japan occurring between April 2013 and March 2015 
were caused by the PPSV23 serotypes, with 22% of cases 
attributed to serotypes contained in PPSV23 but not 
PCV13.15 Thus, increasing serotype coverage with expanded- 
valent PCVs would address a continued unmet need.13,16-21

A 20-valent PCV (PCV20) in development contains the ser-
otypes present in PCV13 as well as 7 additional serotypes (8, 10A, 
11A, 12F, 15B, 22F, and 33F) to further expand serotype coverage 
of disease-causing serotypes beyond PCV13. The serotypes tar-
geted by PCV20 were selected based on their prevalence and wide 
geographic distribution among the residual pneumococcal 
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disease-causing serotypes, as well as for their antibiotic resistance 
and disease severity characteristics.13,16-18,20,22-24 The same 7 addi-
tional serotypes in PCV20 are also contained in PPSV23;25 how-
ever, PCV20 is anticipated to further reduce the global burden of 
pneumococcal disease by providing a robust response and protec-
tion against these 7 additional serotypes than PPSV23, while 
continuing to protect against the 13 serotypes in PCV13. The 
complementary 7-valent PCV (cPCV7) is a similar formulation 
to PCV20, but does not include the PCV13 serotypes. cPCV7 is 
being investigated as a potential alternative approach to expand 
coverage when used in complement with PCV13. A phase 1/2 
study of cPCV7 in healthy adults 50–85 years of age 
(NCT03313050) has been completed.

In a first-in-human study in healthy adults 18–49 years of 
age and a phase 2 study in healthy adults 60–64 years of age, 
PCV20 was well tolerated and induced functional immune 
responses against all 20 vaccine serotypes.26,27 To expand the 
available data for PCV20 and cPCV7 and to support clinical 
development of PCV20 in Japan, this phase 1b, randomized, 
controlled, double-blind study evaluated the safety and immu-
nogenicity of PCV20 and cPCV7 in Japanese adults residing in 
the United States.

Methods

Study design and participants

This phase 1b study (NCT03642847) was conducted in com-
pliance with the ethical principles originating in or derived 
from the Declaration of Helsinki and in compliance with all 
International Council for Harmonisation Good Clinical 
Practice Guidelines. All participants provided consent for 
inclusion in the study before any study-specific activity was 
performed.

Key inclusion criteria were Japanese men and women 
18–49 years of age (ie, of Japanese ethnicity who were born in 
Japan and with both parents and 4 grandparents who were born 
in Japan) who have not lived outside of Japan for >5 years in 
total. Exclusion criteria were current or past history of clinically 
significant hematologic, renal, endocrine, pulmonary, gastroin-
testinal, cardiovascular, hepatic, psychiatric, neurologic, immu-
nologic, metabolic, urologic, or dermatologic disease, or any 
other major disease/condition, previous pneumococcal vaccina-
tion or microbiologically proven IPD, or receipt of immunosup-
pressive therapy or known/suspected immunodeficiency or 
immunosuppressive conditions.

This study had a 3-arm, parallel design and enrolled parti-
cipants who were randomized at each center in a 1:1:1 ratio to 
receive PCV20, cPCV7, or PCV13. Each participant was ran-
domized to a vaccine group using an interactive response 
technology system (interactive Web-based response) following 
a computer-generated randomization allocation schedule. 
Study investigators and participants were blinded to vaccine 
group and remained blinded until the last participant com-
pleted the follow-up visit at 6 months after vaccination. 
A single 0.5-mL dose of PCV20, cPCV7, or PCV13 was admi-
nistered intramuscularly into the deltoid muscle. Each dose of 
PCV20 and PCV13 contains 2.2 µg of each saccharide within 

its formulation except for 6B, which contains 4.4 µg. cPCV7 
contains 2.2 µg of each saccharide.

In this study, PCV13 served as a control for safety assess-
ments of PCV20 and cPCV7 and to provide context for the 
descriptive immunogenicity assessments of the 13 serotypes in 
common with PCV20. Participants had blood drawn on the day 
of vaccination and approximately 1 month after vaccination.

Assessments

Participants were asked to monitor and record local reactions, 
systemic events, fever, and antipyretic/pain medication use 
each evening for 14 days following vaccination using an elec-
tronic diary. Local reactions included redness, swelling, and 
pain at the injection site, and systemic events included head-
ache, fatigue, muscle pain, and joint pain. Participants were 
provided a digital thermometer and asked to record oral tem-
perature; a fever was defined as an oral temperature ≥38.0°C. 
Adverse events (AEs) were collected from consent through 
1 month after vaccination. Serious AEs (SAEs) and newly 
diagnosed chronic medical conditions (NDCMCs) were col-
lected up to 6 months after vaccination. Acute reactions occur-
ring within the first 30 minutes after vaccination were 
documented as an AE or SAE as appropriate.

Blood samples for immunogenicity assessments were collected 
before and 1 month after vaccination. Opsonophagocytic activity 
(OPA) titers and concentrations of anticapsular immunoglobulin 
G (IgG) for the 20 pneumococcal serotypes in PCV20 (ie, 1, 3, 4, 5, 
6A, 6B, 7F, 8, 9V, 10A, 11A, 12F, 14, 15B, 18C, 19A, 19F, 22F, 23F, 
and 33F) were determined. The assays used to measure OPA titers 
and IgG concentrations for each of the 20 serotypes have been 
described previously.26

Objectives and endpoints

The primary objective was to describe the safety of PCV20 and 
cPCV7, which included local reactions, systemic events, AEs, 
SAEs, and NDCMCs. The secondary objective was to describe 
the immunogenicity of PCV20 and cPCV7 as measured by 
pneumococcal serotype-specific OPA geometric mean titers 
(GMTs) to each of the 20 serotypes at 1 month after vaccina-
tion. Other endpoints included IgG geometric mean concen-
trations (GMCs) at 1 month after vaccination and the 
geometric mean fold-rises (GMFRs) in OPA titers and IgG 
concentrations from before to 1 month after vaccination.

Analyses

The study sample size of 33 adults per vaccine group to char-
acterize safety and immunogenicity with PCV20 and cPCV7 was 
not based on any formal statistical hypothesis testing. All ana-
lyses for the safety and immunogenicity data were descriptive in 
nature. Safety endpoints were analyzed with the safety popula-
tion, which included any participant who received 1 dose of 
PCV20, cPCV7, or PCV13 with safety follow-up after vaccina-
tion. Percentages with 2-sided Clopper-Pearson 95% CIs were 
provided by vaccine group for all primary safety endpoints (ie, 
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percentages of participants reporting local reactions, systemic 
events, or AEs).

Immunogenicity results were analyzed based on the evaluable 
immunogenicity population, which included any participant 
who received randomized vaccine, had blood collection between 
27–49 days after vaccination, had a valid OPA titer or IgG 
concentration determined for ≥1 serotype at the 1 month after 
vaccination time point, and did not have any other major pro-
tocol violations. Serotype-specific OPA geometric mean titers 
and the 2-sided 95% CIs from each vaccine group were calcu-
lated based on the assay results in natural log scale and then 
exponentiating the results following the Student’s t distribution. 
OPA GMFRs and the 2-sided 95% CIs from before vaccination 
to 1 month after vaccination were calculated using the same 
method as for the OPA GMTs and the 95% CIs, but performed 
on the ratios of OPA titers at 1 month after to before vaccination. 
Serotype-specific pneumococcal anticapsular IgG GMCs and 
GMFRs were calculated similarly as OPA GMTs and GMFRs. 
OPA titers or IgG concentrations below the lower limit of 
quantitation (LLOQ) were set to 0.5 × LLOQ for analyses.

Results

Participants

The study was conducted from August 29, 2018, through 
March 29, 2019, at 3 study sites in the United States. A total of 
104 participants were randomized (PCV20, n = 35; cPCV7, n = 34; 
PCV13, n = 35; Figure 1). Overall, 103 participants received 
vaccination; 1 participant was randomized to the PCV13 group, 
but did not receive vaccine as the participant was found not to 
meet eligibility criteria. A total of 100 participants (96.2%) were 
vaccinated and completed the study (3 participants received vac-
cine but were lost to follow-up). The safety population included 
103 participants (PCV20, n = 35; cPCV7, n = 34; PCV13, n = 34). 
A total of 101 participants were included in the evaluable immu-
nogenicity population (3 participants, 1 in each group, did not 
have a valid assay result for ≥1 serotype at 1 month after the 
vaccination time point). Demographic characteristics were similar 
for the vaccine groups; 59.2% of participants were women and the 
mean (SD) age was 31.3 (10.1) years (Table 1).

Figure 1. Participant Disposition. cPCV7 = complementary 7-valent pneumococcal conjugate vaccine; PCV13 = 13-valent pneumococcal conjugate vaccine; 
PCV20 = 20-valent pneumococcal conjugate vaccine.

Table 1. Participant Demographics (Safety Population).

Demographic

Vaccine Group

PCV20 (n = 35) cPCV7 (n = 34) PCV13 (n = 34) Total (N = 103)

Sex, n (%)
Male 15 (42.9) 13 (38.2) 14 (41.2) 42 (40.8)
Female 20 (57.1) 21 (61.8) 20 (58.8) 61 (59.2)

Race, n (%)
Asian 35 (100.0) 34 (100) 34 (100) 103 (100)

Ethnicity, n (%)
Non-Hispanic/non-Latino 35 (100.0) 34 (100) 34 (100) 103 (100)

Racial designation, n (%)
Japanese 35 (100.0) 34 (100) 34 (100) 103 (100)

Age at vaccination, y
Mean ± SD 29.9 ± 10.29 32.7 ± 10.19 31.4 ± 9.99 31.3 ± 10.12
Median (range) 28.0 (18–47) 33.5 (18–49) 30.5 (18–49) 31.0 (18–49)

cPCV7 = complementary 7-valent pneumococcal conjugate vaccine; PCV13 = 13-valent pneumococcal conjugate vaccine; 
PCV20 = 20-valent pneumococcal conjugate vaccine; SD = standard deviation.
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Safety
Overall, 77.1% (n = 27), 76.5% (n = 26), and 79.4% (n = 27) of 
participants in the PCV20, cPCV7, and PCV13 groups 

experienced local reactions, respectively (Figure 2(a)). The 
most frequently reported local reaction for each group was 
pain at the injection site (PCV20: 77.1%, n = 27; cPCV7: 

Figure 2. Reactogenicity Events Including (a) Local Reactions and (b) Systemic Events Occurring Up to 14 Days After Vaccination. The single report of fever 
(38.8°C; 1 participant in the PCV20 group) is not included. Number of participants: PCV20, n = 35; cPCV7, n = 34; PCV13, n = 34. cPCV7 = complementary 7-valent 
pneumococcal conjugate vaccine; PCV13 = 13-valent pneumococcal conjugate vaccine; PCV20 = 20-valent pneumococcal conjugate vaccine.
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76.5%, n = 26; PCV13: 79.4%, n = 27); most local reactions 
were mild or moderate in severity. The median onset of local 
reactions across vaccine groups was 1.0–3.0 days and generally 
of short duration.

Systemic events were experienced by 77.1% (n = 27), 41.2% 
(n = 14), and 64.7% (n = 22) of participants in the PCV20, 
cPCV7, and PCV13 groups, respectively (Figure 2(b)). The 
most frequent systemic events reported across all vaccine 
groups were muscle pain, fatigue, and headache. The majority 
of systemic events in each vaccine group were mild or moder-
ate in severity. One participant in the PCV20 group experi-
enced a fever of 38.8°C on the day of vaccination that resolved 
by the next day; no other fevers were reported.

At 1 month after vaccination, the percentages of partici-
pants reporting any AE were similar across study groups 
(PCV20: 5.7%, n = 2; cPCV7: 5.9%, n = 2; PCV13: 8.8%, 
n = 3). Three AEs were considered related to vaccination 
(injection site erythema and injection site swelling in the 
PCV20 group; fatigue in the cPCV7 group). No severe AEs, 
SAEs, safety-related withdrawals, or NDCMCs were reported, 
and no deaths occurred during the study.

Immunogenicity

Before vaccination, OPA GMTs for all 20 serotypes were gen-
erally low and similar across the vaccine groups (Figure 3; 
Supplemental Table 1). At 1 month after vaccination, OPA 
GMTs were higher than before vaccination for the vaccine 
serotypes across all groups. One month after PCV20 adminis-
tration, OPA GMFRs for the PCV20 serotypes ranged from 
6.1-fold (serotypes 3 and 11A) to 150.7-fold (serotype 8). At 
1 month after cPCV7 administration, OPA GMFRs for the 
cPCV7 serotypes ranged from 6.8-fold (serotype 11A) to 
192.7-fold (serotype 15B). At 1 month after PCV13 adminis-
tration, OPA GMFRs for the PCV13 serotypes ranged from 
9.2-fold (serotype 3) to 177.6-fold (serotype 4).

The majority of participants in the PCV20 group achieved 
≥4-fold rises in OPA titers for all PCV20 serotypes from 
before vaccination to 1 month after PCV20 administration, 
with frequency ranging from 54.8% (serotype 7F) to 97.0% 
(serotype 23F) (Supplemental Table 2). The percentage of 
participants in the cPCV7 group achieving ≥4-fold rises in 
OPA titers for the cPCV7 serotypes ranged from 40.0% (ser-
otype 11A) to 96.4% (serotype 12F). For the PCV13 group, the 
percentage of participants achieving ≥4-fold rises in OPA 
titers for the PCV13 serotypes ranged from 55.2% (serotype 
14) to 100% (serotype 1). These same trends were observed in 
the IgG responses (Supplemental Figure 1; Supplemental 
Tables 3, 4).

Discussion

This phase 1b study showed that PCV20 and cPCV7 were safe 
and well tolerated among healthy Japanese adults, with a safety 
profile that was similar to PCV13. In addition, PCV20 and 
cPCV7 elicited robust serotype-specific functional OPA 
immune responses.

PCVs induce T-cell–dependent immune responses and are 
associated with long-term protection against pneumococcal 
disease.28 Moreover, PCVs have shown efficacy against nonbac-
teremic pneumonia and otitis media and can reduce nasophar-
yngeal colonization, providing herd immunity.29,30 In contrast, 
PPSV23 elicits T-cell−independent immune responses that pro-
vide short-lived protection; PPSV23 also does not reduce vaccine- 
serotype nasopharyngeal carriage and the impact of PPSV23 on 
nonbacteremic pneumonia remains questionable.28,31,32 

Therefore, PCV20 has the potential to improve protection against 
pneumococcal disease compared with PPSV23.

Although the introduction and continued use of PCVs 
have led to significant global progress toward preventing 
pneumococcal disease, combating the additional serotypes 
that continue to cause disease remains an unmet need.20 In 
the 3 years following the introduction of childhood PCV7 in 
Japan in 2010, a 57% reduction in all IPD incidence was 
observed among children <5 years of age.12 Following repla-
cement of PCV7 with PCV13 for routine childhood immu-
nization, a 97% decrease in the incidence of childhood IPD 
caused by PCV13 serotypes was observed by 2017; however, 
non-PCV13 serotypes continue to cause IPD, including 
more than 20% of IPD cases in adults in Japan caused by 
serotypes contained only in PPSV23.5,15 Notably, PPSV23 is 
the only pneumococcal vaccine routinely recommended for 
individuals ≥65 years of age in Japan;5 this suggests that the 
known limitations of PPSV23, such as poor vaccine effec-
tiveness especially against pneumonia, short-lived duration 
of protection, and quality of immune responses induced by 
unconjugated polysaccharide, might not be optimal for 
pneumococcal disease protection.5,28,33 Thus, broadening 
serotype coverage of PCVs to include those prevailing ser-
otypes responsible for disease is essential to both directly 
and indirectly protect against pneumococcal disease.

A previous first-in-human study found PCV20 to be well 
tolerated and to induce immune responses against all 20 vaccine 
serotypes in healthy adults 18–49 years of age.26 Additionally, 
a phase 2 study in US adults 60–64 years of age showed the safety 
profile of PCV20 was consistent with PCV13, and PCV20 eli-
cited robust OPA responses to all vaccine serotypes that were 
somewhat lower to those elicited by PCV13 and generally higher 
than those for PPSV23 for the serotypes in common.27 The 
phase 2 data supported phase 3 clinical development of PCV20 
in adults and demonstrate the potential for PCV20 to provide 
expanded protection against pneumococcal disease. Following 
the findings of that phase 2 study, PCV20 received breakthrough 
therapy designation by the United States Food and Drug 
Administration for adults 18 years and older.34 The results of 
the current PCV20 study showed tolerability and immunogeni-
city findings in Japanese adults are similar to the previous 
PCV20 phase 1 and 2 studies, providing support for the con-
tinued development of PCV20 in this population. Additional 
safety and immunogenicity data with PCV20 are anticipated 
from adult phase 3 studies, including a pivotal study assessing 
the noninferiority of immune responses between PCV20 and the 
licensed PCV13 and PPSV23 (NCT03828617, NCT03760146, 
and NCT03835975). The current study also showed that func-
tional immune responses were elicited to all 7 vaccine serotypes 
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after a single dose of cPCV7, and the vaccine was well tolerated 
with few AEs reported in healthy Japanese adults.

This is the first study to assess the safety and immunogeni-
city of PCV20 and cPCV7 in Japanese adults 18–49 years of age 
and is strengthened by its randomized design. Potential limita-
tions of the study are the small size, which fits the purpose of 
the study but which may limit the breadth of conclusions 
drawn, and the ability to generalize to other age or racial 
groups. However, the results in this small study suggest that 
the safety and immunogenicity profile of PCV20 in a Japanese 
population is similar to those in prior PCV20 studies in non- 
Japanese populations.

In conclusion, PCV20 and cPCV7 were well tolerated and 
induced serotype-specific functional OPA immune responses 
in Japanese adults. These results help support clinical develop-
ment of PCV20 in Japan.
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