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ABSTRACT
Pneumococcal disease can be serious and debilitating in older adults. Pneumococcal conjugate vaccines 
(PCVs), such as the 13-valent PCV (PCV13), reduce pneumococcal disease rates caused by vaccine 
serotypes. Development of PCVs offering additional coverage against serotypes not contained in PCV13 
can reduce disease burden further. The complementary 7-valent PCV (cPCV7) contains seven non-PCV13 
serotypes (8, 10A, 11A, 12F, 15B, 22F, 33F) and can expand coverage by supplementing direct or indirect 
protection from existing PCVs. This phase 1/2, randomized, active-controlled, observer-blinded study 
evaluated cPCV7 safety and immunogenicity in healthy adults 50–85 years of age. Stage 1 randomized 66 
healthy adults (50–64 years) naive to pneumococcal vaccines to receive cPCV7 or licensed tetanus, 
diphtheria, and acellular pertussis vaccine; Stage 2 randomized 445 healthy adults (65–85 years) pre-
viously vaccinated with PCV13 to receive cPCV7 or 23-valent polysaccharide vaccine. Local reactions and 
systemic events up to 14 days and adverse events (AEs) through 1 month after vaccination were assessed. 
Immunogenicity was evaluated by serotype-specific opsonophagocytic activity (OPA) assays before and 
1 month after vaccination (and after 12 months in Stage 2). Rates of local reactions, systemic events, and 
AEs were generally similar after receipt of cPCV7 or control. Robust OPA responses were observed for all 
seven serotypes 1 month after cPCV7; titers declined yet remained above baseline 12 months after 
vaccination. Overall, this study found that in adults ≥50 years of age, cPCV7 was safe, well tolerated, 
and elicited functional immune responses to vaccine serotypes. ClinicalTrials.gov: NCT03313050
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Introduction

Streptococcus pneumoniae can cause serious invasive diseases 
(e.g., bacteremic pneumonia, meningitis) as well as noninva-
sive diseases (e.g., acute otitis media, sinusitis, nonbacteremic 
pneumonia).1–3 Pneumococcal disease is a global public health 
concern: in 2016, there were 197 million cases and 1.1 million 
deaths from pneumococcal disease globally.4

Although pneumococcal disease poses a serious risk for all 
individuals, older adults remain particularly susceptible to 
pneumococcal infection.1–3,5 In the United States, an estimated 
503,000 cases of nonbacteremic pneumococcal pneumonia and 
30,000 cases of invasive pneumococcal disease (IPD) occur 
annually among adults ≥50 years of age, resulting in 25,000 
deaths each year for this population.6 Serious pneumococcal 
disease is predominantly caused by a limited subset of the >95 
known S pneumoniae serotypes.2,3,7

To protect against pneumococcal disease, vaccines have 
been developed and are recommended for use in numerous 
countries.2 While the 23-valent pneumococcal polysaccharide 
vaccine (PPSV23) has been available since the early 1980s,2,8,9 

unconjugated polysaccharide vaccines like PPSV23 elicit 
a T-cell independent response and do not induce immunolo-
gical memory.10 Additionally, several PPSV23 studies have not 

shown effectiveness in preventing nonbacteremic pneumococ-
cal pneumonia in older adults.10–12 In contrast, pneumococcal 
conjugate vaccines (PCVs), such as 13-valent PCV (PCV13), 
induce T-cell-dependent immune responses, resulting in more 
robust and long-lasting immune responses10,13 with demon-
strated efficacy and real-world effectiveness against nonbac-
teremic pneumococcal pneumonia.14,15 PCV13 targets 13 
pneumococcal serotypes (1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 
19A, 19F, and 23F), of which 12 are also targeted by PPSV23.2,9

Widespread use of PCVs in children and adults has resulted in 
substantial reductions of the disease burden associated with vac-
cine serotypes;16–19 however, after the introduction of PCV13, 
pneumococcal disease burden due to nonvaccine serotypes has 
persisted and increased in some settings, including among older 
adults.20 As such, expanding serotype coverage beyond that pro-
vided by current PCVs would be expected to further reduce the 
worldwide burden of pneumococcal disease.18,20–23

To augment protection provided by PCV13, the comple-
mentary 7-valent PCV (cPCV7) was developed to target seven 
additional serotypes (8, 10A, 11A, 12F, 15B, 22F, and 33F) and 
extend coverage beyond PCV13. These seven serotypes were 
selected based on prevalence, geographic distribution, and 
association with antibiotic resistance and greater disease 

CONTACT Kari Yacisin kari.yacisin@pfizer.com Vaccine Research and Development, Pfizer Inc, 500 Arcola Road, Collegeville, PA 19426, USA.
†Pfizer employee at the time the work was performed.

Supplemental data for this article can be accessed on the publisher’s website at https://doi.org/10.1080/21645515.2021.1890511

HUMAN VACCINES & IMMUNOTHERAPEUTICS     
2021, VOL. 17, NO. 8, 2691–2699 
https://doi.org/10.1080/21645515.2021.1890511

© 2021 Pfizer, Inc. Published with license by Taylor & Francis Group, LLC. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivatives License (http://creativecommons.org/licenses/by-nc-nd/4.0/), 
which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited, and is not altered, transformed, or built upon in any way.

http://orcid.org/0000-0001-7174-1314
http://orcid.org/0000-0002-4916-145X
https://doi.org/10.1080/21645515.2021.1890511
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2021.1890511&domain=pdf&date_stamp=2021-07-23


severity.17,21–34 Of note, in Germany in 2017 and 2018, these 7 
additional serotypes accounted for approximately 30% of all 
cases of IPD in adults 60 years of age and older.33 Moreover, in 
US adults of any age, it has been estimated that these serotypes 
account for approximately 9990 cases of IPD and 44,000 cases 
of inpatient pneumonia annually.35 A strategy of using 
a complementary PCV such as cPCV7 that extends coverage 
but does not contain the serotypes already covered by available 
PCVs could be implemented in cases where protection against 
PCV13 serotypes is provided either indirectly from herd pro-
tection from a coexisting pediatric PCV13 program, which may 
have certain limitations, or directly with PCV13 given sepa-
rately or concomitantly with cPCV7. Thus, supplementing 
PCV13 serotype coverage with cPCV7 could potentially 
address an unmet need to expand protection in older adults 
against pneumococcal disease caused by these seven serotypes.

This two-stage, phase 1/2, first-in-human study was con-
ducted to describe the safety and immunogenicity of cPCV7 in 
adults 50 to 64 years of age naive to pneumococcal vaccines and 
in adults 65 to 85 years of age previously vaccinated with 
PCV13.

Methods

Study design and participants

This two-stage, phase 1/2, randomized, active-controlled, 
observer-blinded study conducted between October 12, 2017, 
and May 24, 2019, at 16 study sites in the United States 
evaluated the safety and immunogenicity of cPCV7 in healthy 
adults 50 to 85 years of age (NCT03313050). The purpose of 
Stage 1 (phase 1 portion of the study) was to provide first-in- 
human safety and immunogenicity data for cPCV7 in 50- to 
64-year-old adults. Stage 2 functioned as the phase 2 part of the 
study and provided additional safety and immunogenicity data 
for cPCV7, with PPSV23 serving as the control group in adults 
65 to 85 years of age.

For Stage 1, eligible participants were 50 to 64 years of age 
and healthy or had chronic, nonserious, stable disease not 
requiring a significant change in therapy in the 12 weeks pre-
ceding enrollment or not worsening or requiring hospitaliza-
tion within 6 months before receipt of the investigational 
product. Key exclusion criteria for Stage 1 included history of 
clinically significant or major disease or other acute or chronic 
medical or psychiatric condition that may have increased the 
risk associated with participation or with investigational pro-
duct administration or that may have interfered with result 
interpretation and, in the investigator’s judgment, would have 
made participation in the study inappropriate, or who had 
a known or suspected immunodeficiency or had received 
immunosuppressive therapy. For Stage 2, eligible participants 
were 65 to 85 years of age, were either healthy or had stable 
preexisting disease (as described for Stage 1) and had received 
PCV13 at least 2 months before investigational product admin-
istration. Key exclusion criteria were otherwise identical to 
Stage 1.

Participants were randomized in a 1:1 ratio to receive either 
cPCV7 or licensed tetanus, diphtheria, and acellular pertussis 
(Tdap) vaccine (Stage 1) or to receive either cPCV7 or PPSV23 

(Stage 2). Participant allocation to the vaccine group was per-
formed using an interactive response technology system (inter-
active Web-based response) that provided site personnel with 
the participant randomization number. Study staff administer-
ing vaccines were unblinded, but all other study personnel (i.e., 
principle investigator, study coordinator, and any other site 
staff) and study participants were blinded. For Stage 1, sponsor 
core study team members remained blinded until completion 
of the analysis of all available safety data 1 month after vacci-
nation. Similarly, for Stage 2, sponsor blinding remained until 
completion of the analysis of all available safety and immuno-
genicity data 1 month after vaccination. Investigator site per-
sonnel remained blinded until after the primary clinical study 
report was complete.

A single 0.5-mL dose of the investigational cPCV7 (Stage 1 
and 2) or licensed Tdap vaccine (Stage 1; Adacel®, Sanofi 
Pasteur, Ltd) was administered intramuscularly into the del-
toid muscle. cPCV7 contains saccharides from seven pneumo-
coccal serotypes individually conjugated to the nontoxic 
variant of diphtheria toxin cross-reactive material 197 
(CRM197). A single cPCV7 dose contains 2.2 µg of each sac-
charide and 0.125 mg aluminum as aluminum phosphate. 
Tdap is a sterile isotonic suspension of tetanus and diphtheria 
toxoids and pertussis antigens adsorbed on aluminum phos-
phate. A single dose (0.5 mL) of PPSV23 (Stage 2; Pneumovax 
®, Merck & Co., Inc.) consists of 25 µg of each purified capsular 
polysaccharides from 23 serotypes (1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 
9V, 10A, 11A, 12F, 14, 15B, 17F, 18C, 19A, 19F, 20, 22F, 23F, 
and 33F) in an isotonic saline solution containing 0.25% phe-
nol as a preservative.

The study was conducted in compliance with the ethical 
principles originating in or derived from the Declaration of 
Helsinki and in compliance with all International Council for 
Harmonization Good Clinical Practice Guidelines. The proto-
col was approved by the institutional review board or indepen-
dent ethics committee for each participating study site. All 
participants provided written informed consent before perfor-
mance of any study-specific activity.

Assessments

Safety assessments included local reactions, systemic events, 
adverse events (AEs), serious AEs (SAEs), and newly diag-
nosed chronic medical conditions (NDCMCs). Prompted 
local reactions and systemic events were recorded in an 
electronic diary for 14 days after vaccination. Local reac-
tions (redness, swelling, pain at the injection site) and 
systemic events (fatigue, headache, muscle pain, joint 
pain) were graded as mild (grade 1), moderate (grade 2), 
severe (grade 3), or grade 4 based on increasing severity 
levels. Grading was based on size or description of the 
affected area for redness and swelling and on degree to 
which the event interfered with activity for pain and all 
systemic events. Maximum daily temperature was recorded 
in the electronic diary; fever was collected as a systemic 
event and grouped into 1 of 4 categories: 38.0–38.4°C, 38.-
5–38.9°C, 39.0–40.0°C, and >40°C. Data on AEs were col-
lected through 1 month after vaccination and on SAEs and 
NDCMCs, through a telephone follow-up 6 months after 
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vaccination in both stages, and also at a visit 12 months 
after vaccination for Stage 2 only.

For both Stages 1 and 2, blood samples for immunogenicity 
assessments were collected before vaccination and 1 month 
after vaccination. Stage 2 included an additional blood sample 
collection at 12 months after vaccination.

Endpoints

Primary endpoints included the percentage of participants 
reporting prompted local reactions or systemic events occur-
ring within 14 days after vaccination, the percentage of parti-
cipants reporting AEs occurring within 1 month after 
vaccination, and the percentage of participants reporting 
SAEs or NDCMCs occurring within 6 months after vaccination 
(Stages 1 and 2) and within 12 months after vaccination (Stage 
2 only).

Secondary endpoints included cPCV7-type opsonophago-
cytic activity (OPA) geometric mean titers (GMTs) at 1 month 
after vaccination and cPCV7-type OPA geometric mean fold 
rises (GMFRs) from before vaccination to 1 month after 
vaccination.

Exploratory endpoints (Stage 2 only) included percentages 
of participants with fourfold rises in OPA titers from before to 
1 month after vaccination, immunoglobulin G (IgG) geometric 
mean concentrations (GMCs) at 1 month after vaccination, 
and IgG GMFRs from before to 1 month after vaccination, 
and OPA GMTs at 12 months after vaccination and OPA 
GMFRs from before vaccination to 12 months after 
vaccination.

Analyses

The study sample size was not based on any formal statistical 
hypothesis testing. The study planned to enroll approximately 
33 participants per group in Stage 1 and 220 per group in Stage 
2 to provide a sample size sufficient to detect infrequent local 
reactions, systemic events, and AEs.

The safety population used for the analysis of safety end-
points included any participant who received a dose of cPCV7 
or Tdap (Stage 1) or of cPCV7 or PPSV23 (Stage 2). 
Descriptive summaries of the safety endpoints, the percentages 
of participants with the indicated endpoint, and the associated 
95% CIs were calculated using the Clopper-Pearson method.

The evaluable immunogenicity population at 1 month after 
vaccination (in each of Stages 1 and 2) or the evaluable immu-
nogenicity population at 12 months after vaccination (Stage 2 
only) was used to assess immunogenicity endpoints and 
included all eligible participants who received the assigned 
vaccine as randomized, had a blood collection within 
27–49 days after vaccination (or 350–385 days after vaccination 
for the analysis at 12 months), had OPA titers for ≥1 serotype 
after vaccination, and had no other major protocol deviations.

Descriptive summaries of geometric means and corre-
sponding 95% CIs were calculated for OPA titers and IgG 
concentrations at each time point by vaccine group within 
Stage 1 or Stage 2, with each serotype analyzed separately. 
GMTs or GMCs and corresponding exact 2-sided 95% CIs 
were obtained by log-transforming OPA titers or IgG 

concentrations, respectively, then calculating the 95% CI 
based on the Student’s t distribution and exponentiating the 
mean and limits. Serotype-specific GMFRs were summarized 
by each vaccine group for the fold change in OPA titer or IgG 
concentration from before vaccination to 1 month after vacci-
nation (Stages 1 and 2) and from before vaccination to 
12 months after vaccination (Stage 2 only). GMFRs were cal-
culated by first dividing the later time point assay result by the 
earlier assay result and log transforming the ratios, then apply-
ing the same geometric mean and associated 95% CI calcula-
tions as described above for GMTs and GMCs. OPA titers or 
IgG concentrations below the lower limit of quantitation 
(LLOQ) were set to 0.5 × LLOQ for analyses; missing assay 
results were not imputed.

Results

Stage 1

Participants
In Stage 1, 66 participants were randomized to receive either 
cPCV7 (n = 34) or Tdap (n = 32). All participants received 
vaccination and completed the 6-month follow-up visit. All 66 
participants were included in the safety population, and 65 
participants were included in the evaluable immunogenicity 
population for 1 month after vaccination (1 participant with 
a blood sample drawn outside the protocol specified time 
window was excluded). Demographic characteristics were 
similar between vaccine groups; mean (SD) age at vaccination 
was 58.1 (4.46) years, and the majority of participants were 
White, non-Hispanic, and female (Supplementary Table 1).

Safety
Local reactions were reported by 22 (64.7%) participants in the 
cPCV7 group and 25 (78.1%) participants in the Tdap group 
(Supplementary Figure 1). All local reactions were mild or 
moderate in severity; pain at the injection site was the most 
common local reaction in both vaccine groups. Systemic events 
were reported by 23 (67.6%) participants in the cPCV7 group 
and 22 (68.8%) participants in the Tdap group (Supplementary 
Figure 1). The most frequently reported systemic event was 
muscle pain. All systemic events were mild or moderate in 
severity, and fever (temperature ≥38.0°C) was not reported in 
either group.

A total of 3 (8.8%) participants in the cPCV7 group and 3 
(9.4%) participants in the Tdap group reported any AE; all 
were considered unrelated to vaccination (Supplementary 
Table 2). Two participants (both in the cPCV7 group) reported 
1 SAE each (intestinal obstruction, cholecystitis) within 
1 month after vaccination, neither of which was considered 
related to vaccination. NDCMCs were reported by 2 partici-
pants in the Tdap group (1 event each of hypercholesterolemia, 
lactose intolerance, and hypertension) and were not considered 
related to the vaccine. No safety-related withdrawals were 
reported.

Immunogenicity
Robust increases in serotype-specific OPA GMTs were 
observed 1 month after vaccination in the cPCV7 group for 
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all seven vaccine serotypes (GMT range: 1401–9558) compared 
to before vaccination (Supplementary Table 3). The serotype- 
specific OPA GMFRs from baseline to 1 month after vaccina-
tion for all seven serotypes ranged from 6.5-fold (serotype 11A) 
to 261.8-fold (serotype 12 F) in the cPCV7 group 
(Supplementary Table 4). As expected, no increases in the 
Tdap control group were observed.

Stage 2

Participants
Of the 444 participants receiving either cPCV7 (n = 221) or 
PPSV23 (n = 223) in Stage 2, 414 participants completed the 
study through 12 months after vaccination (cPCV7: 210 parti-
cipants, 95.0%; PPSV23: 204 participants, 91.1%; Figure 1). 
Reasons for withdrawal included protocol deviation (e.g., pro-
hibited vaccine received; n = 14), lost to follow-up (n = 6), 
death (n = 3), withdrawal by participant (n = 3), no longer 
meeting the eligibility criteria (n = 3), AE (n = 1), and other 
(n = 1). All 444 participants were included in the safety popu-
lation. The 1-month evaluable immunogenicity population 
included 436 participants (cPCV7: 219 participants; PPSV23: 
217 participants), and the 12-month evaluable immunogenicity 
population included 407 participants (cPCV7: 207 participants; 
PPSV23: 200 participants). Demographic characteristics were 
similar between vaccine groups; mean (SD) age at vaccination 
was 68.9 (4.36) years, and the majority of study participants 
were White, non-Hispanic, and female (Supplementary 
Table 1). The mean interval between the prior dose of PCV13 
and randomization was 15.4 months in both groups.

Safety
Local reactions were reported by 113 (51.5%) participants in 
the cPCV7 group and 141 (63.2%) participants in the PPSV23 
group. A total of 129 (58.4%) and 139 (62.3%) participants in 
the cPCV7 and PPSV23 groups, respectively, reported 

a systemic event. Most local reactions and systemic events 
were mild or moderate in severity (Figure 2). No severe local 
reactions were reported in the cPCV7 group; however, severe 
local reactions were reported in the PPSV23 group (redness, 
n = 12 [5.4%]; swelling, n = 8 [3.6%]; pain at the injection site, 
n = 4 [1.8%]). Fever was reported by one participant in the 
cPCV7 group (38.0–38.4°C) and 2 participants in the PPSVS23 
group (38.5–38.9°C, 39.0–40.0°C).

Adverse events occurred in 22 (10.0%) and 30 (13.5%) 
participants in the cPCV7 and PPSV23 groups, respectively, 
in the month after vaccination; no AEs were considered related 
to vaccination (Table 1). Severe AEs occurred in 2 participants 
in the cPCV7 group (one each of breast abscess and gastro-
enteritis) and in 1 participant in the PPSV23 group (throm-
bophlebitis) in the month after vaccination, but none of these 
AEs were assessed as related to vaccination. From vaccination 
through 6 months after vaccination, 5 participants in the 
cPCV7 group and 6 participants in the PPSV23 group reported 
≥1 SAE; the only SAE considered by the investigator to be 
related to vaccination was polymyalgia rheumatica, reported 
by 1 participant in the PPSV23 group 44 days after vaccination. 
In the 12 months after vaccination, SAEs were reported by 9 
and 8 participants in the cPCV7 and PPSV23 groups, respec-
tively, and 15 participants in the cPCV7 group and 14 partici-
pants in the PPSV23 group reported ≥1 NDCMC. One 
participant in the PPSV23 group was withdrawn from the 
study (hernia hiatus repair). Three deaths occurred during 
the study in participants in the cPCV7 group (one each of 
myocardial infarction, arteriosclerosis, and acute respiratory 
distress syndrome); deaths occurred 259–272 days after vacci-
nation and none were considered related to vaccination.

Immunogenicity
One month after vaccination, robust increases in serotype- 
specific OPA GMTs were observed for all seven cPCV7 ser-
otypes in the cPCV7 group (Figure 3), with GMTs 1 month 

Figure 1. Stage 2 subject disposition. cPCV7 = complementary 7-valent pneumococcal conjugate vaccine; PPSV23 = 23-valent pneumococcal polysaccharide vaccine.
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after vaccination ranging from 528 (serotype 8) to 4775 (ser-
otype 22F). Among PPSV23 recipients, OPA GMTs 1 month 
after vaccination ranged from 586 (serotype 15B) to 4043 
(serotype 33F). OPA GMFRs from baseline to 1 month after 
vaccination for all seven serotypes ranged from 7.5-fold (ser-
otype 11A) to 64.0-fold (serotype 12F) in the cPCV7 group and 
from 7.0-fold (serotype 11A) to 40.5-fold (serotype 8) in the 
PPSV23 group (Figure 3). Across all seven serotypes, 54.0% 
(serotype 11A) to 87.0% (serotype 12F) of participants in the 
cPCV7 group achieved a ≥ fourfold rise in OPA titers from 
baseline at 1 month after vaccination. For the PPSV23 group, 
52.5% (serotype 11A) to 85.8% (serotype 8) of participants 
achieved ≥fourfold rise in OPA titers 1 month after vaccina-
tion. The IgG responses to the seven vaccine serotypes showed 
a trend consistent with the OPA responses (Supplementary 
Figure 2).

At 12 months after vaccination, pneumococcal OPA GMTs 
for the 7 serotypes declined from the levels observed at 
1 month after vaccination but remained elevated above levels 

before vaccination for both cPCV7 and PPSV23 groups. Plots 
of the OPA GMTs for each of the vaccine serotypes at the three 
immunogenicity time points (before vaccination, 1 and 
12 months after vaccination) are provided by vaccine group 
in Figure 4. OPA GMFRs from before vaccination to 12 months 
after vaccination were from 2.2-fold (serotype 11A) to 
12.6-fold (serotype 12F) among cPCV7 recipients and 
1.8-fold (serotype 11A) to 9.1-fold (serotype 8) among 
PPSV23 recipients.

Discussion

While the worldwide introduction of PCVs has resulted in sub-
stantial reductions in pneumococcal disease among both chil-
dren and adults, certain serotypes not included in these vaccines 
continue to cause disease.16–19,34 This 2-stage phase 1/2 study 
assessed the safety and immunogenicity of cPCV7, a novel PCV 
that targets 7 pneumococcal serotypes not included in PCV13; 

Figure 2. Reactogenicity events including (A) local reactions and (B) systemic events occurring within 14 days after vaccination (Stage 2). Three reports of fever (1 and 2 
participants in cPCV7 and PPSV23 groups, respectively) are not shown. Number of participants: cPCV7, n = 221; PPSV23, n = 223. cPCV7 = complementary 7-valent 
pneumococcal conjugate vaccine; PPSV23 = 23-valent pneumococcal polysaccharide vaccine.
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these serotypes were selected based on relative prevalence as 
a cause of IPD and nonbacteremic pneumonia, geographic dis-
tribution, antibiotic resistance, and disease severity 
characteristics.17,21–34

In this first-in-human study, cPCV7 was well tolerated and 
elicited functional immune responses in healthy adults 50 to 
85 years of age. The two study stages allowed for an efficient 
transition to move from a phase 1 type evaluation that focused 
primarily on describing initial safety and immunogenicity to 
a phase 2 evaluation with a larger and older population with 
a licensed pneumococcal vaccine as a control to further assess 
safety and immunogenicity. Because the participants in the 
control group in Stage 2 were to receive PPSV23, the study 
enrolled only those who had received the recommended dose 

of PCV13 at least 2 months previously as part of their routine 
care, and excluded those who had prior vaccination with 
PPSV23. This was to ensure that the study population would 
have received PCV13 before a dose of PPSV23 (if randomized 
to the control group), consistent with the sequence recom-
mended by the Advisory Committee on Immunization 
Practices based on diminished responses when PPSV23 is 
given initially.22 Although all Stage 2 participants had received 
prior PCV13 before enrollment, they were naive to vaccines 
containing the polysaccharides for the serotypes in cPCV7.

cPCV7 was well tolerated in Stage 1, with all local and 
systemic reactions being mild to moderate in severity. In Stage 
2, local reactions and systemic events experienced by cPCV7 and 
PPSV23 recipients were generally mild or moderate in severity. 

Table 1. Summary of AEs (Stage 2 Safety Population).

cPCV7 
(N=221)

PPSV23 
(N=223)

Adverse Event n (%) (95% CI) n (%) (95% CI)

Through 1 month after vaccination
Any AE 22 (10.0) (6.3, 14.7) 30 (13.5) (9.3, 18.6)
Severe AE 2 (0.9) (0.1, 3.2) 1 (0.4) (0.0, 2.5)
SAE 0 (0.0, 1.7) 1 (0.4) (0.0, 2.5)
NDCMC 0 (0.0, 1.7) 4 (1.8) (0.5, 4.5)

From 1 to 6 months after vaccination
SAE 5 (2.3) (0.7, 5.2) 5 (2.2) (0.7, 5.2)
NDCMC 7 (3.2) (1.3, 6.4) 7 (3.1) (1.3, 6.4)

From 6 to 12 months after vaccination
SAE 5 (2.3) (0.7, 5.2) 3 (1.3) (0.3, 3.9)
NDCMC 9 (4.1) (1.9, 7.6) 4 (1.8) (0.5, 4.5)

Throughout the study
SAE 9 (4.1) (1.9, 7.6) 8 (3.6) (1.6, 6.9)
NDCMC 15 (6.8) (3.8, 10.9) 14 (6.3) (3.5, 10.3)

AE=adverse event; cPCV7=complementary 7-valent pneumococcal conjugate vaccine; NDCMC=newly diagnosed chronic medical condition; PPSV23=23-valent 
pneumococcal polysaccharide vaccine; SAE=serious adverse event.

Figure 3. Pneumococcal OPA GMTs before and 1 month after vaccination and GMFRs 1 month after vaccination for the cPCV7 serotypes (Stage 2). The LLOQs for each 
serotype were as follows: 8, 16; 10A, 14; 11A, 32; 12F, 51; 15B, 36; 22F, 28; 33F, 49. cPCV7 = complementary 7-valent pneumococcal conjugate vaccine; 
GMTs = geometric mean titers; GMFRs = geometric mean fold-rises; LLOQ = lower limit of quantitation; OPA = opsonophagocytic activity; PPSV23 = 23-valent 
pneumococcal polysaccharide vaccine.
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However, cPCV7 had a lower rate of moderate and severe local 
reactions than PPSV23. The severe reactions observed in parti-
cipants receiving PPSV23 were typical of PPSV23 in those with 
prior pneumococcal vaccination.36,37 Frequencies of AEs were 
similar for cPCV7 and PPSV23, and no new safety concerns 
were identified.

Robust immune responses to all vaccine serotypes were seen 
1 month after vaccination with cPCV7 in Stages 1 and 2. In 
Stage 2, observed OPA GMTs at 1 month after cPCV7 were 
similar to or higher than the PPSV23 group. OPA GMTs to the 
vaccine serotypes had declined by 12 months after cPCV7 but 
remained above baseline levels. Although PPSV23 was used as 
the benchmark for the seven vaccine serotypes in Stage 2 of this 
study, it is important to note that the absolute OPA GMTs 
alone do not completely reflect the important advantages of 

PCVs in terms of quality of immune responses, including 
eliciting memory responses and ability to protect against non-
invasive disease.10,14

Taken together, these results show that cPCV7 is immuno-
genic in older adults. Thus, if developed further, cPCV7 could 
have the potential to supplement the protection provided by 
PCV13. Expanding serotype coverage of PCVs would be 
expected to reduce the substantial burden of pneumococcal dis-
ease due to these additional serotypes.1–3,5 It should be noted that 
an alternative approach to cPCV7, a 20-valent PCV (PCV20), is 
also in clinical development. PCV20 contains the components in 
PCV13 and the polysaccharide conjugates of cPCV7 in a single 
formulation and represents a more efficient approach to expand-
ing vaccine coverage. PCV20 has shown that it is well tolerated 
and elicits functional antibodies in phase 1 and phase 2 studies, 

Figure 4. Pneumococcal OPA GMT antibody response curves and OPA GMFRs for the cPCV7 serotypes from baseline to 12 months after vaccination (Stage 2). Note that 
the y-axis scales for each graph differ. cPCV7 = complementary 7-valent pneumococcal conjugate vaccine; GMT = geometric mean titer; OPA = opsonophagocytic 
activity; PPSV23 = 23-valent pneumococcal polysaccharide vaccine.
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and findings from phase 3 clinical studies are forthcoming 
(NCT03828617, NCT03760146, NCT03835975).38,39

This study to evaluate cPCV7 was strengthened by its ran-
domized 2-stage design. Potential limitations include that it 
was performed in a single country, thereby constraining the 
global generalizability of these results. The sample size was 
appropriate for a phase 1/2 study and allowed a descriptive 
assessment of safety and immunogenicity.

Conclusion

In this two-stage, phase 1/2, first-in-human study, cPCV7 was 
well tolerated and induced functional immune responses to the 
vaccine serotypes in adults 50 through 85 years of age.
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