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ABSTRACT

BACKGROUND

The ZF2001 vaccine, which contains a dimeric form of the receptor-binding domain
of severe acute respiratory syndrome coronavirus 2 and aluminum hydroxide as an
adjuvant, was shown to be safe, with an acceptable side-effect profile, and immuno-
genic in adults in phase 1 and 2 clinical trials.

METHODS

We conducted a randomized, double-blind, placebo-controlled, phase 3 trial to in-
vestigate the efficacy and confirm the safety of ZF2001. The trial was performed at
31 clinical centers across Uzbekistan, Indonesia, Pakistan, and Ecuador; an addi-
tional center in China was included in the safety analysis only. Adult participants
(218 years of age) were randomly assigned in a 1:1 ratio to receive a total of three
25-pg doses (30 days apart) of ZF2001 or placebo. The primary end point was the
occurrence of symptomatic coronavirus disease 2019 (Covid-19), as confirmed on
polymerase-chain-reaction assay, at least 7 days after receipt of the third dose. A key
secondary efficacy end point was the occurrence of severe-to-critical Covid-19
(including Covid-19-related death) at least 7 days after receipt of the third dose.

RESULTS

Between December 12, 2020, and December 15, 2021, a total of 28,873 participants
received at least one dose of ZF2001 or placebo and were included in the safety analy-
sis; 25,193 participants who had completed the three-dose regimen, for whom there
were approximately 6 months of follow-up data, were included in the updated
primary efficacy analysis that was conducted at the second data cutoff date of De-
cember 15, 2021. In the updated analysis, primary end-point cases were reported
in 158 of 12,625 participants in the ZF2001 group and in 580 of 12,568 participants
in the placebo group, for a vaccine efficacy of 75.7% (95% confidence interval [CI],
71.0 to 79.8). Severe-to-critical Covid-19 occurred in 6 participants in the ZF2001
group and in 43 in the placebo group, for a vaccine efficacy of 87.6% (95% CI, 70.6
to 95.7); Covid-19-related death occurred in 2 and 12 participants, respectively, for
a vaccine efficacy of 86.5% (95% CI, 38.9 to 98.5). The incidence of adverse events
and serious adverse events was balanced in the two groups, and there were no
vaccine-related deaths. Most adverse reactions (98.5%) were of grade 1 or 2.

CONCLUSIONS
In a large cohort of adults, the ZF2001 vaccine was shown to be safe and effective
against symptomatic and severe-to-critical Covid-19 for at least 6 months after full
vaccination. (Funded by the National Science and Technology Major Project and
others; ClinicalTrials.gov number, NCT04646590.)
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ONTROL OF THE CORONAVIRUS DISEASE

2019 (Covid-19) pandemic, caused by se-

vere acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2), remains a global priority.!
Vaccination, with a supply of multiple vaccines
based on different platforms, is the cornerstone of
pandemic control.>® The results of clinical studies
of the efficacy of Covid-19 vaccines based on dif-
ferent platforms have been reported,**® and those
that use messenger RNA (mRNA) or adjuvanted
recombinant protein were shown to have an ef-
ficacy of 90 to 96%.%** These vaccines target ei-
ther the whole virus or the spike protein. Although
the receptor-binding domain (RBD) has been
widely used as the Covid-19 vaccine target (four
vaccines have been approved for emergency use
and several are in late stages of clinical trials*'®),
data regarding the efficacy of RBD-based vaccines
are lacking.

Currently, B.1.617.2 (delta) and B.1.1.529
(omicron), the highly transmissible SARS-CoV-2
variants of concern, have brought new waves of
infection worldwide and have accounted for break-
through infections owing to their reduced sensi-
tivity to the currently available vaccines.” Although
vaccine effectiveness has been reported in real-
world studies,® clinical efficacy against the preva-
lent delta variant of concern has been reported for
only two vaccines in two randomized, controlled
phase 3 trials. In one trial, the BBV152 vaccine
(Bharat Biotech International) was shown to
have an efficacy of 65.2%,> and in another, the
SCB-2019 vaccine was shown to have an efficacy
of 78.7%.7

We developed a protein subunit Covid-19 vac-
cine, ZF2001, using the tandem-repeat dimeric
RBD of the SARS-CoV-2 spike protein (from the
original Wuhan-Hu-1 strain) as the antigen.!” The
antigen protein is produced in Chinese hamster
ovary cells and then adjuvanted with aluminum
hydroxide to produce the vaccine. ZF2001 requires
less stringent cold-chain transport and storage,
a factor that facilitates its availability in the
global supply. Preclinical studies of ZF2001 have
shown the immunogenicity and protective effi-
cacy of the vaccine in rodents and macaques.”
The phase 1 and 2 clinical trials showed that the
ZF2001 vaccine is safe, with an acceptable side-
effect profile, and immunogenic in humans, and
a three-dose regimen was selected for use in a
phase 3 trial.* In serum samples, the majority
of vaccine-elicited neutralizing activities against
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the B.1.351 (beta) variant of concern® and pseudo-
virus expressing a panel of spikes from variants
of concern and variants of interest, including
B.1.1.7 (alpha), beta, delta, B.1.617.1 (kappa), and
omicron,?** were shown to be preserved. ZF2001
has been approved in China, Uzbekistan, Indone-
sia, and Colombia.> Here, we report the results of
a multinational, randomized, double-blind, pla-
cebo-controlled, phase 3 trial of the efficacy and
safety of ZF2001 in adults 18 years of age or
older during a period when the delta variant was
prevalent.

METHODS

TRIAL DESIGN AND OVERSIGHT

The trial was conducted at 31 centers in Uzbeki-
stan, Indonesia, Pakistan, and Ecuador (see the
Supplementary Appendix, available with the full
text of this article at NEJM.org). An additional
center in China was included only in the safety
evaluation because of the difficulty in efficacy
evaluation posed by the dynamic zero—Covid-19
strategy used in China. All the participants pro-
vided written informed consent. The trial proto-
col (available at NEJM.org), the written informed
consent form, and other information related to
participants were approved by the clinical research
ethics board of the Hunan Provincial Center for
Disease Control and Prevention (China) and the
corresponding ethics committees in the other
four countries. The trial was conducted according
to the principles of the Declaration of Helsinki,
the International Council for Harmonisation Good
Clinical Practice guidelines, and the International
Ethical Guidelines on Biomedical Research In-
volving Human Subjects.

Cases of Covid-19 meeting the definition of
the primary end point (i.e., the occurrence of
symptomatic Covid-19, as confirmed on poly-
merase-chain-reaction [PCR] assay, at least 7 days
after the third dose [hereafter, primary end-point
cases]) and the classification of disease severity
were verified by an independent end-point adju-
dication committee. Safety oversight was per-
formed by an independent data safety and moni-
toring board.

The conduct of the trial was overseen by Anhui
Zhifei Longcom Biopharmaceutical (Zhifei), which
manufactured the investigational products and
used contract clinical research organizations to
coordinate interactions between regulatory au-

NEJM.ORG JUNE 2, 2022

The New England Journal of Medicine

Downloaded from nejm.org on July 16, 2022. For person:

al use only. No other uses without permission.

Copyright © 2022 Massachusetts Medical Society. All rights reserved.



RBD-DIMER—BASED COVID-1

thorities and staff at the clinical sites regarding
operations. Zhifei and collaborators designed the
trial. The trial-site investigators collected the data,
and representatives from Beijing Keytech Statisti-
cal Technology analyzed the data. The first author
wrote the initial draft of the manuscript with in-
put from the other authors. The data were avail-
able to all the authors, who vouch for the accuracy
and completeness of the data and the analysis and
for adherence of the trial to the protocol. All the
authors had final responsibility for the decision to
submit the manuscript for publication. No confi-
dentiality agreements were in place between Zhifei
and the authors or affiliated institutions.

TRIAL PARTICIPANTS AND PROCEDURES
Volunteers 18 years of age or older who had pro-
vided written informed consent underwent screen-
ing for eligibility. Key exclusion criteria were a
history of Covid-19, positive tests for SARS-CoV-2
exposure or vaccination, and a history of congeni-
tal or acquired immune deficiency or autoimmune
disease. Full details regarding the inclusion and
exclusion criteria are provided in the trial protocol.
Details of the trial procedures are provided in
the trial protocol. Briefly, the participants were
randomly assigned in a 1:1 ratio to receive three
intramuscular injections in the deltoid region,
administered 30 days apart, of the ZF2001 vaccine
(with each dose containing 25 pg of RBD-dimer
protein with 0.25 mg of aluminum hydroxide in
0.5 ml of buffer) or placebo (with each dose
containing 0.25 mg of aluminum hydroxide in
0.5 ml of buffer) (Table S2). Randomization was
stratified according to trial center and age (18 to
59 years or >60 years) and was performed with
the use of an interactive Web-response system
(version 5.0, Shanhu Health). The statisticians who
conducted randomization were not involved in
other work relevant to this clinical trial. The trial
participants, field investigators, and nurses who
administrated the vaccine or placebo were unaware
of the trial-group assignments during the trial.

EFFICACY ASSESSMENTS

The primary efficacy end point was real-time
PCR—confirmed symptomatic Covid-19 occurring
at least 7 days after the third dose. Key secondary
efficacy end points were severe-to-critical Covid-19
(including Covid-19-related death) occurring at
least 7 days after the third dose and Covid-19 of
any severity occurring at least 7 days after the third
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dose in subgroups defined according to age (18 to
59 years vs. >60 years). A key exploratory objec-
tive was the determination of vaccine efficacy
against SARS-CoV-2 variants.

Participants with Covid-19 were monitored by
the investigators through both symptom-driven
passive surveillance and active follow-up visits
(every 3 to 7 days) (see the Supplementary Methods
section in the Supplementary Appendix). After
the first dose of vaccine or placebo, a participant
with any symptom of suspected Covid-19 would
contact or be contacted by the investigators by
telephone, text message, or email or be interviewed
face -to-face. Details of the diagnostic criteria
and definition of Covid-19 cases are provided in
the trial protocol. If the case was confirmed by the
investigators, examinations would be performed
for further verification, including real-time PCR
assay for SARS-CoV-2 RNA in nasopharyngeal
swab samples and measurements of the respira-
tory rate, oxygen saturation, and oxygenation
index. Samples were obtained again for testing
within 24 to 48 hours after the PCR assay for case
confirmation. At least one positive real-time PCR
assay was required for the adjudicated cases. The
S gene of SARS-CoV-2 in the positive samples was
genotyped (see the Supplementary Methods sec-
tion). Data regarding all suspected Covid-19 cases
that were positive on real-time PCR assay, as well
as the severity of disease, were reviewed and con-
firmed by the end-point adjudication committee.

SAFETY ASSESSMENTS

Incident adverse events occurring within 30 min-
utes after each inoculation were recorded in the
observation room. Adverse events (both solicited
and unsolicited) occurring at 0 to 7 days after each
inoculation were recorded by the participants on
diary cards, which were collected by the investiga-
tors at the trial visits. Unsolicited adverse events
occurring 8 to 30 days after each inoculation were
recorded by the participants on contact cards. Seri-
ous adverse events occurring from the time after
the first inoculation through 12 months after
receipt of the third dose were documented by the
investigators during telephone calls; the monitor-
ing of serious adverse events was ongoing at the
time of publication.

STATISTICAL ANALYSIS
In accordance with the guidelines of the World
Health Organization (WHO) regarding vaccine ef-

NEJM.ORG JUNE 2, 2022

The New England Journal of Medicine

Downloaded from nejm.org on July 16, 2022

. For personal use only. No other uses without permission.

Copyright © 2022 Massachusetts Medical Society. All rights reserved.

2099



2100

The NEW ENGLAND JOURNAL of MEDICINE

ficacy,”* we aimed to detect a target vaccine
efficacy of 60%, with the lower boundary of the
95% confidence interval of more than 30%. As-
suming that the incidence of Covid-19 of any
severity would be 1% during the trial period, we
estimated that a sample of 22,144 participants
(11,072 in each group) and 156 Covid-19 cases of
any severity (as calculated by means of the exact
conditional method according to the large-sam-
ple hypothesis of Poisson distribution of Chan
and Bohidar”) would be required to provide the
trial with 90% power to detect the target vaccine
efficacy at a two-sided significance level of 5%.
Therefore, considering the number of patients who
would drop out, be involved in a protocol violation,
or not adhere to the trial regimen, we planned to
randomly assign 14,000 participants to each trial
group.

Two interim analyses were planned, with the
first to be conducted when at least one third of
the estimated 156 Covid-19 cases of any severity
had been reported and the second to be conducted
when at least two thirds of the cases had been
reported. The overall family-wise type I error was
controlled at a two-sided significance level of 5%
with the use of an O’Brien-Fleming alpha-spend-
ing function.?®

A Poisson regression model was used to cal-
culate the vaccine efficacy and the 95% confidence
interval on the basis of the number of cases per
person-year. Although two interim analyses were
planned in this trial, more than 156 Covid-19
cases were reported and confirmed by the end-
point adjudication committee as of June 30, 2021.
The final analysis was conducted directly with-
out any interim evaluation at the data cutoff date
of June 30, 2021. Thus, the significance level of
the test was not adjusted. An updated analysis
with a second data cutoff date of December 15,
2021, was conducted 6 months after receipt of
the third dose. Our hypothesis that the vaccine
would provide better protection against Covid-19
of any severity than placebo at least 7 days after
the third dose would be confirmed when the lower
boundary of the 95% confidence interval for vac-
cine efficacy was more than 30%.

Analyses of vaccine efficacy beginning after
the first dose included all the participants who had
undergone randomization and received at least one
dose of vaccine or placebo (the full analysis set),
and analyses of vaccine efficacy beginning 7 days
after the third dose (the primary efficacy analy-

sis) included all the participants who completed
the three-dose regimen of vaccine or placebo
(the modified full analysis set). Participants who
had received the incorrect trial regimen were
included in the analysis according to their trial-
group assignment on the basis of the intention-
to-treat principle. The safety analysis set included
all the participants who had undergone random-
ization and received at least one dose of vaccine
or placebo; the participants were evaluated accord-
ing to the trial regimen they had actually received.
Additional exclusion criteria regarding the analysis
populations are listed in Table S3 in the Supple-
mentary Appendix.

RESULTS

PARTICIPANTS

Between December 12, 2020, and December 15,
2021, a total of 28,904 participants were enrolled
and underwent randomization at 32 clinical cen-
ters across 5 countries (China, Uzbekistan, Indo-
nesia, Pakistan, and Ecuador). The demographic
and clinical characteristics of the participants
were similar in the two trial groups and in the
subgroups defined according to age, body-mass
index, race, and the presence of coexisting medi-
cal conditions (Table 1). Among these participants,
27,065 (93.6%) were 18 to 59 years of age, 1839
(6.4%) were 60 years of age or older, and 9383
(32.5%) were female. A total of 78.5% of the par-
ticipants were Asian, and 17.7% were multiracial.
More than 99.9% of the participants were nega-
tive for SARS-CoV-2 exposure or vaccination. At
baseline, 13.2% of the participants had a coexist-
ing medical condition.

At the first data cutoff date (June 30, 2021), a
total of 28,470 participants had received at least
one dose of vaccine or placebo, and 14,681 were
included in the modified full analysis set for ef-
ficacy (Fig. S1 and Tables S3 and S6). At the sec-
ond data cutoff date (December 15, 2021), a total
of 28,873 participants had received at least one
dose of ZF2001 or placebo and were included in
the safety analysis set. The modified full analy-
sis set for efficacy included 25,193 participants
(Fig. 1 and Table S7).

EFFICACY AFTER SHORT-TERM FOLLOW-UP

At the first data cutoff date, 663 Covid-19 cases
were confirmed on real-time PCR assay after the
first dose; 224 of these cases had an onset at
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Table 1. Demographic and Clinical Characteristics of the Participants at Baseline (Intention-to-Treat Population).*

ZF2001 Placebo All Participants
Characteristic (N=14,453)7 (N=14,451): (N=28,904)
Age —yr 37.0+13.1 36.7+13.1 36.8+13.1
Median (range) —yr 35.0 (18-92) 35.0 (17-88) 35.0 (17-92)

Distribution
18-59 yr — no. (%)

13,534 (93.6)

13,531 (93.6)

27,065 (93.6)

Mean —yr 35.0+11.0 34.7+10.9 34.8+10.9
Median (range) — yr 34.0 (18-59) 34.0 (17-59) 34.0 (17-59)
260 yr 919 (6.4) 920 (6.4) 1,839 (6.4)
Mean —yr 66.2+5.6 65.8+5.0 66.0+5.3
Median (range) — yr 65.0 (60-92) 65.0 (60-88) 65.0 (60-92)
Sex — no. (%)
Male 9,766 (67.6) 9,755 (67.5) 19,521 (67.5)
Female 4,687 (32.4) 4,696 (32.5) 9,383 (32.5)
Body-mass index{ 25.53+4.7 25.55+4.7 25.54+4.7
Race or ethnic group — no. (%)9
Ethnic Chinese 503 (3.5) 503 (3.5) 1,006 (3.5)
Asian but not ethnic Chinese 11,251 (77.8) 11,225 (77.7) 22,476 (77.7)
Black or African or Caribbean 5 (<0.1) 8 (<0.1) 13 (<0.1)
White 41 (0.3) 9 (0.4) 100 (0.3)
Multiracial 2,650 (18.3) 2,655 (18.4) 5,305 (18.4)
Other 3 (<0.1) 1(<0.1) 4 (<0.1)
SARS-CoV-2 status — no. (%)
Positive for IgG, IgM, or antigen or had posi- 3 (<0.1) 4 (<0.1) 7 (<0.1)
tive real-time PCR assay|
Negative for IgG, IgM, and antigen and had 14,437 (99.9) 14,429 (99.8) 28,866 (99.9)
negative real-time PCR assay
Data missing 13 (<0.1) 18 (0.1) 31(0.1)
Any coexisting medical condition — no. (%)** 1,904 (13.2) 1,925 (13.3) 3,829 (13.2)
Distribution according to age group
18-59 yr 1,601 (11.1) 1,617 (11.2) 3,218 (11.1)
260 yr 303 (2.1) 308 (2.1) 611 (2.1)

—_a

Plus—minus values are means +SD. PCR denotes polymerase chain reaction, and SARS-CoV-2 severe acute respiratory
syndrome coronavirus 2.

Among the participants who had been randomly assigned to receive ZF2001, placebo was incorrectly administered
to 8 at the first dose, 9 at the second dose, and 4 at the third dose. These participants were included in the protocol
violation report.

Among the participants who had been randomly assigned to receive placebo, ZF2001 was incorrectly administered
to 4 at the first dose, 3 at the second dose, and 3 at the third dose. These participants were included in the protocol
violation report.

The body-mass index is the weight in kilograms divided by the square of the height in meters.

Race or ethnic group was reported by the participants.

Seven participants who were positive for IgG or IgM antibodies or SARS-CoV-2 antigen or had a positive real-time
PCR assay at baseline were recruited by the site investigators in error. These participants were included in the proto-
col violation report.

% Coexisting medical conditions were diseases that had started before the first dose and ended after the first dose or

persisted during the trial. Coexisting conditions were classified according to the Medical Dictionary for Regulatory
Activities, version 24.0.
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49,758 Volunteers were
assessed for eligibility

20,854 Were excluded
4,294 Did not meet inclusion criteria
14,012 Met exclusion criteria
716 Withdrew consent
1,832 Had other reason

28,904 Underwent randomization

14,453 Were assigned
to ZF2001 group

14,451 Were assigned
to placebo group

13 Withdrew

14,448 Were included in the safety
analysis

13,924 Were included in the full
analysis set for efficacy (500
in China were not included)

14,440 Received dose 1

14,433 Received dose 1

—

13,393 Continued in the trial
1,047 Discontinued
17 Had serious adverse events
33 Had nonserious adverse

259 Had other reason

18 Withdrew

14,425 Were included in the safety
analysis

13,918 Were included in the full
analysis set for efficacy (500
in China were not included)

events ) ) events
365 Had protocol violation 13,694 Received dose 2 13,696 Received dose 2 727 Had protocol violation
354 Withdrew 349 Withdrew
19 Died 29 Died

13,182 Received dose 3

13,143 Received dose 3

557 Were excluded from the modified
full analysis set for efficacy
496 Were not included in efficacy
analysis because of zero—
Covid-19 strategy in China
31 Received another vaccine
3 Had protocol violation
27 Had confirmed Covid-19
between dose 1 and 7 days
after dose 3

12,980 Continued in the trial
1,453 Discontinued
23 Had serious adverse events
42 Had nonserious adverse

2 Were pregnant
281 Had other reason

12,625 Were included in the
modified full analysis set
for efficacy

12,568 Were included in the
modified full analysis set
for efficacy

575 Were excluded from the modified
full analysis set for efficacy
497 Were not included in efficacy
analysis because of zero—
Covid-19 strategy in China
30 Received another vaccine
2 Had protocol violation
46 Had confirmed Covid-19
between dose 1 and 7 days
after dose 3

Figure 1. Screening, Randomization, Follow-up, and Analyses Performed up to the Second Data Cutoff Date of December 15, 2021.

Eight participants who had been randomly assigned to receive placebo and instead received at least one dose of ZF2001 (protocol viola-
tion) were included in the ZF2001 group in the safety analysis. Covid-19 denotes coronavirus disease 2019.
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least 7 days after the third dose and were ana-
lyzed as primary end-point cases. The mean (+SD)
duration of follow-up, starting 7 days after the
third dose, was 50.4+37.1 days in the ZF2001
group and 50.6%37.1 days in the placebo group.
A total of 36 cases occurred among 7359 partici-
pants in the ZF2001 group, and 188 cases occurred
among 7322 participants in the placebo group.
These results yielded a vaccine efficacy of 81.4%
(95% confidence interval [CI], 73.3 to 87.3)
(Table 2).

The cumulative incidence of Covid-19 events
over time among the participants in the ZF2001
group and those in the placebo group diverged
immediately after the beginning of follow-up for
the primary end-point analysis, a result indicating
the start of protection (Fig. 2A). Among the par-
ticipants who received at least one dose of vaccine
or placebo in the full analysis set for efficacy, a
late onset of protection and low vaccine efficacy
were observed before the third dose (Fig. 2C and
Tables S10 and S11).

A total of 14 cases met the criteria for severe-
to-critical Covid-19 in the modified full analysis
set for efficacy. One case occurred in the ZF2001
group, and 13 occurred in the placebo group.
These results yielded a vaccine efficacy of 92.9%
(95% CI, 52.4 to 99.8). A total of five Covid-19—
related deaths occurred — all in the placebo
group (Table 2). Among the participants with
coexisting medical conditions that were risk fac-
tors for severe Covid-19, vaccine efficacy was 84.4%
(95% CI, 41.8 to 97.2). Among the participants 18
to 59 years of age, vaccine efficacy was 81.2%
(95% CI, 72.8 to 87.3), and among those 60 years
of age or older, vaccine efficacy was 87.6% (95% CI,
2.5 to 99.7). Two lots of ZF2001 vaccine were used
in this trial. Lot 1 was used in the Uzbekistan
cohort, and lot 2 was used in the other countries.
Both lots had an efficacy of more than 80%.

In a post hoc exploratory analysis of the pri-
mary end-point cases, 185 SARS-CoV-2—positive
swab samples yielded genotyping results, all of
which showed variants. The three major variants
were the delta (B.1.617.2, AY.4, AY.6, and AY.12)
variant of concern (130 cases), the alpha (B.1.1.7)
variant of concern (29 cases), and the kappa
(B.1.617.1) variant of interest plus the B.1.617.3
variant (15 cases). Vaccine efficacy was 81.4%
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(95% CI, 70.1 to 88.9) against the delta variant,
92.7% (95% CI, 70.9 to 99.2) against the alpha
variant, and 84.8% (95% CI, 32.9 to 98.3) against
the kappa variant plus the B.1.617.3 variant (Ta-
ble 2).

EFFICACY AFTER LONG-TERM FOLLOW-UP

At the second data cutoff date, 1255 Covid-19 cases
had been confirmed after the first dose. Among
these confirmed cases, 738 had an onset of at
least 7 days after the third dose and were evalu-
ated as primary end-point cases. The mean (£SD)
duration of follow-up, starting 7 days after the
third dose, was 178.6+£56.9 days in the ZF2001
group and 177.8+£56.4 days in the placebo group.
A total of 158 cases occurred among 12,625 par-
ticipants in the ZF2001 group, and 580 cases oc-
curred among 12,568 participants in the placebo
group. These results yielded a vaccine efficacy of
75.7% (95% CI, 71.0 to 79.8) (Table 2).

A time-to-event plot showed that the incidence
of Covid-19 in the ZF2001 group and in the pla-
cebo group diverged immediately after the begin-
ning of follow-up for the primary end-point
analysis, a result indicating the start of protection
(Fig. 2B). Among the participants who received
at least one dose in the full analysis set for ef-
ficacy, a late onset of protection and low efficacy
before the third dose were observed (Fig. 2D and
Tables S10 and S11).

Vaccine efficacy against severe-to-critical
Covid-19 was 87.6% (95% CI, 70.6 to 95.7), with
confirmed cases of Covid-19 occurring in 6 par-
ticipants in the ZF2001 group and in 43 partici-
pants in the placebo group. Vaccine efficacy
against Covid-19-related death was 86.5% (95% CI,
38.9 to 98.5), with death occurring in 2 partici-
pants in the ZF2001 group and in 12 participants
in the placebo group. Among the participants
with coexisting medical conditions that were
risk factors for severe Covid-19, vaccine efficacy
was 01.6% (95% CI, 29.5 to 79.9). Among young-
er participants (18 to 59 years of age), vaccine
efficacy was 76.0% (95% CI, 71.2 to 80.1), and
among older participants (260 years of age), vac-
cine efficacy was 67.6% (95% CI, 21.9 to 87.8).

In a post hoc exploratory analysis of the 738
primary end-point cases, 626 swab samples
yielded genotyping results, all of which showed
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Figure 2 (facing page). Kaplan—Meier Plots
of the Cumulative Incidence of Symptomatic
Covid-19 in the Trial Groups.

The cumulative incidence of symptomatic Covid-19,
as confirmed on real-time polymerase-chain-reaction
(PCR) assay, with an onset of at least 7 days after the
third dose of ZF2001 or placebo (the primary end
point) in the modified full analysis set for efficacy is
shown at the first data cutoff date of June 30, 2021
(Panel A) and at the second data cutoff date of Decem-
ber 15, 2021 (Panel B). The cumulative incidence of real-
time PCR—confirmed symptomatic Covid-19, with an
onset after the first dose of ZF2001 or placebo, in the
full analysis set for efficacy is shown at the first data
cutoff date of June 30, 2021 (Panel C) and at the sec-
ond data cutoff date of December 15, 2021 (Panel D).
In each panel, the inset shows the same data on an
enlarged y axis.

SARS-CoV-2 variants. The three major variants
were the delta (454 cases) and alpha (35 cases)
variants of concern and the kappa variant of in-
terest plus the B.1.617.3 variant (68 cases). Vaccine
efficacy was 76.1% (95% CI, 70.0 to 81.2) against
the delta variant, 88.3% (95% CI, 66.8 to 97.0)
against the alpha variant, and 75.2% (95% CI,
55.3 to 87.0) against the kappa variant (Table 2).

SAFETY

A total of 28,873 participants were included in
the safety analysis set (14,448 in the ZF2001
group and 14,425 in the placebo group); 8 par-
ticipants who had been randomly assigned to
receive placebo and instead received at least one
dose of ZF2001 (protocol violation) were includ-
ed in the ZF2001 group in the safety analysis. At
least one adverse event was reported by 11,957
(41.4%) participants — 6073 (42.0%) in the
ZF2001 group and 5884 (40.8%) in the placebo
group (Fig. 3A). Adverse events reported by 9588
participants (33.2%) were related to the investi-
gational products, as determined by the trial inves-
tigators; the incidence of these events was similar
in the trial groups (34.1% [4922 participants] in
the ZF2001 group and 32.4% [4666 participants]
in the placebo group). Within 7 days after each
dose, 4730 participants (32.7%) in the ZF2001
group and 4481 participants (31.1%) in the pla-
cebo group reported having solicited reactions.
Among the 4730 participants in the ZF2001
group, the incidence of local reactions was 18.8%,
and the incidence of systemic reactions was
25.1%. The incidence of unsolicited reactions

N ENGL ) MED 386;22

was low and similar in the two groups (5.5% in
the ZF2001 group and 5.3% in the placebo group).
In the ZF2001 group, the most common solicited
local and systemic reactions were injection-site
pain (in 17.3%) and headache (in 12.9%) (Fig. 3B).

The overall reactogenicity was consistent with
that reported in a phase 2 clinical trial of ZF2001.!?
In the current trial, 98.5% of the adverse reactions
in the ZF2001 group were of grade 1 and 2, ac-
cording to the criteria of the National Medical
Products Administration (Tables S17 through S20),
and 1.5% were of grade 3 or higher. The second
and third injections did not further increase the
incidence of adverse reactions (Table S21).

Serious adverse events were reported by 463
participants (1.6%) — 199 (1.4%) in the ZF2001
group and 264 (1.8%) in the placebo group (Table
$23). A total of 4 participants (2 ZF2001 recipients
and 2 placebo recipients) reported serious adverse
events that were determined by the trial investi-
gators to be related to the investigational prod-
ucts in terms of hypersensitivity. All symptoms
resolved after medical treatment without sequelae
(Table S24). A total of 48 deaths were document-
ed, but none were attributed to the investigational
products (Table S25). No cases of antibody-depen-
dent enhancement or vaccine-enhanced disease
were confirmed.

The incidence of adverse events was lower
among the participants 60 years of age or older
than among those 18 to 59 years of age (28.8% vs.
42.3%), as were the incidences of unsolicited
and solicited adverse events and local and sys-
temic reactions (Fig. 3A). Among the partici-
pants 60 years of age or older in the ZF2001
group, reactogenicity events were mainly grade
1 and 2 (96.7% of events), and no vaccine-related
serious adverse events occurred.

DISCUSSION

Whole inactivated virion, full-length spike, and
RBD are the three major targets used in the cur-
rently approved Covid-19 vaccines.? RBD is a fa-
vorable vaccine target because it focuses the
immune response on interference with receptor-
binding activities.> Many RBD-based Covid-19 vac-
cines are under development, with some having
been approved and some being evaluated in late
stages of clinical trials.>'®* Here, we report the
clinical efficacy of an RBD-based Covid-19 vaccine
and add a piece to the puzzle in understanding
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[ ZF2001 group

M Placebo group

A Adverse Events Overall and According to Age Group

Overall
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Total Adverse Events 40.8
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Systemic
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B Local and Systemic Adverse Reactions

Local
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Diarrhea
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Percentage of Participants

ZF2001 group for the safety analysis.

Figure 3. Adverse Events at the Second Data Cutoff Date of December 15, 2021.

Panel A shows the incidence of adverse events, both overall and according to age group, among the participants who received at least
one dose of ZF2001 or placebo. Panel B shows the overall incidence of local and systemic adverse reactions. A total of 28,873 partici-
pants were included in the safety analysis set (14,448 in the ZF2001 group and 14,425 in the placebo group); 8 participants who had

been randomly assigned to receive placebo and instead received at least one dose of ZF2001 (protocol violation) were included in the

one of the major viral targets used in Covid-19

vaccines.

This trial was designed as a case-driven study.
From the end of May to June 30, 2021, primary
end-point cases accrued rapidly and quickly ex-
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ceeded the case numbers required for both the
interim and final analyses. Therefore, we decid-
ed to conduct the final analysis directly without
interim evaluations and set the data cutoff date
at June 30, 2021, although approximately 40% of
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the participants had not yet completed the as-
signed three-dose regimen. After June 30, 2021,
these participants continued to complete the
assigned trial regimen, and they were followed
up for vaccine efficacy by the trial investigators
over time. When the mean duration of follow-
up for the primary end-point analysis reached 6
months, a second data cutoff date for an up-
dated analysis, December 15, 2021, was set. At
this date, most of the participants (87.3%) had
been included in the primary efficacy analysis.

The three-dose ZF2001 regimen had a vaccine
efficacy against Covid-19 of any severity of 81.4%
in the short-term follow-up and 75.7% in the
long-term follow-up. The waning of efficacy was
small (Table S12). With an efficacy of more than
75% and a lower boundary of the 95% confidence
interval of more than 30%, this vaccine met our
prespecified criteria for success and exceeded
the preferred criteria (270%) of WHO Target
Product Profiles for Covid-19 vaccines.*® Vaccine
efficacy against severe-to-critical disease was
92.9% in the short-term follow-up and 87.6% in
the long-term follow-up. Therefore, ZF2001 would
provide fundamental immunity to relieve the
pressure on health care facilities that could be
overwhelmed by patients with severe-to-critical
Covid-19.

Clinical efficacy of Covid-19 vaccines against
SARS-CoV-2 variants of concern is a global pri-
ority. Clinical efficacy against the alpha variant
of concern has been reported for two vaccines;
NVX-CoV2373 showed an efficacy of 93.6%° and
CVnCoV an efficacy of 55.1%.° Real-world inves-
tigations have shown that the efficacy of vac-
cines against the delta variant of concern is lower
than that against the alpha variant.3** Clinical
efficacy against the delta variant has been re-
ported for two vaccines (BBV152 and SCB-2019).>%
Our phase 3 trial was conducted when new
waves of infection became dominated by SARS-
CoV-2 variants. The alpha variant was prevalent
at the beginning of 2021 but was replaced by the
delta variant in the next few months. The high
cross-protection conferred by ZF2001 (an anti-
gen based on the Wuhan-Hu-1 sequence) against
different SARS-CoV-2 variants is encouraging.
The vaccine showed an efficacy against the alpha
variant of 92.7% in the short-term follow-up and
88.3% in the long-term follow-up; an efficacy
against the delta variant of 81.4% and 76.1%,
respectively; and an efficacy against the kappa

N ENGL ) MED 386;22

variant of interest of 84.8% and 75.2%, respec-
tively. The reduced efficacy against the delta vari-
ant and the kappa variant plus the B.1.617.3
variant from that against the alpha variant was
consistent with the trends shown in our previous
research involving the use of a pseudovirus neu-
tralization assay.”>*

This trial involving a large cohort of partici-
pants confirmed the acceptable safety and reac-
togenicity profile of ZF2001 that was shown in
our previous phase 1 and 2 trials in smaller co-
horts.”! The overall incidence of adverse events
was similar to that in our phase 2 trial but was
more balanced between the ZF2001 group and
the placebo group, presumably owing to the larger
population in the phase 3 trial. Adverse events of
grade 3 or higher in the ZF2001 group were un-
common in both trials, with an incidence of
2.7% in the phase 2 trial and 1.5% in the phase
3 trial, and serious adverse events that were de-
termined to be related to ZF2001 were rare, with
no events in the phase 2 trial and 2 events in the
phase 3 trial. In addition, older participants (>60
years of age) were included in this phase 3 trial,
and the incidence of adverse and reactogenicity
events among them was lower than that among
the younger participants (18 to 59 years of age).
These findings support the good safety profiles
of protein subunit vaccines that use an alumi-
num adjuvant, as has been reported for the li-
censed vaccines against hepatitis B and human
papillomavirus infections.>**

This trial has several limitations. First, most
of the participants were Asian (78.5%). We wel-
come further investigation in a more diverse co-
hort. Second, recruitment of participants 60 years
of age or older was lower than anticipated, and
the vaccine efficacies of 87.6% in the short-term
follow-up and 67.6% in the long-term follow-up
of the older participants were insufficient, given
the lower boundaries of the 95% confidence in-
tervals of less than 30% (2.5% and 21.9%, re-
spectively). Vaccine effectiveness in older popu-
lations should be further evaluated in real-world
settings. Third, this trial was not designed to
address the vaccine efficacy against asymptom-
atic infections. Given the possible importance of
asymptomatic infections with respect to virus
transmission, we welcome a new trial to test the
efficacy of ZF2001 against these infections. Fourth,
an imbalance of severe-to-critical Covid-19 cases
was observed in favor of the placebo group in
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the early dosing period (Fig. S3), particularly be-
tween dose 1 and 2, as indicated by negative vac-
cine efficacy (Table S11). This imbalance could
represent a risk of vaccine-enhanced disease or
may simply be a chance finding related to the lim-
ited sample size. The results of post hoc landmark
analyses did not support a significant incidence of
vaccine-enhanced disease in the early dosing pe-
riod (Fig. S4). However, postmarket surveillance
for imbalances in cases of severe Covid-19 needs
to be conducted thoroughly.

Overall, this trial provides clinical evidence
that an RBD-based vaccine is a promising alterna-
tive in the prevention of symptomatic Covid-19.
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