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1)  G7 Summit 2021, 100 Days mission to
respond to future pandemic threats.

https://assets.publishing.service.gov.u

k/government/uploads/system/upload
s/attachment_data/file/992762/100_D



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/992762/100_Days_Mission_to_respond_to_future_pandemic_threats__3_.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/992762/100_Days_Mission_to_respond_to_future_pandemic_threats__3_.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/992762/100_Days_Mission_to_respond_to_future_pandemic_threats__3_.pdf

2)

3)

4)

5)

6)

ays_Mission_to_respond_to_future_pa

ndemic_threats_ 3_.pdf (Accessed 23,
May 2022).
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MEHERI 1 SARS-CoV-2 OFAER L —THHM DREf%
Vaccine Efficacy (VE) %

VE =100 x (1 -1IRR)
LEFEIN B, IRR IT infection rate ratio (JEYLK L) % incidence rate ratio (FEA43K L)
DOUET, 77 FREETD SARS-CoV-2 DFALFK % IRy, 7 7 F v#TD SARS-CoV-2
RERP IR T3 L,
IRR = IR,/ IRy
THb, 22T, VE=1-IRR & L, UTOLH%r#2 %,
6 = (1-VE)/(2-VE)
=(1-1+1IRR)/(2-1 + IRR)
= IRR/(1+IRR)
= (IR1/ IRp)/(1+(IRy/ IRy))

=IR1/<IRO+IR1)

2T, IR COBIEANEL Ty, SARS-CoV-2 DRER % E. 7 7 F vEECOHIE
NFE#R Ti. SARS-CoV-2 DFR4¥x EE LT 5L,

(EB/T)/(B/ To+ E/T)

& IR/(IR+HIR) ZHEETE 2, I HIC, B B3R YT Y Y ICiEn, BIEANENRFEL W
i AN

(E/T)/(B/ To+ E/T)
= E/(E+ E)

Ehed, 2oL E, pROTOEE (B+ B) 25200 % L. E2MED oAl ZIE A
275,
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RIARER 2 BNT162b2 ABRICH T 2 F—EOBREREZEHET 5200 R T 7 A

### On: March, 2022
### By: Kentaro Sakamaki
### For: M OBEHER OFE

### BB D SO ###

#VE: VE

#total.event.X: X [0 H D fi#HTIRF 1 COBIE A v ML

#erit. X: X [0l H O it sl CRABRIRIRIESMEN TV 2 LT 2 4 < v PO IR

### B THOERERZFIE T 2B #44
alpha <- function(VE,
total.event.1, total.event.2, total.event.3, total.event.4, total.event.5,

crit.1, crit.2, crit.3, crit.4, crit.5

N

TE <- list()
TE[[1]] <- total.event.1; TE[[2]] <- total.event.2; TE[[3]] <- total.event.3; TE[[4]] <-

total.event.4; TE[[5]] <- total.event.5;

CV <-list()
CVI[[1]] <- crit.1; CV[[2]] <- crit.2: CV[[3]] <- crit.3; CV[[4]] <- crit.4; CV[[5]] <- crit.5;

#2IENATDINT X — &
theta = (1-VE)/(2-VE)

BEAVE— VTR IN ARV ML

N <- list()

N[[1]] <- TE[[1]];

for (iin 1:4) N[[(i+1)]] <- TE[[G+1)]] - TE[[i]];

#HEHNER 2R3 572D ) A b
P <-list()
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#1 [8] H D fiht ©4E U 3 5B o @R R
pb <- NULL;
for (event.groupl in 0:CV[[1]]) {
pb <- c(pb, choose(N[[1]], event.groupl)*(theta**event.groupl)*((1-theta)**(TE[[1]]-
event.groupl)))
}
P[[1]] <- pb

#2 |8 H DA D gt C A4 U % 55— 1 0 i AR HE R
for (iin 1:4){
pb <- NULL;
for (event.groupl.1 in ((CV[[i]]+1):CV[[G+1)]])) {
for (event.groupl.2 in 0:(CV[[(i+1)]] - event.group1.1)) {
pb  <-  c(pb, choose(TE[[i]], event.groupl.l)*(theta**event.groupl.1)*((1-
theta)**(TE[[i]]-event.group1.1)) *
choose(N[[(Gi+1)]], event.groupl.2)*(theta**event.group1.2)*((1-
theta)**(N[[(i+1)]]-event.group1.2)))
}
}
P[[G+D]] <- pb
}
print(c(sum(P[[1]]), sum(P[[2]]), sum(P[[3]]), sum(P[[4]]), sum(P[[5]])))
}

#55 — Tl D RTE
sum(alpha(0.3, 32, 62, 92, 120, 164, 6, 15, 25, 35, 53))
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(#"F 1% primary data collection ¥ 7z ¥ 7 — & R — R E# % FIH L 7= LBHBEHTE)

BNT162b2 (A3F7185E®)

C1: BISARSEHRERARER (C4591005) EPIARME - BINER
160 {9"] (ZKﬁlJ 112041, IStk 40 60) FE 1/2 HH, ToERERE, BEAL, BIRESRKREER] (C4591005 iER) Z=RISARSTEERARERICEIDE
BRI Do
C2 EmxsRisseE 2/3 HEER  (C4591015) BIMNARR [IFLF]
S| ERRHRESE 2/3 #H, TS URHE, BEAL, BREaRNER. TR 24-34 BICAREZETSARZERE LK 4000 A(GE 2 4#8/8— ~MEHI 350
. J-RMP Q/F%’Wf?{/\— 3K 3,650 H)D 18 R EDREFRMEHRICHITDEERN, BEE, SEREEEIHIT D, HEREEARBIEZQATSEAREHC 1:1 T
BIERICEIT,
C3: ig458 2/3 HH5EER (C4591001) MBI ARRIRE - BINER
AEIHEREE : 21,999 fI, TSR | ABIEEE AR ERRELMNRCEFEEICET BBEHREST COVID-19 OFRAE(CDVWTENMFAEZL, SARS-CoV-
2 R (ICHRHRNBHTASB KU SARS-CoV-2 HFFIFAMRAITER (CERM T D, #HERE(C COVID-19 ZSIERNEIRLIZHE, COVID-19 RIESLUE
DEDEIEHAICKR T D.
E Review C3: C4591001 ABRMAE: - BINER
A | Memorandum : ERRRE © 5
C2: C4591015 BIaR [1EhE]
C3: C4591001 AR - BINER
C4: BNT162-01 Cohort 13 Immunogenicity of COVID-19 ###:
mRNA vaccine in immunocompromised subjects, including assessment of antibody responses and cellmediated responses
C5: C4591018 Phase II study of BNT162b2 in adults receiving immunomodulators for rheumatoid arthritis (RA)  ##t
C6: Safety and immunogenicity  in high risk adults: Phase II study in high risk adults Planned $f#%
C7: Co-administration study with seasonal influenza vaccine Planned #Ti
C8: C4591014 Non-interventional, testnegative design study to evaluate the effectiveness of Pfizer-BioNTech COVID-19 vaccine
E (BNT162b2) against acute respiratory illness due to SARS-CoV-2 infection among individuals more than equol 16 years of age in a realworld
M| EU-RMP setting (Kaiser Permanente Southern California health system)  $i# (DAY —BEFBFTA MRHFT 1 IFHAL> : WRIK— =82
A B)
C9: WI235284 low-interventional, test-negative design study to evaluate the effectiveness of Pfizer-BioNTech COVID-19 vaccine
(BNT162b2) against acute respiratory illness due to SARS-CoV-2 infection among individualsmore than equol 18 years of age in a real-world
setting (Atlanta, Georgia, USA). (Casecontrol nested in prospective Research Collaboration ¥i# (FREREE : FAMRHTAIFTHF1> 5t
HIAR—b=ARR)
C10:WI255886 A non-interventional, test negative design study to evaluate the effectiveness of Pfizer-BioNTech COVID-19 vaccine
(BNT162b2) against acute respiratory illness due to SARS-CoV-2 infection among individuals .18 years of age in a real world setting. Non-
Interventional (Case control nested in prospective Research Collaboration) Planned UK~ $#i#l (FRARRHTAIFHALY : WRIAK—b=A
B)
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M1:EEHRFeREEARIER (TAK-919-1501 ) EAAERRE - BINER
FERFTAGEELURE (G, BARARRIAZHRECTET STIHIREE 172 ABERARHER T RIS ARSTRERRER (CY) DB X MEEE I D,

1 EANEE 3 AEEERREEER (MRNA-1273-P301) iBAMARRMEE:
?éTJEHHF'EF.l BUSARFAGREVUSH~2022 & 10 A FTEREREEN - £9 30,000 4 FEFMHIER : B ARED 2 OBiEE 14 3

i LS (SR U= #IED COVID-19 DFH5(CHi 3 3 AR DA Vaccine Efficacy : VE) uéli

M

M2 : Continuing Blinded, Placebo-Controlled Follow-Up (Study mRNA-1273-P301? &BRfkEE

M3: Real World Effectiveness Study:

This study is a prospective cohort study to be conducted at Kaiser Permanente
Southern California to evaluate vaccine effectiveness in preventing the following
F1 Review outcomes; laboratory confirmed and clinical COVID-19 infection, hospitalization, and mortality for COVID-19. (hAH¥—:5F

Momorandum | ARRHT A THEAR)  #is

M2: mRNA-1273- P301 US &Rk

M3:mRNA-1273- P901 : Real-world study to evaluate mRNA-1273 effectiveness and long-term effectiveness in the U.S.
Study Status: Planned ¥FDEARIHAZE

M4: 20-0003 US Phase I, Open-Label, Dose-Ranging Study of the Safety and Immunogenicity of 2019-nCoV Vaccine
(mRNA-1273) in Healthy Adults (DMID Protocol No. 20-0003 [NCT04283461]) jalk&tkix

M| EU-RMP M5: mRNA-1273- P201 US Phase 2a, Randomized, Observer-Blind, Placebo-Controlled, Dose-Confirmation Study to
A Evaluate the Safety, Reactogenicity, and Immunogenicity of mRNA-1273 SARS-CoV-2 Vaccine in Adults more than equol 18
Years (MRNA-1273-P201) jaBRfkEE

M6: Safety and immunogenicity in immunocompro mised adults : Safety, Reactogenicity,and Immu nogenicity of
MRNA-1273 SARSCoV-2 Vaccine in Adult &BRHkE:
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ChAdOXI-S (NFZETUFHEHE®)
A1: D8111C00002 Hisfrsoikharcaliy EIPUGERME - BHER

A2: COV001 B4156 I/11 AHEHER  iBSHEERT
REDORFERAEREZNRETDIAOTTTILABIE (COVID-19) (CXIDABIDOEME. Z2MURURERGZ I D5 1/11
HHEHERO BHEHIEL: 1,077 6

A3: COV002 B5ME II/III HERER i#BHhiaBRch
JO0FDAILARREAE (COVID-19) OFRFDOEME. ZEMERURERIEZTMY S5 11/111 H8:X8R0 BRESIE: %9 12,390 41

A4:COV003 556 III 1HiER  MBohakith

i J-RMP AEIDOTRMY., BURURERGZMI SBERL. LRE, 25 [ 80 BEEFIE: #9 10,300 41
A5: COV005 B4 I/11 18:ER  iBohaiRt )
7 7UAD HIV [ U TVRWRABBREZ MR (CARDLZ 2, BIMERURRREMEZHI L. HIV BREAEZXRICEEERU R
BRI ZFHE I DBIERIL. TSERMER. 777+ T8 /1L ABRERD BEAEfIE: #9 2,070 4l
A6:D8110C00001 45 111 185, @Ihatks
O RRABEREZ IR E LT COVID-19 FRACHITIAR DT RN, BMERURZEREZHE T 2BEAL. —E5H&. TSRy
BB, ZHEsRHRSE 111 AB5HERC BERIEL: %9 30,000 1
A2: COV001 B4akkrh
A3: COV002 ,§91~ Gkt
A4: COV003 ,§9|~ AR
A5: COV005 B4akksh
A6:D8110C00001 iB5iakkth
E A7: D8111R00005(EU/UK) e D8110R00003(US): Post-authorisation/ Postmarketing retrospective cohort study to
M| EU-RMP evaluate the effectiveness of the AZD1222 vaccine to prevent serious COVID19 infection in conditions of usual care through
A public-private partnership with COVIDRIVE utilizing primary data collected prospectively through the COVIDRIVE platform.

(FARRBFTATFTHL)

A8:COV004 A Phase IB/II SingleBlinded, Randomised, Controlled Study to Determine Safety, Immunogenicity and Efficacy
of the Candidate Coronavirus Disease (COVID-19) Vaccine ChAdOx1 nCoV-19 in Adults in Kenya

A8: D8111C00002: A Phase I/II Randomized,Double-blind, Placebocontrolled Multicentre Study in Participants Aged

18 Years or Older to Determine the Safety and Immunogenicity of AZD1222, a Nonreplicating ChAdOx1 Vector Vaccine, for
the Prevention of COVID-19
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Review
Memorandum

WB4470 (Johnson & Johnson/ Janssen)
J1: Continuing Blinded, Placebo-Controlled Follow-up j&B&###E

J2: Active surveillance study of effectiveness: retrospective, observational propensity-scored matched cohort study using
health insurance claims and electronic health records to estimate the effectiveness of Ad26.COV2.S to prevent medically
attended COVID-19 in individuals vaccinated according to national immunization recommendations (EHR &Lt ) iR

EU-RMP

J1: VAC31518C0OV3001 -randomized, double-blind, placebo-controlled Phase 3 study to assess the efficacy and safety of
Ad26.COV2.S for the prevention of SARS-CoV-2-mediated COVID-19 in adults aged 18 years and older. &BRikER

J2: VAC31518C0V4002 US - Post-authorization, observational study to assess the effectiveness of Ad26.COV2.S using
health insurance claims and/or electronic health record (EHR) database(s) in the United States. (EHR &Lt medical
attend 79I MHA)

J3: VAC31518C0OV4004 - EU_Post-authorization, observational, prospective study to assess the effectiveness of
Ad26.COV2.S in Europe. (ARFZIBMAL : FAMRBFT4ITFTHAL>/—X> bO—-)V)

J4: VAC31518C0OV3009 -randomized, double-blind, placebo-controlled Phase 3 study to assess the efficacy and safety of
Ad26.COV2.S for the prevention of SARS-CoV-2-mediated COVID-19 in adults aged 18 years and older. bk

J5: VAC31518C0OV2001 -randomized, double-blind, placebo-controlled Phase 2a study to evaluate a range of dose levels
and vaccination intervals of Ad26.COV2.S in healthy adults aged 18 to 55 years inclusive and adults aged 65 years and older
and to evaluate 2 dose levels of Ad26.COV2.S in healthy adolescents aged 12 to 17 years inclusive. &ERH
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Appendix 3
Grant-in aid for Health, Labour and Welfare Administration Promotion Survey Project
(Special Research Project for Health, Labour Sciences)

Research Reports

A Biostatistical Perspective to Accelerate the Planning of Clinical Trials in Vaccine

Development

Principal Investigator: Yukari Uemura
Affiliation: Biostatistics Section, Department of Data Science, Center for Clinical Science,

National Center for Global Health and Medicine, Tokyo, Japan

Study Abstract:

Efforts from various perspectives are required to accelerate the planning of clinical trials and
development strategies for vaccine development. In this study, we assessed the current status of
vaccine development in Japan and identified issues to be addressed through an investigation and
summarization of review reports on approved vaccines. We also conducted a questionnaire survey
regarding the Pharmaceuticals and Medical Devices Agency’s system for providing clinical trial
consultation and other services to companies that are developing vaccines. In addition, we identified
highly probable infectious disease scenarios that require rapid vaccine development and
representative candidate clinical trial designs for these scenarios. Further, we examined clinical trial
designs and analysis methods that may contribute to efficient efficacy evaluation and rapid decision-
making from a biostatistical perspective and reviewed points to be considered. Based on an analysis
of clinical trial designs used for approved vaccines, we found that, although there are signs of change
in the vaccine development landscape in Japan, domestic-origin vaccine development companies
currently have no experience in conducting large-scale clinical trials that evaluate clinical outcomes
such as the prevention of disease onset, nor experience in conducting multi-regional clinical trials
and trials in other countries. In order to enable domestic companies to develop new vaccines under
urgent conditions, it is essential to improve the clinical trial environment by establishing a clinical
trial system and conducting clinical trials that evaluate clinical events as endpoints and multi-
regional clinical trials, as well as trials that enable combined analyses under normal circumstances.

Further, in developing new vaccines under urgent situation, it is clearly important to design and



plan clinical trials rapidly and conduct trials using designs that efficiently generate evidence.
Complex clinical trial designs, such as those using Bayesian approach, adaptive designs, and master
protocols, are useful methods for rapid efficacy evaluation. For designing a clinical trial that
incorporates these features, we recommend preparing not only the operating characteristics from a
biostatistical viewpoint, but also a system to enable such a trial to be conducted. Furthermore, it is
expected that the development and approval of vaccines in Japan will be accelerated by establishing
a platform for generating scientific evidence that includes the construction of a database

infrastructure for post-approval vaccine evaluation in Japan.



Investigators (in order) and their affiliations

Yasuhiro Araki

Director of the Office of Vaccines, Pharmaceuticals, and Medical Devices Agency
Yuki Ando

Senior Scientist for Biostatistics, Office of New Drug I, Pharmaceuticals and Medical Devices
Agency
Chieko Ishiguro

Section head of Clinical Epidemiology Research, Department of Data Science, Clinical Center
of Science, National Center for Global Medicine
Kentaro Sakamaki

Associate Professor, Graduate School of Data Science, Yokohama City University
Shibata Taro

Director, Biostatistics Department, National Cancer Research Center Research Support Center
Akihiro Hirakawa

Professor, Department of Clinical Statistics, Tokyo Medical and Dental University Graduate
School

Research collaborators (in order) and their affiliations

Yasuko Asahina

Deputy Review Director of the Vaccine Evaluation Department of the Pharmaceuticals and
Medical Devices Agency

Junichi Asano

Principal reviewer for biostatistics of the Office of New Drug IV, Pharmaceuticals and Medical
Devices Agency

Ryosuke Kato

Biostatistics reviewer of the Office of New Drug V of the Pharmaceuticals and Medical Devices

Agency

Hirosaki Sato

Assistant Professor, Clinical Statistics Department, Center for Clinical Trial
Management/Graduate School of General Dentistry, Graduate School of Medicine and
Dentistry

Shimizu Yousuke

Senior Investigator, Section of Biostatistics, Department of Data Science, Clinical Center of
Science, National Center for Global Medicine

Mimura Wataru

Senior Investigator, Clinical Epidemiology Research, Department of Data Science, Clinical



Center of Science, National Center for Global Medicine



A. Research objective

The coronavirus disease 2019 (COVID-19)
pandemic has had a significant impact from
various perspectives worldwide since the first
patient was reported at the end of 2019. In
Europe and the United States, developing new
vaccines against novel coronaviruses has been
moving at a breakneck pace. Several vaccines
are currently in practical use within one year of
development. The Japanese government has also
called for rapid vaccine development, actively
supporting the development of domestic new
coronavirus vaccines by investing heavily? in
policy packages included in the "Strategy for
Strengthening Vaccine Development and
Production Systems"?, which the Cabinet
approved on June 1, 20213, This effort was also
reflected in the supplementary budget of 2020.
However, despite the spending of these budgets,
no domestic vaccines were made available for
practical use in Japan as of the end of March
2022. This fact highlights the existence of
various issues in the vaccine development
system in Japan. Some of these challenges
include the lack of a system for designing and
trials

planning clinical under unexpected,

rapidly changing circumstances, and the
necessity to consider planning and designing
clinical trials when developing a new vaccine in
the presence of an already established vaccine.
The sponsor company conducts the designing
and planning of clinical trials for vaccine
development, as with other pharmaceutical
products. However, unlike therapeutic drugs,
clinical trials for new vaccines are conducted

rather infrequently. Although there have been

cases of investigator-initiated clinical trials for
the development of vaccines against novel
influenza viruses, there is no framework for the
accumulation of sufficient expertise in the
design of clinical trials under academic
initiatives. In addition, in situations requiring the
rapid development of vaccines against emerging
infectious diseases, the clinical trial design must
be planned without sufficient basic, clinical, and
epidemiological knowledge of infectious
diseases. Even under such uncertainties, it is
necessary to efficiently generate evidence based
on data and appropriately evaluate the efficacy
of vaccines with transparency. Clinical trial
designs that incorporate biostatistical methods
which have recently drawn attention, are
considered to be useful in such situations.

While careful consideration is required in
designing clinical trials, it is not feasible to do so
rapidly during an emergent situation. Therefore,
it is important to consider in advance, as much
as possible, clinical trial designs and plans for
possible scenarios, summarize the points to be
considered and evaluate the operating
characteristics of typical clinical trial designs. In
addition, it would be valuable to review large-
scale clinical trial designs conducted in other
countries from a biostatistical perspective to aid
in the rapid planning of clinical trials in the
future.

Based on the above information, this research
group, in collaboration with government and
academia, aimed to examine the following: 1)
review and summarize cases of newly approved
vaccine development in Japan and contents of

the application data packages; 2) a questionnaire



survey of companies with experience in vaccine
approval review; 3) possible scenarios expected
to require rapid vaccine development in the
future; 4) possible clinical trial designs for
highly expected scenarios that require rapid
vaccine development; 5) features and
considerations from a biostatistical perspective
that should be taken into account in vaccine
development; and 6) operating characteristics of
the representative scenarios. Further, regarding
biostatistical considerations in particular, we
aimed to address the following points: 7) the
possibility of utilizing Bayesian approach; 8)
efficacy evaluation using
and 9)

clinical trials utilizing a master protocol format.

pharmacoepidemiologic  methods;

B. Methods

B-1. Summarization of development cases of
approved vaccines (Shared Research 1:
Yasuhiro Araki, Co-investigator)

We collected the review reports for vaccines
that were newly approved (defined as new
active ingredient-containing drugs in the
“Application for Product Approval”
[Notification No. 1121-2] of the
Pharmaceutical and Food Safety Bureau,
November 21, 2014) and published on the
package insert information service web page,

https://www.pmda.go.jp/PmdaSearch/iyakuSear

ch/. In total, there were 39 newly approved
vaccines from April 1, 2004, when the
Pharmaceuticals and Medical Devices Agency
(PMDA) was established, to March 31, 2022
(including five vaccines sharing clinical trials

with other drugs for reasons such as a single

product with multiple names). In total, 63
studies were selected for review, and the
following data were collected and summarized
for each clinical trial: control drugs used, types
of control drugs (placebo [adjuvant-only,
saline, etc.]), primary and secondary endpoints,
and the number of participants in the test group.
In addition, the use of characterized designs
and analyses (Bayesian approach, combined
analysis, cluster randomized clinical trials) was

summarized.

B-2. Questionnaire survey of companies with
vaccine approval review (Shared
Research 2: Taro Shibata, Co-
investigator )

We identified companies with experience in
the approval review of vaccines based on the
above-mentioned review of application data
packages and requested their cooperation in the
survey as candidates. We then conducted a
questionnaire survey on issues in the designing
and planning of clinical trials related to their
current systems and experience (number of in-
house biostatisticians, number of past clinical
trial plans, types of clinical trial designs that
have been employed, etc.), and issues related to
system development to be addressed in the
future (requirements for more effective clinical
trial consultation with the PMDA, company
views regarding matters requiring preparation

by industry, government, and academia, etc.).

B-3. Scenario construction
With consideration for clinical trial designs,

scenarios assumed to have a high potential for


https://www.pmda.go.jp/PmdaSearch/iyakuSearch/
https://www.pmda.go.jp/PmdaSearch/iyakuSearch/

vaccine development were identified by
interviews with infectious disease specialists.
The interviews included discussion on the
infectious diseases assumed to have high
pandemic potential, the magnitude of public
health impact in terms of infectiousness and
virulence, and the endpoints that should be

evaluated in vaccine efficacy.

B-4. Considerations for candidate clinical
trial designs

Based on the clinical trial designs of existing
vaccines identified in B-1 and the infectious
disease scenarios with high development
potential identified in B-3, we examined
important considerations for the clinical trial
design of confirmatory studies (pivotal studies),
which are central in evaluating efficacy and
safety in vaccine development. Since
approaches regarding the definition of the
control group, number of cases, and primary
endpoints are expected to differ between the
initial and subsequent vaccine development, we
examined these issues for each stage of vaccine

development.

B-5. Factors to be considered and possible
trial designs in the development of
vaccines for emerging infectious
diseases (Shared Research 3: Yuki
Ando, Co-investigator)

Based on public information for approved
vaccines in Japan; international regulations;
recommendations by various entities, including
Japan and the World Health Organization
(WHO); and the content of discussions at

relevant international workshops regarding
vaccine development since the outbreak of new
coronavirus infectious diseases, we reviewed
the factors to be considered, as well as possible
clinical trial designs, in the development of

vaccines against emerging infectious diseases.

B-6. Operating characteristics and
performance evaluation under assumed
scenarios (Shared Research 3: Yuki
Ando, Co-investigator)

The operating characteristics and performance
of trial designs identified in B-4 and B-5 were
evaluated for scenarios assumed to have the
highest priority. Assuming that the spread of
infectious disease would require early decisions
regarding the efficacy and vaccine approval, the
operating characteristics (such as the target
number of cases, alpha error, and power) were

evaluated in a simulation study.

B-7. Consideration of the potential use of
Bayesian approach (Shared Research 4:
Kentaro Sakamaki, Co-investigator)

We reviewed and summarized the protocols of
clinical trials using the Bayesian approach for a
novel coronavirus vaccine already in practical
use. In addition, we examined whether clinical
trial designs using Bayesian approach could be

utilized in vaccine development in Japan.

B-8. Efficacy evaluation using
pharmacoepidemiologic methods
(Shared Research 5: Chieko Ishiguro,
Co-investigator)

We collected and summarized information on



surveys and studies on efficacy evaluation that
were planned by each vaccine manufacturer for
vaccines against COVID-19 used in Japan, the
United States, and Europe that received special
approval or were approved for emergency use.
We also conducted a document review of
various guidelines and previous studies on the
efficacy evaluation of post-approval vaccines.
In addition, possible patterns of post-marketing
surveillance, etc. that could be selected
according to the development scenario and
clinical trial design to accelerate vaccine

development were discussed.

B-9. Feasibility of master protocol clinical
trials (Shared Research 6: Akihiro
Hirakawa, Co-investigator)

A master protocol clinical trial is a clinical
trial in which multiple drugs or diseases are
evaluated using a single comprehensive
protocol. We reviewed the draft guidance on
master protocols for drug development for
cancer treatment published by the United States
Food and Drug Administration (FDA) in
September 2018. We summarized design
considerations for master protocol trials for
vaccine development in Japan based on

examples of master protocol trials.

(Ethical considerations)
No ethical considerations were required because
this study was an investigation of previously

published review reports.

C. Results

C-1. Summarization of development cases of

approved vaccines (Abstract of Reports
for Shared Research 1)

The active ingredient of 14 of 39 (35.9%)
evaluated vaccines were developed by a
domestic company (domestic-origin vaccines),
and no domestic-origin vaccines have been
approved since 2016.

In the 59 clinical trial designs evaluating the
efficacy of the above vaccines, the mean and
median number of participants were 7480.3 and
423, respectively (first quartile: 216; third
quartile: 4277.5). However, no clinical trial for
a domestic-origin vaccine had more than 1000
participants. Among 18 of the 20 trials with
more than 1000 participants, a clinical endpoint
(clinical event) was used as the primary
endpoint. On the other hand, 37 of 39 trials
with fewer than 1000 participants used an
immunological surrogate marker as the primary
endpoint. No clinical trials using a clinical
endpoint as the primary efficacy endpoint have
been conducted in the development of
domestic-origin vaccines.

In addition, the efficacy of three vaccines was
evaluated in multi-regional clinical trials, with
participants enrolled from Japan; all of these
trials were for foreign-origin vaccines. No
clinical trials for a domestic-origin vaccine have
been conducted in foreign countries or as multi-
regional clinical trials for efficacy evaluation.

One example of a distinctive trial design was
the C4591001 Study of the Comirnaty
intramuscular injection, BNT162b2, in which a
Bayesian approach was used in the statistical
methods. Adaptive design trials were conducted

to evaluate the efficacy of the following agents,



which allowed for pre-planned modifications
based on factors such as the number of
participants enrolled or dose selection:
Comirnaty intramuscular injection (Study
C4591001), Silgard 9 aqueous suspension for
Intramuscular Injection Syringes (Study 001),
and RotaTeq oral solution (Study 006). In
addition, some trials employed a cluster-
randomized, double-blind design and trials

utilizing a combined analysis.

C-2. Questionnaire survey of companies with
vaccine approval review (Abstract of
Reports for Shared Research 2)

The questionnaire (including questions on
eligibility for the survey and other detailed
questions) was sent via e-mail to 22 companies
in March 2022. We received replies from 17
(77%) companies. Of these, 12 met the survey
criteria of "having experience in obtaining

regulatory approval for vaccines in the past and

having a clinical development department." The

results were summarized for 10 companies,
after excluding two companies that could not
answer the detailed questions.

The questions were categorized as follows: A)
matters related to the organization; B) matters
related to the content of clinical trial
consultation; and C) matters related to
measures to be taken in an emergency. One of
the 10 companies responded only to item C.

The survey results indicated that most
companies have more than one biostatistician
within the company. No major problems were
identified with the current PMDA system. In

addition, respondents were asked to provide
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their suggestions for changes to the current
industry-government-academia structure and
system to design clinical trials and formulate
development strategies more rapidly “in
response to an emergency situation” (here,
vaccines requiring urgent development were
assumed, although it is difficult to assume this
in advance). In particular, in the case of an
urgent situation, it was assumed that
environmental factors might also influence the
speed of the clinical trial design and
development strategy planning. Some
respondents pointed out the need for closer
collaboration between the PMDA, Ministry of
Health, Labour, and Welfare (MHLW), and
related departments within the MHLW.

C-3. Scenario construction

We interviewed the following four infectious
disease specialists regarding the types of
infectious diseases that are assumed to have a
high potential for vaccine development.

- Dr. Mugen Ujiie, Director of Vaccination
Support Center, Disease Control and Prevention
Center, National Center for Global Health and
Medicine (2021/8/30)

- Dr. Tomoya Saito, Director of the Center for
Emergency Preparedness and Response,
National Institute of Infectious Diseases
(2021/9/03)

- Dr. Takao Omagari, Director of the Center
for Global Infectious Diseases, National Center
for Global Health and Medicine (2021/9/03)

- Professor Hitoshi Oshitani, Professor,
Graduate School of Medicine Medical Sciences

Pathology ~ Virology, Tohoku  University



(2021/9/07)

The most likely outbreak of an emerging
infectious disease critical to public health risk
management would be a viral respiratory
infection of a type that spreads easily from
human to human, and thus has a high probability
and priority for vaccine development.
Specifically, new infectious diseases caused by
coronaviruses and influenza viruses were
considered likely. The emergence of new
coronavirus infections began with Severe Acute
Respiratory Syndrome (SARS) in 2002,
followed by (Middle East Respiratory Syndrome
(MERS) and COVID-19, and the emergence of
new viruses with human-to-human transmission
cannot be ruled out due to mutations of naturally
occurring coronaviruses in the future. In
addition, HIN1 pandemic occurred in 2009
under the assumption that influenza A viruses
can produce new influenza viruses that may
transmit efficiently from human to human
through antigenic discontinuous mutations
(antigenic shift). Fortunately, the virulence was
low in the 2009 pandemic, although, it is not
unlikely that the next outbreak of a new
influenza virus could be efficiently transmitted
from human to human with higher virulence. It
is also possible that some viruses, including the
H5 subtype, may acquire the ability to be
transmitted from human to human. Although
these outbreaks can be categorized as infectious
diseases caused by pathogens closely related to
past outbreaks, the possibility that known
coronaviruses such as SARS and MERS may
cause an outbreak above a certain level in Japan

cannot be ruled out.

Known infectious diseases such as yellow
fever, dengue fever, and viral hemorrhagic fever,
mainly transmitted by contact or mosquito
vectors, may also cause a certain level of
epidemic in Japan and abroad. Although these
diseases are unlikely to become pandemics and
are more likely to be localized epidemics, the
possibility that highly lethal infectious diseases
currently without efficient human-to-human
transmission may become more infectious in the
future through mutation cannot be denied.
Although the probability of development is
assumed to be higher for the above-mentioned
these diseases

viral respiratory infections,

should be

consideration in clinical trial design. Enterovirus

included in the scenarios for
infections should also be considered because of
their potential to cause serious infections.

As mentioned above, although viral
respiratory infections are considered a high
priority scenario for clinical trial design, it is
extremely difficult to predict which infections
will be prevalent in the future. There is low
predictability regarding the intensity of
infectiousness and lethality of infections with

mutated pathogens.

C-4. Considerations as candidates for clinical
trial designs

Candidate trial designs were examined with
consideration of the results reported in C-1 and
C-3. Trial designs were highly influenced by
whether a vaccine was developed in the
absence of other vaccines approved in Japan
(initial vaccine development) or in the presence

of an already approved vaccine (subsequent



vaccine development).

1) Trial designs for initial vaccine development
A placebo-controlled randomized trial with
clinical events as the primary endpoint was
considered scientifically appropriate as a
confirmative study of the efficacy and safety of
vaccines for the prevention of infectious
diseases. In particular, regarding viral
respiratory infections (an infectious disease
type with a high probability of development), it
was considered appropriate to evaluate the
prevention of disease onset as the primary
endpoint, with safety, immunogenicity, severe
disease, and death as secondary endpoints.
However, if it was clear at the development
stage that mortality was high and no therapeutic
agents existed, severe disease or death may be
defined as the primary endpoint®.

As noted above, in principle, the clinical trial
design for a pivotal trial for developing an
initial vaccine would be appropriate to set
clinical events such as incidence as the primary
endpoint, and the number of required
participants is likely to be large. For instance,
we may assume a randomized controlled trial
of a novel coronavirus infection scenario, with
an allocation ratio of 1:1 between the vaccine
and placebo groups, incidence rate of 1% at 6
months for the placebo group and expected VE
of 60%. Based on the above assumption, the
required sample size would be 19,350 to
confirm the lower limit of the 95% confidence
interval for VE, based on the hazard ratio,
exceeds 30%.

In urgent vaccine development situations,

where information on the actual infectiousness

and incidence of an infectious disease is
limited, a relatively large-scale clinical trial
may be planned as described above. Therefore,
it would be useful to use an adaptive design,
allowing for decision-making such as
efficacy/non-efficacy discontinuation based on
efficacy evaluation during the trial.
Furthermore, as various factors can affect the
clinical trial plan, such as changes in the
infection rate due to infectious disease
countermeasures and mutant strains, or the
impact of temporal changes in the infection
environment due to an increase in vaccines in
development, the possibility of early
discontinuation of the trial not pre-planned may
be required according to the infection situation
based on public health needs. In this report, we
summarized the points that should be assumed
and considered in advance when planning a
clinical trial for vaccine development, including
such factors that may occur during the study, as
well as possible design techniques and points to
consider when utilizing those in the clinical
trial plan. In addition, regarding a placebo-
controlled randomized clinical trial with
prevention of disease onset as the primary
endpoint, which is a representative trial design,
we conducted simulation experiments to
evaluate the performance of the trial, including
the timing and uncertainty of the results if the
trial was discontinued early.

A Bayesian approach is one of the techniques
that can be particularly valuable in such
scenarios. During the initial stages of vaccine
development, it is likely that clinical trials will

need to be designed with limited basic, clinical,



and epidemiological knowledge and in the face
of uncertainties regarding infectivity, lethality,
and the vaccine's mechanism of action.
Additionally, as previously mentioned, various
factors may affect the trial design, and the trial
may be terminated prematurely without prior
specification. Bayesian approach is effective in
quantifying such uncertainties and is also useful
in efficiently evaluating efficacy. In fact, the
Bayesian approach was used in the Comirnaty
intramuscular injection trial (Study C4591001);
the use and potential benefits of Bayesian
approach in vaccine development have been
summarized in Shared Report 4 (by Dr.
Sakamaki). As noted above, in principle, for
initial vaccine development, we consider the
evaluation of efficacy and safety by a placebo-
controlled randomized controlled trial with a
clinical outcome as the primary endpoint to be
scientifically valid; however, a cluster
randomized double-blind trial design may also
be an option.

A rare example of a surrogate marker based
on immunogenicity as a primary endpoint is the
confirmative study of Chikungunya (mosquito-
borne infection) conducted in the United States
in July 2020. The main reasons for setting the
prevalence of antibody as the primary endpoint
were that outbreaks had already occurred in
neighboring countries, although the number of
cases in United States was very limited, and
immunogenicity had been confirmed as a
surrogate for the pathogenesis in the phase 1
study and other studies. In general, studies with
immunogenicity-based surrogate markers as

primary endpoints are likely to be small in size;

however, this study included 4131 patients,
which is more than the minimum of 3000
patients as the target population for safety
evaluation recommended in the WHO
guidelines on the clinical evaluation of

vaccines>).

2) Clinical trial designs for subsequent vaccine
development

In situations where initial vaccination with a
validated efficacy in preventing the onset of
disease is in place, it would be impractical to
conduct a placebo-controlled randomized trial.
Instead, conducting a randomized controlled
trial using a previously approved primary
vaccine with confirmed efficacy as a control
may be recommended. Although clinical events
such as the prevention of disease onset are
desirable as primary endpoints from the
viewpoint of scientific evaluation, it has been
reported that conducting a controlled clinical
trial to verify non-inferiority in efficacy for the
prevention of disease onset would require 2 to 3
times more patient-years than that required for
a placebo-controlled trial in initial vaccine
development®, thus raising issues in terms of
feasibility.

On the other hand, when scientific
knowledge of the mechanism of action is
available and an immunogenicity-based
surrogate marker that correlates with efficacy
against a clinical event exists, a randomized
active vaccine-controlled trial with appropriate
immunogenicity as the primary endpoint may
be an option. In fact, the International

Collaboration of Medicinal Regulatory



Agencies ICMRA)® and the PMDA Vaccine
and Other Products Review Division” have
proposed the use of immunogenicity-based
primary endpoints for efficacy evaluation of
newly developed vaccines when clinical
endpoints are no longer feasible in vaccine
development against COVID-19.

When conducting a randomized, active drug-
controlled trial with an immunogenicity-based
surrogate marker as the primary endpoint,
deciding whether to conduct a superiority or
non-inferiority trial should consider the
magnitude of the effect obtained by the control
drug and the degree of correlation between the
surrogate marker and the clinical event. In
addition, if a non-inferiority trial is conducted,
an appropriate margin of non-inferiority should
be established. Furthermore, even when
immunogenicity is set as the primary endpoint,
we consider it necessary to appropriately
evaluate important clinical events, such as the
prevention of disease onset, severe disease, and
death. In other words, a possible scheme would
be to submit a regulatory application based on
data from pivotal studies with immunogenicity
as the primary endpoint and then evaluate
clinical events through post-marketing
surveillance and other means. Results regarding
the possible utilization of post-marketing
surveillance in Japan are summarized in Shared
Report 5 (by Dr. Ishiguro).

Furthermore, when multiple candidate vaccines
are expected, conducting individual clinical
trials for each vaccine is an inefficient strategy,
from the viewpoint of the utilization of

resources such as clinical trial participants and

sites. Recently, platform clinical trials using a
master protocol to enable more efficient and
rapid development have been conducted,
mainly in the field of therapeutic drug
development for COVID-19%. Furthermore, in
May 2021, guidance on master protocols for
drug development to treat or prevent COVID-
19 was published”. Potential utilization of a
master protocol format for clinical trials in
vaccine development is summarized in Shared

Report 6 (by Dr. Hirakawa).

C-5. Factors to be considered and possible
trial designs in the development of
vaccines for emerging infectious
diseases (Abstract of Reports for Shared
Research 3-1)

The following four points should be
considered in the design of clinical trials and
possible study designs for urgent vaccine
development against emerging infectious
disease outbreaks: (1) the amount of
information on the infectious disease; (2)
changes in the infectious disease due to
infectious disease control measures and mutant
strains; (3) increases in immunization rates of
already approved vaccines; and (4) increases in
the number of vaccines developed concurrently.
1. The amount of information on the infectious
disease.

In the period between the outbreak of an
emerging infectious disease and the beginning
of an epidemic, when information on the actual
infectiousness and incidence of infectious
diseases is scarce, a relatively large-scale study

may be planned. Therefore, adaptive designs,



including a sequential group design (interim
analysis), could be utilized for decision-
making, such as effective/ineffective
discontinuation based on efficacy evaluation
during study implementation. Furthermore, in
situations where the amount of information on
both infectious diseases and vaccines is limited,
multiple doses may be studied in multiple small
trials, multiple administration targets (cohorts)
may be studied, or studies may be conducted in
specific regions. In such cases, an evaluation of
the effect on the prevention of disease onset,
which typically requires a large number of
participants, could be conducted in a pre-
planned integrated analysis using a design in
which individual trials have specific objectives
and a certain degree of similarity.
2. Changes in the infection rate due to
infectious disease control measures and mutant
strains

The incidence of clinical events, which is
typically considered the primary endpoint in
vaccine development trials, especially in the
early stages of an infectious disease epidemic,
may change due to the decreases in infection
and incidence rates resulting from the
promotion of infectious disease control
measures or the prevalence of mutant strains
with different infectious potential. To
accommodate such changes, the number of
participants may be modified based on the
accumulation of information on the incidence
rate in a blinded manner. Accordingly, it is
useful to plan in advance for possible design
modification, including determining whether or

not the modification is necessary, especially in
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pivotal trials. In addition, the possibility that
the trial be terminated early for public health
reasons not specified in advance cannot be
ruled out. Therefore, it would be useful to
confirm the performance evaluation regarding
the timing and uncertainty of the results by
simulation tests in such cases.
3. Increases in the immunization rates of
previously approved vaccines
If development is initiated early in an

infectious disease outbreak and vaccination
proceeds with an approved vaccine with
verified efficacy in preventing the disease onset
(initial vaccine development), it becomes
difficult to conduct placebo-controlled clinical
trials to confirm the efficacy and safety of
subsequent vaccines from the viewpoint of
feasibility and other factors. In such cases, a
non-inferiority study may be planned using the
approved vaccine in the control group, with a
clinically appropriate non-inferiority margin.
As the primary endpoint, an immunogenicity
index could be set as a surrogate measure of
efficacy in the prevention of disease onset
based on the contents of C-4.
4. Increases in the number of vaccines
developed

In situations in which multiple vaccines have
been developed simultaneously in a relatively
short period, multiple test vaccines may be
evaluated under one common clinical trial
protocol (master protocol) using a common
platform in order to evaluate their efficacy
more efficiently (platform study)'?. This may
be particularly useful in cases where evaluation

is conducted using an approved vaccine as a



common control vaccine. However, vaccines
developed by multiple companies evaluated in
platform studies require large-scale, long-term
platform management. Developing a study
implementation system is important to ensure
that the clinical trials are simultaneously
appropriately managed through the platform.

Further, efficacy evaluation through large-
scale global clinical trials also has an important
place in applications for approval. In addition,
in vaccine development under many
uncertainties, Bayesian statistical approaches
may be used as the main analysis in pivotal
trials, in place of the statistical hypothesis
testing that has been commonly used in the
past. Therefore, prior consultation with

regulatory authorities is recommended.

C-6. Operating characteristics and
performance evaluation under assumed
scenarios (Abstract of Reports for
Shared Research 3-2)

In a randomized controlled trial of a novel
coronavirus infection scenario with an
allocation ratio of 1:1 between vaccine and
placebo groups, assuming an incidence rate of
1% at 6 months for the placebo group and an
expected vaccine efficacy (VE) of 60%, we
confirmed that the lower limit of the 95%
confidence interval for VE based on the hazard
ratio exceeded 30%!'". Assuming an enrollment
period of 3 months and a maximum observation
period of 6 months for each participant, 19350
participants would be required to evaluate
efficacy at 9 months from the start of the study.

The requirement exceeded 10000 for most

combinations'?.

When interim analyses for early
discontinuation due to efficacy were conducted
at 50% and 75% of the total number of events,
the time period from study start to analysis was
reduced to 5 and 6 months, respectively.
However, the power at each time point was
20% and 60%. The O'Brien-Fleming type o-
spending function, based on the Lan-DeMets
method, was used for multiplicity adjustment in
the interim analysis. When early termination for
public health reasons was conducted at 40%,
60%, and 80% of the total number of events
without multiplicity adjustment, the time
required for analysis was reduced to 4, 5, and 6
months from the study start, respectively. The
power at each time point was 46%, 65%, and
76%, respectively.

In addition, for clinical trial designs that can
obtain a conclusion within a short period from
the start of the study (3 months in accordance
with the100 Days mission proposed at the
Carbis Bay G7 Summit'?, we used MERS as
an example scenario with a relatively high

mortality rate.

C-7. Considerations in the potential use of
Bayesian methods (Abstract of Reports
for Shared Research 4)

VE is one of the indicators used to evaluate
the efficacy of a vaccine, which is defined as
100 x (1 - IRR), where IRR represents the
infection rate ratio or incidence rate ratio. In the
C4591001 Study of Comirnaty intramuscular
injection, BNT162b2, VE was set as the

primary endpoint, and the vaccine was



considered effective when the VE was 30% or
greater.

Using Bayesian approach, it is possible to
express uncertainty of the VE (posterior
distribution of parameters) by using a type of
confidence level assumed in advance for the
VE (prior distribution of parameters), along
with actually observed data. From the prior
distribution and observed data, inferences such
as the following can be made: "the likelihood
(probability) that the VE is greater than 30% is
99%." Assuming little prior confidence in the
VE in the C4591001 Study (pre-distribution),
the likelihood of an observed VE exceeding
30% was calculated to be greater than 99.99%,
indicating that BNT162b2 is effective.

These criteria could also be used in interim
analyses. At each analysis time point, the VE is
evaluated based on the confidence level of the
VE. For example, the C4591001 study pre-
specified that the vaccine would be considered
effective if the probability of the VE exceeding
30% was greater than 99.50% at the four
interim analyses and greater than 98.60% at the
final analysis, and the study would be stopped
(terminated) due to efficacy. The design of the
C4591001 Study assumed a beta-binomial
distribution (thus, the probability of a Type 1
error was explicitly calculable); using the above
criteria, the probability of a Type 1 error was

less than 2.5%.

C-8. Efficacy evaluation using
pharmacoepidemiologic methods
(Abstract of Reports for Shared
Research 5)

Based on the information at the time of
special approval or emergency use approval for
COVID-19 vaccines in Japan, the United
States, and Europe, we found that only two
bureaus outside Japan (the FDA and European
Medicines Agency) imposed observational
studies (both primary data collection and
secondary data utilization) with comparisons
for the purpose of efficacy evaluation.

Additionally, we summarized potential
patterns in post-marketing surveillance, etc. in
Japan according to two scenarios: (1) an initial
vaccine is approved based on data from a
randomized placebo-controlled trial with the
prevention of disease onset as the primary
endpoint; and (2) a subsequent vaccine is
approved based on a randomized active drug-
controlled trial with surrogate markers as the
primary endpoint. As a result, the following
five patterns were identified in terms of either
starting a new trial or continuing a clinical
trial/study design: (1) continuation of clinical
trials/continuation of enrollment in randomized
controlled trials, or continuation of clinical
trials/follow-up of randomized controlled trials
only (completion of enrollment); (2)
continuation of clinical trials/single group (+
external control) studies; (3) newly
started/randomized controlled trials; (4) newly
started/comparative observational studies using
primary data collection (test, negative case-
control); and (5) newly started/comparative
observational studies using a database (cohort
design, test, negative case-control). We
summarized the design, GSPS framework,

possible efficacy endpoints, and



correspondence with the development scenario

for each pattern.

C-9. Feasibility of master protocol clinical
trials (Abstract of Reports for Shared
Research 6)

In cases where there are many drugs to be

developed in Japan, conducting multiple

simultaneous individual clinical trials would
consume resources, such as clinical trial
participants and sites. Therefore, the
implementation of a master protocol clinical
trial to screen multiple drugs and identify
promising drugs, while simultaneously
evaluating the evidence for efficacy and safety
of such drugs, can increase the overall speed
and efficiency of vaccine development.

Clinical trials using master protocols have

several features and considerations for the

design and statistical analysis. The main
features in terms of the study design are the
randomization method and sharing of control

groups. As an example of the former feature, a

master protocol trial may involve a two-stage

randomization procedure since it evaluates
multiple drugs (e.g. the first stage involves the
assignment of the drug, and the second stage
involves the assignment of the concerned drug
and a placebo). Regarding the latter feature, to
efficiently evaluate the drugs, the number of
participants in the control group can be
minimized by sharing the participants who
receive the control drug; this simultaneously
reduces the overall sample size for vaccine
development. However, there are

considerations in terms of safety, bias, etc. for

both features. For example, with regard to the
latter feature, if there is a change in the
infection rate due to infection control measures
or mutant strains, etc., there is a possibility of
bias in the evaluation of vaccine effectiveness
when using a single control group at different
time points. Therefore, it is necessary to
determine whether it is possible to use data
from the control group over time, and if so, to
what extent data over time can be used in the
primary analysis of efficacy.

In platform studies using master protocol trials,
complex adaptations are possible, such as those
assessing the futility of VE during the trial and
optimizing resources to other promising agents,
sample size re-estimation under blinded review,
or incorporating a Bayesian approach.
However, such designs require careful
consideration because of the increased
complexity of the statistical analysis and
interpretation of the results. In addition, if an
adaptive design such as the one described
above is used, its statistical performance should
be evaluated through large-scale simulation
experiments. Therefore, a prototype of the
simulation program should be constructed in
advance.

Although the time and resources required for
preplanning master protocol clinical trials
substantially exceed those required for
conventional protocols, as described above,
master protocols are still a useful approach in
situations where rapid vaccine development is

required because of a pandemic.

D. Discussion



Efforts from various perspectives are needed
to expedite clinical trial planning and
development strategy formulation for vaccine
development. In this study, the actual status of
vaccine development was ascertained and
issues to be addressed in the future were
summarized through a survey on the PMDA's
system for providing clinical trial consultations
and other services to companies that develop
vaccines and a review of reports on existing
vaccines approved in Japan. In addition, we
reviewed candidate representative clinical trial
designs for infectious disease scenarios with a
high probability of requiring urgent vaccine
development. Further, we discussed clinical
trial designs and analytic methods that may
contribute to efficient efficacy evaluation and
rapid decision-making from a biostatistical
perspective and summarized the points to be
considered.
(1) Current status of the clinical

development of vaccines in Japan

An analysis of 59 clinical trial designs for
efficacy evaluation of 39 vaccines approved
since the establishment of the PMDA revealed
that there have been no large-scale clinical
trials, multi-regional clinical trials, or foreign
clinical trials using efficacy endpoints based on
clinical outcomes as primary endpoints
conducted by domestic-origin vaccine
companies. Several policy proposals related to
vaccine development have been published,
including the "Vaccine Industry Vision" in
2007, and the "Strategy for Strengthening

Vaccine Development and Production Systems"

approved by the Cabinet on June 1, 2021,
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which have also raised new concerns. However,
it has become clear that difficulties in
conducting Phase III trials and the lack of
results in international development remain
even after 14 years of effort. Currently, clinical
trials are gradually beginning to evaluate
efficacy based on clinical events. However, for
domestic companies to efficiently develop
vaccines against new diseases, it is necessary to
conduct pivotal clinical trials and establish a
system with clinical endpoints as the primary
endpoints.

A characteristic difference between vaccine
and drug development is the number of
products under international co-development.
While the number of multi-regional clinical
trials for pharmaceutical development with
participation by Japan has been increasing in
recent years (440 of 780 clinical trial plan
notifications submitted to the PMDA in
FY2021), Japan has participated in only 3 of 59
cases of multi-regional clinical trials for
vaccine development. In emergencies, it is
crucial to develop vaccines through
international joint development. When
conducting large-scale clinical trials with
clinical events as the primary endpoint in Japan
alone is challenging, Japanese developers may
propose multi-regional clinical trials or trials
that can be analyzed by combined analysis.
Moreover, it is necessary to conduct such trials
under normal circumstances to gain experience
and establish a robust clinical trial
environment, including development system for
clinical trials.

In addition, we conducted a questionnaire



survey of 10 companies that develop vaccines
to determine whether there are any issues with
the company's system or the PMDA's system
for providing clinical trial consultations and
other services to speed the planning of clinical
trials and development of strategies for vaccine
development. No major problems with the
current PMDA system were identified. On the
other hand, some respondents pointed out the
need for closer collaboration among PMDA,
MHLW, and related departments within MHLW
regarding issues concerning the current
industry-government-academia structure and
system for the rapid design of clinical trials and
development strategies, especially in situations
where an emergency response is needed. This
may an issue to be considered in the future.
(2) Biostatistical Considerations in Clinical
Trial Designs for Vaccine Development

The most likely outbreak of an emerging
infectious disease critical to public health risk
management was considered a viral respiratory
infection of a type that spreads easily, and thus
has a high probability and priority for vaccine
development. Potential trial designs for
efficient efficacy evaluation and rapid decision-
making in both initial and subsequent vaccine
development were examined from a
biostatistical point of view.

During an outbreak and the early epidemic
period of emerging infectious diseases for
which initial vaccines are being developed,
there is insufficient information on the
infectivity, pathogenesis, degree of severity,
and mortality of the infectious disease. Efficacy

and safety evaluation through placebo-
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controlled randomized trials with efficacy
endpoints based on clinical outcomes as the
primary endpoints is required. In such cases,
the number of participants required to ensure a
statistical number of events is expected to be
large, compelling the implementation of a
relatively large-scale clinical trial. Therefore,
we considered the use of an adaptive design,
which involves design changes based on
preplanned decisions, such as
effective/ineffective discontinuation based on
efficacy evaluation during the study and re-
estimation of the sample size. In addition, as
conducting a large-scale clinical trial in Japan
alone may be difficult, conducting a multi-
regional clinical trial or a clinical trial that
enables combined analysis may be necessary, as
described in (1) above.

Furthermore, unlike other common diseases,
the development of vaccines for emerging
infectious diseases may be affected by changes
in the infection rate due to infectious disease
countermeasures, mutant strains, and increases
in the number of vaccines developed, all of
which may affect the clinical trial plan assumed
at the time of planning. In this study, simulation
study was performed, with interim analyses
based on a specified protocol and early
termination of the trial that were not pre-
specified for public health reasons. It is
important to consider potential changes in the
clinical trial plan as far in advance as possible
and to evaluate the impact of such changes
through the simulation studies.

Vaccine development for emerging infectious

disease outbreaks involves various



uncertainties, and we examined the possibility
of using Bayesian approach under such
circumstances. We examined the points to be
considered and the usefulness of these approach
through examples of their application in foreign
studies. Bayesian approach can
probabilistically express the confidence
(uncertainty) of the results and clarify the
criteria for decision-making in vaccine
development for emerging infectious diseases.
However, when using Bayesian approach, it is
important to evaluate the appropriateness of the
prior information used and the operating
characteristics of the analysis. Accordingly, we
recommend consultation with regulatory
authorities concerning its use. Moreover, since
applied clinical trial designs useful for
emerging infectious diseases (as mentioned
above) are more likely to include an increased
probability of Type 1 errors and bias due to
multiplicity compared to that for general
designs, it is important to specify details of the
analysis methods, changes, and descriptions in
advance, in the clinical trial protocol, after
appropriate simulations are conducted.

In subsequent vaccine development, it is
recommended to conduct a randomized, active
vaccine-controlled trial with a defined
immunogenicity-based surrogate marker. In
such cases, a scheme could be considered
where data from pivotal studies with
immunogenicity as the primary endpoint are
used for regulatory approval, and clinical
events are evaluated through post-marketing
surveillance. We have examined the possibility

of selecting each of the five possible patterns of
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clinical trial design and post-marketing
surveillance in Japan. In terms of post-
marketing surveillance, research using a
database infrastructure was considered useful.
Specifically, a database infrastructure that
comprehensively includes both pre- and post-
marketing data could lead to the rapid
development of new vaccines, as it would be
possible to construct a framework to integrate
and evaluate both pre- and post-marketing data
from the development stage. In addition to
biostatistics specialists, it would be important
to include pharmacoepidemiology specialists to
(1) establish a framework and system to
examine post-marketing data collection
systems; (2) examine the composition of
application data packages and packages that
include post-application data; and (3) establish
evidence-building methods using information
from clinical trials and observational studies,
which are the elements of such data packages.
However, no such database infrastructure is
currently available for vaccine evaluation in
Japan. Numerous studies evaluating the
efficacy of COVID-19 vaccines have been
conducted abroad using cohort and test-
negative designs utilizing large-scale databases
as real-world evidence. Through these studies,
it has become clear that large-scale databases
play a very valuable role in the generation of
post-marketing evidence. Since database
infrastructure for vaccine evaluation is lacking
in Japan, post-marketing evidence generation
cannot be conducted rapidly. Therefore, it is
urgently necessary to establish a system for

generating scientific evidence that includes the



construction of database infrastructure for post-
approval vaccine evaluation in Japan.
Furthermore, in situations in which multiple
vaccines are developed simultaneously, a
master protocol platform-based clinical trial
would be useful. While scientific rigor may be
sacrificed in favor of speed during a pandemic,
master protocol trials are a powerful means of
achieving balance between speed, efficiency,
and rigor, quickly producing clinically
meaningful and definitive results. On the other
hand, platform clinical trials are, in some cases,
large-scale and long-term, and it is essential to
establish a system for conducting such trials in
which experts in several important fields
collaborate organically, and manage the
platform appropriately. In the event of a
pandemic, partnerships for domestic vaccine
development led primarily by government
agencies are desirable. Such partnerships may
include not only regulatory authorities,
pharmaceutical companies, and academia, but
also clinical trial sites, contract research
organizations (CROs), and other stakeholders
responsible for patient registration, logistics,
and clinical trial data management (including
CDISC). Establishing a clinical trial network,
unifying all facilities capable of conducting
trials in the absence of an active pandemic, is a
recommended measure for the government and
the infectious disease community. This
approach ensures proactive "clinical trial
preparation" during normal conditions, thus
enabling rapid and efficient clinical trial

implementation in the event of a pandemic.
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E. Conclusion

Efforts from various perspectives are needed
to accelerate clinical trial planning and
development strategy formulation for vaccine
development. In this study, the actual status of
vaccine development was identified, and future
issues were summarized through a survey and
summarization of review reports on existing
vaccines approved in Japan and through a
written questionnaire survey on the PMDA's
system for providing clinical trial consultation
and other services to companies that develop
vaccines. In addition, we reviewed
representative candidate clinical trial designs for
infectious disease scenarios that have a high
probability of requiring urgent vaccine
development. We examined clinical trial designs
and analysis methods that may contribute to
efficient efficacy evaluation and rapid decision-
making from a biostatistical perspective, and
summarized points to be considered. Although
there are signs of change in the status of vaccine
development in Japan, companies developing
domestic-origin vaccines lack experience in
conducting large-scale, multi-regional, and
foreign clinical trials with clinical events, such
as the prevention of disease onset, as the
primary endpoint. In order to rapidly develop
new vaccines, clinical trials that evaluate
clinical events, as well as multi-regional clinical
trials and clinical trials that enable combined
analysis, are necessary. Further, the
establishment of a clinical trial environment,
including the development of a clinical trial
system, is needed.

Moreover, to develop new vaccines in



emergency situations, the ability to rapidly
design and plan clinical trials using designs that 1)
efficiently generate evidence are important.
Applied clinical trial designs such as Bayesian
approach, adaptive designs, and master
protocols are valuable methods for rapid

efficacy evaluation. Accordingly, we
recommend preparing for such clinical trials
under normal conditions. This would include the
development of a system to enable such trials, as
well as determining the operating characteristics 2)
from a biostatistical perspective for

incorporating such methods. Furthermore, the
development and approval of vaccines in Japan
are expected to be accelerated by establishing a

system that can generate scientific evidence,
including the development of database 3)
infrastructure for post-approval vaccine
evaluation.
This study provides the knowledge that may

be widely shared in advance when designing

and planning clinical trials for vaccines in

general, including the development of vaccines

for emerging infectious diseases that may occur

in the future, during consultations with 4)
companies, academia, and PMDA for planning

the trial. We also hope that this study

contributes to the planning the clinical trial.

F. Research presentation
Not applicable
5)
G. Status of the acquisition of intellectual
property rights
Not applicable
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Abstract:

Thirty-nine vaccines have been approved since the inception of PMDA until March 31, 2022,
while 59 studies have been evaluated in review reports to determine their efficacy. The number of
approved vaccines in Japan increased due to policy recommendations and interest in infectious
diseases after the Japanese government issued the "Vaccine Industry Vision" in 2007.
Nevertheless, it fell when vaccine safety concerns became a social issue, and no vaccine of
domestic origin has been approved since 2016.

An analysis of the indications and clinical trial designs of vaccine products approved in Japan
revealed that domestic-origin vaccine development companies had not made sufficient progress
against new diseases. Moreover, it became apparent that companies developing vaccines of
domestic origin have no experience in conducting large-scale clinical trials evaluating the
efficacy outcomes based on the clinical endpoint, nor experience conducting multi-regional
clinical trials, nor studies in other countries.

In contrast, there are signs of change in the vaccine development landscape in Japan currently.
There is a gradual shift from catching up to closing the vaccine gap to participating in multi-regional
clinical trials conducted by global pharmaceutical companies for simultancous worldwide
development and clinical trials to evaluate efficacy based on clinical evaluation endpoints.

According to the WHO Guidance on Clinical Evaluation of Vaccines, vaccine efficacy is
generally evaluated based on the clinical event onset of infectious diseases after vaccination. Thus,
conducting clinical trials evaluating efficacy based on clinical endpoints is considered essential in

the future for developing vaccines against new diseases, particularly for domestic companies.
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Owing to the circumstances in the clinical trial environment in Japan, which may be challenging to
conduct such trials, intervention by the government may be a viable option in establishing an

international platform for multi-regional clinical trials and combined analyses.
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A. Objective

The coronavirus infectious disease pandemic
has had a significant impact from various
perspectives worldwide. The development of
new vaccines in various countries has been
moving at a breakneck pace due to the
magnitude of the impact of the infection, with
the enormous resources of industry, government,
and academia.

The Japanese government also called for
rapid vaccine development. It actively
supported the development of domestic new
coronavirus vaccines by investing heavily®? in
policy packages included in the "Strategy for
Strengthening  Vaccine Development and
Production Systems" 2, which the Cabinet
approved on June 1, 20219, This was captured
the of 2020.

Simultaneously, despite such research and

in supplementary  budget
development budgets being spent, no domestic
vaccines were made available for practical use
in Japan as of the end of March 2022. This fact
highlighted the existence of various issues in the
development system for vaccines in Japan,

One of the challenges in vaccine development
in Japan is the lack of a system to design clinical
trials and plan them under unexpected
circumstances rapidly.

Therefore, by summarizing and analyzing the
information on the development of approved
vaccines to date, this study aimed to clarify
issues and points to consider when developing
vaccines for new diseases, including vaccines
used during pandemics.

We specifically collected information on how

the efficacy of commercialized vaccines was
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evaluated during the approval review in Japan.
This is based on the information on the
package insert information service web page
(https://www.pmda.go.jp/PmdaSearch/iyakuS
earch/) of the Pharmaceuticals and Medical
Devices Agency (PMDA). In addition, we
summarized and analyzed the clinical trial
planning and design, information used for
efficacy evaluation, development period,
differences in development between domestic
and other countries, and approval background,
and discussed points to consider in developing

future vaccines for new diseases.

B. Methods

We collected the review reports for vaccines
that were newly approved (defined as new active
ingredient-containing drugs in the “Application
for Product Approval”
1121-2] of the Pharmaceutical and Food Safety

Bureau of November 21, 2014) and published

[Notification No.

on the package insert information service web

page,
https://www.pmda.go.jp/PmdaSearch/iyakuSear

ch/. In total, there were 39 newly approved
vaccines from April 1, 2004, when the PMDA
was established, to March 31, 2022 (including
five vaccines sharing clinical trials with other
drugs, for reasons such as a single product with
multiple names). We confirmed that the review
policies in the "Outline of Review" section of
the clinical data were checked in each review
report. In addition, we selected 63 studies used
in the efficacy evaluation review and then
extracted 59 studies excluding duplicates.

The following information was provided for


https://www.pmda.go.jp/PmdaSearch/iyakuSearch/
https://www.pmda.go.jp/PmdaSearch/iyakuSearch/

each vaccine product: brand name, ingredient

name, approval applicant, indication, and
classification of the review (eligibility for a
review for special approval or preferential
review, such as that for orphan drugs). Other
information provided includes the approval date,
whether the post-market efficacy assessment
(including immunogenicity assessment) was
requested in the approval condition or Risk
Management Plan (RMP), and the classification
of the origin of the development of the active
ingredient (herein, in which the domestic
company developed the active ingredient is
referred to as domestic origin vaccine, and the
foreign company developed the active
ingredient is referred to as foreign origin
vaccine). We also summarized the distinction
between companies with domestic- and foreign
investment that applied for approval.

The following data were collected and
summarized for a clinical trial: vaccines used in
the trial for approval, whether it was a
confirmatory clinical trial or not (such as an
exploratory trial), study designs, control drugs
used, and types of control drugs (placebo
[adjuvant-only, saline, etc.], drugs at various
doses, other vaccines [same efficacy or no
indication regarding the purpose]), number of
participants in the full analysis set, number of
participants in the test group, region of the
clinical trial (global multi-regional clinical trials
including Japan, domestic only, foreign only,
etc.), adaptive designs (including the plan to
change the number of participants enrolled or
dose selection of the active drug group during

the study that can be confirmed from the review
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report), the primary endpoint, secondary
endpoints described in the review report, and
study implementation period. In addition, the
use of characterized designs and analyses
(Bayesian statistical, combined analysis and
cluster randomized clinical trials) were
summarized. According to the Guidance on
Adaptive Design Clinical Trials for Drugs and
of the U.S. Food and Drug

Administration (FDA) ¥, adaptive design is

Biologics

defined as a clinical trial allowing prospectively

planned modification based on data
accumulated from clinical trial participants. Itis
a broad concept that includes discontinuing a
trial based on an interim analysis, among other
things. However, the adaptive elements in the
trial design are not always described in the
review reports. For example, suppose the
approval in Japan is obtained long after the trial
is completed. In that case, whether an interim
analysis was conducted is not always specified
in the review report. Therefore, we focused on
changes in the number of participants enrolled
or the dose selection in the active treatment
group, which are thought to have a significant
impact on the period of vaccine development
and would be explicitly described in the review
reports.

By cross tabulating the extracted data, we
attempted to characterize the size of clinical
trials conducted during vaccine approval in
Japan, trial design, and differences due to
domestic and foreign development.

Further, if efficacy or immunogenicity was
evaluated in an individual trial in the review

report for which the combined analysis results



were submitted as review documents, the results
were summarized for each trial. However, if
efficacy was evaluated only in the combined
analysis results, the combined analysis results

were treated as a single study.

(Ethical considerations)
No ethical considerations were required because
this study was an investigation of a previously

published review report.

C. Study conclusion
(1) Principal developers of vaccines in Japan

(Table 1, Figure 1)

Domestic companies released > 50% (21
products: 53.8%) of the vaccines into the market.
This indicates domestic companies are
developing many vaccines. However, when the
active ingredients of vaccines developed by
domestic and foreign companies were compared,
domestic vaccines accounted for 14 out of 39
products (35.9%). The proportion reversed
when foreign vaccines were excluded.

Following the announcement of the Vaccine
Industry Vision (2007), the emergence of the
A/HINI1 influenza pandemic (2009), and the
Middle East respiratory syndrome (MERS)
outbreak (2012), the number of approved
vaccines gradually increased during the period
following the launch of industry promotion
measures by the government and rising social
concern about the infectious disease crisis. It
peaked at six yearly in 2013. Nevertheless, the
number of approved vaccines

2013. An

gradually

decreased after active HPV

vaccination campaign was halted that year, and
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people expressed concerns about vaccine safety.
Furthermore, domestic vaccines have not been
approved since 2016. This was when the
“Vaccine and Blood Products Industry Task
Force” was formed in response to the issue of a
specific company illegally manufacturing blood
products, among other things. Moreover, when
the application for approval of a cell culture
seasonal influenza vaccine developed by a
domestic company was withdrawn in 2017, the
number of approved vaccines for domestic- and
foreign-origin vaccines fell to zero. Only one
foreign-origin vaccine was approved yearly
the COVID-19 epidemic in 2020,

following which approval was granted to several

until

new coronavirus vaccines in 2021.

(2) Overview of Clinical Trials Utilized for

Efficacy Evaluation
a) Size of the clinical trial and development

entities

(Figure 2, Figure 3, Table 2)

The average number of participants in the
vaccine efficacy trials was 7,480.3, with a
median of 423 (first quartile: 216; third quartile:
4277.5). The number of cases analyzed in 16 of
59 trials (22.0%) exceeded 3,000 participants,
which is the sample size for safety evaluation
exemplified in the WHO Guidance on Clinical
Evaluation of Vaccines®. The clinical study with
the most participants included in the analysis
was the 006 study of RotaTeq Oral Solution,
which had 67,935 participants. This number was
not used to assess efficacy; however, it was for
detecting patients with intussusception. In the

10PN-PD-DIT-043 study of Synflorix aqueous



suspension intramuscular injection, the largest
sample size analyzed for efficacy was 45,977.
A cross-tabulation of clinical trial size based
on vaccine development origin, domestic or
foreign, showed that no domestic-origin vaccine
clinical trial included more than 1,000 patients.
The KIBPCI-A-J302 study
develop Adsorbed Cell-Cultured Influenza
Vaccine  H5N1
“Kitasato Daiichi Sankyo,” of 60 pg/mL and 30

conducted to

Intramuscular  Injection,
pg/mL had the most patients included in the
analysis for domestic-origin vaccines, with 794

patients.

b) Study size and the primary endpoint
(Figures 4, Table3)

Except for the two studies with RotaTeq Oral
Solution for Japanese patients, immunological
endpoints were used as the primary efficacy
endpoints in the 39 clinical trials (66.1%) with
less than 1,000 patients for analysis. Twenty
trials (33.9%) with 1,000 or more participants
were analyzed, except for two trials, where a
clinical endpoint (clinical event) was used as the
primary efficacy endpoint, resulting in 18
studies (90.0%). The 810705 study for the
approval of cell culture influenza vaccine HSN1
"Takeda" and the same vaccines approved to
Baxter and Study Q-Pan-002 submitted for the
approval of Alepanrix (HIN1) intramuscular
injection were the two trials that were excluded.

No clinical trials using clinical endpoint as the
primary efficacy endpoint have been conducted
in developing domestic vaccines. Except for
small studies (less than 1,000 participants

analyzed) and influenza vaccines, the efficacy of
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foreign-origin vaccines was primarily assessed

using clinical endpoints.

¢) Implementation status of multi-regional
clinical trials
(Table 4)

Two vaccines (5.1%), Shingrix intramuscular
injection and Silgard 9 aqueous suspension for
Intramuscular Injection Syringes, which are
foreign-origin vaccines, were confirmed and
approved in multi-regional clinical trials with
participants ~ from  Japan, and  three
corresponding clinical trials (5.1%).

All the clinical trials for the domestic-origin
vaccine that were evaluated for efficacy were
conducted in Japan. No clinical trials were
conducted in foreign countries

or as

multi-regional clinical trials, including Japan.

d) Clinical trials with a distinctive design and
analysis
The (C4591001 study for Comirnaty
intramuscular injection was the only one in
which the primary endpoint was evaluated using
the Bayesian statistical test.
intramuscular

study), Silgard 9

Comirnaty

(C4591001

injection
aqueous
suspension for Intramuscular Injection Syringes
(Study 001), and RotaTeq oral solution (Study
006) were the agents that used adaptive design
studies defined in "B. Methods" for the efficacy
evaluation by PMDA. The specifics of the trial
plan that needed to be modified differed. For
example, in the case of Comirnaty intramuscular
injection, the dose was chosen when the trial

progressed from Phase I to Phase II/IIL. In



addition, the number of participants to be
included in the safety evaluation or the RotaTeq
oral solution was chosen.

A cluster-randomized, double-blind study
was used in the regulatory review of Synflorix
aqueous suspension intramuscular injection
(OOBPD-DIT-043 study). It was also used to
evaluate an Ebola vaccine (Merck's Ervebo,
approved in the U.S. and Europe) ©, though this
is not in the scope of this study.

Clinical trials for Vaxzevria intramuscular
injection (COV001, COV002, COV003, and
COVO005 studies) and Gardasil aqueous
suspension for intramuscular injection syringes
(007, 013, and 015 studies) were conducted
using the combined analysis. However, the
drugs were handled differently during the
review process. Vaxzevria intramuscular
injection, a novel coronavirus vaccine, was not
assessed separately for each study, but the
combined analysis was used to determine
efficacy in the special approval. The efficacy of
Gardasil was verified with the results of
individual studies in the review, and the
confirmation of the efficacy evaluation using the
combined addressed in a

analysis was

supplemental manner.

D. Discussion
(1) Current status of clinical development of
vaccines in Japan obtained from this study
The Japanese government issued the "Vaccine
Industry Vision”" in 2017. It stated that the
vaccine industry in Japan is dominated by small
and medium-sized enterprises (companies with

< 1,000 employees and business revenues of <
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10  billion yen), for Takeda

Pharmaceutical Co., Ltd. Furthermore, three of

except
the four influenza vaccine manufacturers,

accounting for most vaccine sales, were
foundations or incorporated associations at the
time. Therefore, it was noted that the scale of
R&D differs significantly from that of foreign
pharmaceutical companies involved in the
vaccine business, which increasingly became
consolidated worldwide. For example, the R&D
investment of the U.S. vaccine industry is more
than ten times that of Japanese vaccine
manufacturing companies.

“Vaccine Industry Vision" also pointed out
that no new vaccine has been approved since the
last hepatitis A vaccine was developed in the
1990s and that Japan lacks seeds for developing
new vaccines.

Further, other issues the vaccine industry
should address include maintaining the same
development capability level as general
therapeutic agents other than vaccines. This is
especially essential for development capability
that will enable quick response to future social
demands for vaccine efficacy and safety based
on international clinical development and

regulatory  standards and the clinical
development capability to conduct large-scale
clinical trials.

In addition, the "Report of the General
Conference on Countermeasures against HIN1
Influenza (A/HIN1), "® which summarizes the
countermeasures against the 2009 A/HINI1
influenza pandemic, recommends that vaccine
manufacturers are supported, and production
should be is

systems strengthened. This



necessary while encouraging the development
of cell culture and intranasal vaccines to ensure
citizens are vaccinated as quickly as possible
from a national security standpoint.

We reviewed the "Strategy for Strengthening
the Vaccine Development and Production
System" approved by the Cabinet on June 1,
2021, which was prepared after the outbreak of
the new coronavirus, to see how these policy
recommendations have shifted and how the
various points raised in previous policy
recommendations have been improved. The
document includes new elements not previously
included in vaccine-related policy documents,
such as venture support, vaccine development in
new modalities,

monitoring system

enhancement, a pharmaceutical approval
process to allow for emergency use, and
establishing a dual-use manufacturing system.
However, 14 years after the " Vaccine Industry
Vision, the reality that Phase III trials are
challenging to conduct and a lack of
international development experience remain
unresolved. "

According to the review of vaccine approvals
in this study, the development of domestic
vaccines that were newly approved after the
establishment of the PMDA was limited to the
development of a combination of existing
vaccines or modification of culture technology.
This includes the 2005 rubella-measles vaccine,
2009 cell culture-based Japanese encephalitis
vaccine, 2013-14 H5N1 novel influenza vaccine,
and prototype pandemic influenza vaccines
(including those derived from cell culture),

which have not resulted in the approval of
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vaccines to prevent new diseases that require
efficacy evaluation based on clinical endpoints.

However, the fact that domestic vaccines
have not been approved since 2015 does not
mean that vaccine development in Japan has not
stopped. On December 16, 2013%, the Ministry
of Health, Labor, and Welfare requested a
five-in-one vaccine (DTaP/IPV/HIB) from the
industry association of vaccine development
In April 2022,

companies. two domestic

companies  submitted  applications  for
approval'9'V, In addition, domestic companies
are currently developing intranasal influenza
vaccines, which were expected to be developed
according to the "Report of the General
Conference on Countermeasures against
Pandemic Influenza (A/HINT)," using clinical
trials to evaluate efficacy based on clinical
events!?1, Other vaccines in development,
such as malaria'” and norovirus vaccines!®,
have reached the clinical trial stage. In addition,
the Coalition for Pandemic Preparedness
Innovation (CEPI), a public-private partnership
that aimed at promoting vaccine development,
announced in a press release that it would
provide $31 million in support for phase I and II
clinical trials of a Nipah virus vaccine at the
Institute of Medical Science, University of
Tokyo!®.

However, all confirmative clinical trials for
5-in-1 vaccines are designed to evaluate

immunogenicity!”'®.  Clinical trials for all
development products other than intranasal
influenza vaccines will be conducted in foreign
countries in collaboration with foreign groups.
does not rule out the

Nonetheless, this



possibility that vaccine development, especially
for new diseases, is being conducted overseas
due to challenges in conducting verifiable
clinical trials to evaluate the efficacy of vaccines
based on clinical events in Japan.

Furthermore, compared to other therapeutic
agents, one of the characteristics of vaccine
clinical trials developed in Japan is the small
number of multi-regional clinical trial projects.
However, the number of multi-regional clinical
trials conducted in Japan has recently increased.
For example, 440 (57.0%) of the 789 clinical
trial plan notifications submitted to PMDA in
fiscal 2021 were multi-regional clinical trials
conducted in Japan'?. However, only 3 (5.1%)
of the 59 vaccine-related studies used in the
approval review in Japan were conducted as
multi-regional clinical trials including Japanese
participants, and the two drugs were Singrix
(Japan Vaccine Co., Ltd. (at that time)) and
Sylgard (MSD). Moreover, there were no
domestic-origin vaccines for which
multi-regional clinical trials or foreign clinical
trials were conducted, indicating that when
developing vaccines, domestic companies

conducted the main trials for evaluating efficacy

only in Japan. There are various possible
explanations for this result; nonetheless, it is
undeniable that one of them is that the years
covered by this survey were a period of catch-up
for the so-called “vaccine gap” in Japanese
society, during which vaccines commonly used
overseas were unavailable in Japan.

(2) Clinical of

Development Landscape

Vaccines in Japan
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In section (1), we stated that, to date, no efficacy
evaluations based on clinical endpoints have
been conducted in developing vaccines of
domestic origin. However, we believe the
situation is gradually improving.

Using a free word search with the term
"vaccine," 24 trials were discovered when

nn

searching for "specified clinical trials," "sponsor
initiated clinical trials," or "clinical trials for
pharmaceutical application” registered in the
Japan Registry of Clinical Trials (jJRCT), which
is a registry of clinical trials in Japan (confirmed
as of April 10, 2022). Furthermore, we
confirmed that four multi-regional clinical trials
involving Japanese participants (all sponsored
by foreign companies) were registered as trials
with efficacy evaluation based on clinical
endpoints planned as the primary endpoint
(GRCT2051210096, jRCT2031210159,
jRCT2031210109, and jRCT2031200167, all of
which cover drugs or indications not approved
as of March 31, 2022).

In addition, when we searched on the Clinical
Research Information Portal
(https://rctportal.niph.go.jp) provided by the
National Institute of Public Health using the
term "Vaccines," which corresponds to 631 of
JAPIC Drug Efficacy Classification Codes, 95
trials were found (confirmed on 2020 April 10,
2020). Among these, two international clinical
trials by foreign companies (JapicCTI-205346
and JapicCTI-163378) and the two domestic
intranasal influenza vaccine trials described in
the previous section were identified when

searching for trials that included Japan as the

study site and evaluated efficacy based on the



clinical endpoint.

The current investigation does not cover these
clinical trials because they are not approved in
Japan or are being conducted for other
indications. However, it is gradually becoming
more apparent that vaccines are being developed
in Japan concurrently with other countries
worldwide through multi-regional trials rather
than simply introducing foreign-approved
vaccines to Japan to close the vaccine gap and
that domestic companies are now accumulating
experience in clinical trials evaluating efficacy
based on clinical endpoints.

Nevertheless, it is unclear whether such
advances in clinical trials will continue to be
made in the future. According to the
Pharmaceutical Research and Manufacturers of
America (PhRMA) and European Federation of
Pharmaceutical Industries and Associations
(EFPIA), industry organizations of foreign
pharmaceutical companies, the issues of clinical
trials in Japan are the slow response of sites
and the low

implementing clinical trials

recruitment per site, and the inefficient
monitoring and CRA requirement, necessitating
a reasonable number of personnel. This is a
disadvantage when conducting a clinical trial to
evaluate efficacy based on clinical endpoints,
which is required when evaluating efficacy
against new diseases.

Under such conditions, one possible way to
promote vaccine development in Japan was
establishing a platform that can help developers
design multi-regional clinical trials or combined
analyses under normal circumstances. This is

essentially the preparation of a template for
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clinical trial-related documents, including
protocols for multi-regional clinical trials, the
implementation of common electronic case
report forms (¢CRF) among medical institutions,
and conducting clinical trials based on the
premise that multiple medical institutions
collaborate through the use of central data
review committees of efficacy and data safety

monitoring committees.

(3) Limitations of this study
This study had some limitations. First, it did
not comprehensively cover all reviewed clinical
trials. We did not tabulate clinical trials other
than those used as primary studies for efficacy
evaluation during the review process. Hence,
some post-marketing clinical trials and trials
conducted in Japan to confirm domestic and
foreign efficacy differences were excluded from
the scope of the study. Second, development for
specific age groups, such as pediatric vaccine
development and clinical trials in the early
stages of development, are not included in the
scope of this study. Therefore, it was impossible
to analyze clinical trials conducted after
approval to evaluate vaccine long-term efficacy,
conduct a comprehensive analysis of the clinical
trial design conducted in Japan, or identify
issues related to clinical trials at an early stage of
development.

Third, there were also significant limitations
in collecting data on the start date of clinical
trials. For clinical trials of drugs approved
before 2013, information on trial timing was
frequently masked in review reports. Therefore,

we attempted to supplement the data with



information from the clinical trial database of
JAPIC or the U.S. clinical trials registry site,
clinicaltrials.gov; however, many trials,
especially those conducted solely in Japan, were
not registered, regardless of whether the
development was domestic or foreign-funded.
Fourth, for clinical trials related to a specific
product, it was difficult to confirm the timing of
clinical trials related to a specific product
because the registry did not have trials that
corresponded to the names of the clinical trials
listed in the review reports. Due to the
difficulties in obtaining sufficient information, it
was challenging to analyze the time required to
develop each drug.

Fifth, as for surveys of clinical research
information portals or jRCTs in this report, some
trials that met the criteria may be overlooked
due to the difficulty of specifying detailed

search conditions and the fact that registrants do

not always provide sufficient information.

E. Conclusion

Thirty-nine vaccines have been approved
since the inception of PMDA until March 31,
2022, while 59 clinical trials have been
evaluated in review reports to assess efficacy.
The number of approved vaccines in Japan
increased at times following the 2007 "Vaccine
Industry Vision" due to policy recommendations
and interest in infectious diseases. However, it
decreased as safety concerns became a social
issue, and no domestically produced vaccines
have been approved since 2016.

An analysis of the indications and clinical

trial designs of vaccine products approved in
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Japan revealed that domestic-origin vaccine
development companies had not made sufficient
progress against new diseases. Moreover, it
became apparent that companies developing
domestic vaccines have no experience
conducting large-scale clinical trials evaluating
efficacy outcomes based on clinical endpoints,
multi-regional clinical trials, or clinical trials
conducted in other countries.

In contrast, there are signs of change in the
vaccine development landscape in Japan. In
addition to catching up to close the vaccine gap,
global companies are gradually beginning to
include  participants  from  Japan in
multi-regional clinical trials for simultaneous
worldwide development and conducting clinical
trials to evaluate efficacy based on clinical
evaluation endpoints.

According to the WHO Guidance on Clinical
Evaluation of Vaccines®, vaccine efficacy is
generally evaluated based on clinical events
after and in the future. In Japan, the ability to
complete clinical trials in which efficacy
evaluation is based on the clinical endpoint is
essential for developing vaccines against new
diseases. This is especially for domestic
companies. However, due to the difficulties in
conducting such trials in a clinical trial
environment in Japan, the government may take
the lead in establishing an international platform
where multi-regional clinical trials and
combined analyses can be designed, which may

prove beneficial.
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Table 1. Classification based on the origin of vaccines, the manufacture, or the vaccine development

Classification by the origin of the Classification by the origin of
manufacture vaccine development
Domestic 21 14
company (53.8%) (35.9%)
Foreign 18 25
company (46.2%) (64.1%)

Figure 1. Number of approved vaccines by domestic and foreign origin of development and the social

condition regarding vaccines in Japan
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Figure 2. Number of participants in full analysis set of the conducted clinical trials

of

Number

20
18
16
14
12
10

Average
7480.3

Third
quartile

First quartile Median
216 423

Sample Size (Full Analysis Set)
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Figure 3. Number of participants in full analysis set of the conducted clinical trials (cross-analysis by

domestic and foreign entities)
20
18
16
14
12

of

10

Number

l/
.
A

\;/
&
S

Sample Size (Full Analysis Set)

H Domestic-Origin Vaccine Foreign-Origin Vaccine

Table 2. Full analysis set of the clinical trials conducted (cross-analysis by domestic or foreign

entities)

Number of | Domestic Foreign

participants in origin Percentage origin Percentage Total
the full analysis | (number of (number of

set studies) studies)

0~100 0 0.0% 4 9.5% 4
101~300 5 29.4% 11 26.2% 16
301~1000 12 70.6% 7 16.7% 19
1001~3000 0 0.0% 4 9.5% 4
3001~10000 0 0.0% 3 7.1% 3
10001~30000 0 0.0% 7 16.7% 7
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30001 or more

0.0%

14.3%

Total

17

100.0%

42

100.0%

59
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Figure 4. Relationship between the number of participants included in the analysis set and the primary

evaluation of efficacy in the study.

20
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14
12

B 10
%

S N A

for the primary efficacy evaluation

Sample Size (Full Analysis Set)\

. Not using clinical endpoint

Using clinical endpoint

for the primary efficacy evaluation

Table 3. Relationship between the number of participants included in the analysis of the clinical trial

and the primary evaluation of efficacy (cross-tabulation by domestic and foreign entities)

Number of
participants in the

full analysis set

Clinical studies not using clinical

endpoints for the primary efficacy

evaluation

Clinical studies not using clinical
endpoints to assess primary efficacy

evaluation

Domestic origin

Foreign origin

Domestic origin | Foreign origin

0~100 0 4 0 0
101~300 5 11 0 0
301~1000 12 7 0 2
1001~3000 0 4 0 3
3001~10000 0 3 0 2
10001~30000 0 7 0 7
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30001 or more 0 6 0 6

Total 17 42 0 20

Table 4. Classification based on products in which region the clinical trial was conducted for efficacy

evaluation in the review report.

(1) Classification based on the domestic and foreign origins of the development of the active

ingredients of vaccines

Domestic origin vaccine Foreign origin vaccine
Clinical trials
] 17 16
conducted only in
(100.0%) (38.1%)
Japan
Multi-regional
0 3
clinical trials,
) ] (0.0%) (7.1%)
including Japan
Clinical trials
] 0 23
conducted only in
] ) (0.0%) (54.8%)
foreign countries

(2) Classification based on the domestic and foreign origins of marketing authorization holder

Domestic marketing Foreign-affiliated
authorization holders manufacturers and distributors
Clinical trials
. 20 13
conducted only in
(76.9%) (31.0%)
Japan
Multi-regional
2 1
clinical trials,
. ] (7.7%) (2.4%)
including Japan
Clinical trials
. 4 19
conducted only in
) ] (15.4%) (45.2%)
foreign countries
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Appendix 3
Grant-in Aid for Health, Labor, and Welfare Administration Promotion Survey Project
(Special Research Project for Health and Labor Sciences)

Research Report

Biostatistical Perspective on Accelerating the Planning of Clinical Trials for Vaccine

Development

Shared research: Assessment and performance evaluation of potential clinical trial
designs/plans
Co-investigator: Yuki Ando
Affiliation: Senior Scientist for Biostatistics, Office of New Drug I, Pharmaceuticals and

Medical Devices Agency

Abstract:

The novel coronavirus infection has impacted the entire world in a number of ways. Based on
prior experience and current vaccine development conditions, this study examined potential
situations that may affect vaccine development for future novel infectious diseases, investigated
situationally specific factors that should be considered, and assessed clinical trial designs that may
be considered useful. We also conducted a simulation study to evaluate the operating characteristics
of possible designs that could be applied in situations where an early decision on vaccine efficacy is
required.

In the early stages of vaccine development, the available information on infectious diseases is
limited; moreover, the environment of infectious diseases may change substantially over time. The
use of trial designs that allow for decision-making and modifications to the design during trial
implementation is considered helpful, and innovative and recent trial designs and analysis methods
may be utilized based on specific circumstances. In addition, to accelerate vaccine development, an
implementation system capable of planning and conducting large-scale clinical trials should be
constructed that can also incorporate multi-regional conditions and multi-vaccines. To provide
evidence confirming vaccine efficacy, it is essential to design clinical trials that consider various
factors that lead to potential changes as early as possible. Considering that an early decision on
efficacy is needed to supply vaccines based on the infectious disease circumstances, it is crucial to
understand decision-making uncertainties during clinical trials in advance to ensure that these issues
can be discussed at the earliest. Discussing and considering such expectations during normal

nonepidemic periods will facilitate appropriate action by both vaccine developers and regulatory
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reviewers when an actual outbreak of infectious disease occurs.
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A. Objective

The coronavirus disease pandemic has had a
great impact worldwide, and due to the
magnitude of the impact of this novel infection,
the development of new vaccines in many
countries has proceeded at an extremely rapid
speed compared to that under normal situations
because of the

support from industry,

government, academia, and society. Rapid
implementation of vaccines is required in Japan,
and regulatory approval applications and
procedures for vaccines developed abroad have
been accelerated. However, by the end of March
2022, domestic vaccines developed in Japan had
not reached the practical application stage, thus
highlighting various issues in the development
system in Japan. Some of these issues include
the lack of a system for prompt clinical trial
design under

and planning unexpected

circumstances and the need to consider
appropriate designs and planning of clinical
trials for the development of new vaccines in
situations where established vaccines already
exist.

In this shared research, we examined the
factors that should be considered for the rapid
development of vaccines for future outbreaks of
emerging infectious diseases and possible
clinical trial designs that could be used. Our
work references the situation since the outbreak
of the novel coronavirus infection and the
development of approved novel coronavirus
vaccines. In addition, assuming that rapid
decisions regarding vaccine efficacy or approval
will be required in the early stages of emerging

infectious disease outbreaks, we evaluated the
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performance of designs for early decision-

making in response to potential scenarios.

B. Methods

1. Factors to be considered and possible trial

designs for developing vaccines for
emerging infectious diseases

Based on public information on approved
vaccines in Japan, international regulations and
recommendations by various regions, including
Japan and the WHO, and the content of
discussions  during relevant international
workshops regarding vaccine development since
the outbreak of new coronavirus infectious
diseases, we reviewed the factors to be
considered and possible clinical trial designs for
developing vaccines against emerging infectious

diseases.

2. Evaluation of the design performance for
early decisions on efficacy

The findings in 1 indicated that a rapid

decision on the efficacy of the developed

vaccine is expected, even with limited relevant

information during the of

early stage

development. Therefore, we conducted a
simulation study on the performance of such
designs in a possible emerging infectious disease
scenario. Specifically, we considered a situation
in which a pre-planned interim analysis for early
efficacy determinations is conducted and early
termination of the study (which is not
necessarily pre-planned) is required based on
public health needs according to the infection

situation.



Based on the results of interviews with
infectious disease specialists to identify the
types of infectious diseases that have high
potential for wvaccine development, we
considered scenarios for respiratory infections,
including novel influenza and novel coronavirus
infections, with the aim of developing a vaccine
for emerging infectious diseases. Specifically, a
scenario for a novel coronavirus infection with
high infectivity but relatively low mortality and
a scenario with limited infections but relatively
high mortality using Middle East Respiratory
Syndrome (MERS) as an example were
considered. The simulation study was designed
under the assumption that an appropriate dose
with efficacy and acceptable safety has been
established based on prior clinical trials and that
the study was designed as a confirmatory study
for regulatory approval. A placebo-controlled
study with the onset of symptomatic infection as
the primary endpoint, which required a
relatively long study duration, was planned.
Assuming that the spread of infectious disease
would require early decisions regarding efficacy
and vaccine approval, the operating
characteristics for both the planned interim
analysis and unplanned early termination of the
study were evaluated using a simulation study.
In addition, for the scenario with the new
coronavirus infection as an example, we also
examined the design of a clinical trial in which
the conclusion can be obtained in a short period
from the start (3 months using the 100 Days
mission proposed in Carbis Bay G7 Summit! as
a reference).

Details on the assumed parameters and
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simulation conditions for each scenario are

provided in Appendix 1.

C. Results

1. Factors to be considered and possible trial

designs for developing vaccines for
emerging infectious diseases

The following points should be assumed and
considered in advance, and the possible trial
designs should be considered when planning a
clinical trial for vaccine development in the
context of an emerging infectious disease
epidemic.

* Amount of information on infectious

diseases

From the outbreak of an emerging infectious
disease to the early stages of an epidemic,
insufficient information is available on the
infectiousness, pathogenesis, severity, and
fatality rate of the disease. Therefore, vaccines
developed in the early stages of an epidemic
require randomized placebo-controlled trials to
evaluate efficacy and safety, with the primary
endpoint represented by prevention of clinical
events, such as the onset of symptomatic
infection®. In this case, a relatively large clinical
trial would be planned, and it would have little
information on the actual infectiousness and
incidence of the infectious disease. Therefore, it
would be helpful to consider a group sequential
design (interim analysis) and an adaptive design
to enable decision-making on efficacy/futility
and/or sample size re-estimations during the

course of the clinical trial. It is important to pre-



plan the details of such interim evaluations and
modifications along with the criteria for
decision-making.

is

In situations where little information

available on both infectious diseases and
vaccines, multiple doses may be evaluated in
several small trials and multiple target
populations (cohorts) with different ages and
background factors may be studied in clinical
trials in specific regions. In such cases, by
designing each trial with specific objectives and
a certain degree of commonality, a pre-planned
integrated analysis can be conducted to evaluate
preventive effects that require a larger number of
subjects. To consider such an integrated analysis
as a confirmatory result, it is important that the
design of each trial consider the possibility of
integration, especially in the planning of each
trial. Additionally, integrated analyses should be
planned and defined prior to obtaining any of the
results of the trials. To evaluate the results, the
adequacy of the integration based on the results
of each trial should be explained.

With the progress of vaccine development and
research on the mechanisms to prevent disease
onset, information on the correlations between
post-vaccination neutralizing antibody titers and
efficacy in preventing disease onset is expected
to accumulate, which facilitate evaluations of
vaccine efficacy wusing an indicator of
immunogenicity as the primary endpoint of
efficacy. However, certain information is needed
on the threshold for immunogenicity indicators
of vaccine preventive efficacy and the
contribution of cell-mediated immunity to

preventive efficacy. In addition, the sufficiency
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of safety information should also be considered.

Accumulated information on immunogenicity
indicators associated with prophylaxis and
certain  epidemiological  information on
infectious diseases may allow for certain
assessments of specific considerations, such as
the effects of additional doses, by comparison

with non-randomized external controls.

*  Changes in infection rates due to infectious
disease countermeasures, variants, etc.
Infection and incidence rates may decrease due
to the implementation of countermeasures
against infectious diseases or the spread of
variants with different infection rates. Such
factors may lead to changes in the expected
incidence rate from the values assumed at the
time of planning, which may be the primary
endpoint of clinical trials for vaccines,
particularly in the early stages of an infectious
disease epidemic. To compensate for such
changes, the sample size may be changed in a
blinded manner based on information collected
on incidence and other factors. For confirmatory
trials, possible changes in the design should be
planned in advance, including the decision-
making process and criteria for determining

whether changes are necessary.

Differences or changes in incidence rates
associated with infectious disease
countermeasures, variants, and other factors
may occur when evaluating the efficacy and
safety of a particular vaccine based on multiple
clinical trials conducted in different regions and
at different times, assessing integrated analyses,

and using external information from clinical



trials.

* Increase in the vaccination rate of approved
vaccines

Increased vaccination with approved vaccines
developed early in the course of an infectious
disease outbreak may result in a decrease in the
number of subjects who may be eligible to
participate in clinical trials for subsequent
vaccines and may reduce the recruitment rate of
subjects in ongoing clinical trials. In addition,
the presence of an approved vaccine may require
careful consideration in the design of ongoing
placebo-controlled trials and may make it
difficult to design and conduct new placebo-
controlled clinical trials. After a certain time,
trials of subsequent vaccines may be realistically
planned and conducted as non-inferiority trials,
using approved vaccines as controls®. For
clinical trials planned at this point, it is necessary
to establish efficacy measures available at the
planning stage according to the "amount of
information available on infectious diseases”
and set a clinically appropriate margin of non-
inferiority.
* Increasing number of concurrently

developed vaccines

In the development phase of a subsequent
vaccine, in addition to the potential decrease of
subjects due to the increased immunization with
approved  vaccines,  the simultaneous
development of multiple subsequent vaccines
may make it even more difficult to enroll

subjects.

In situations where multiple vaccines are
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developed simultaneously in a relatively short
period of time, they could be evaluated using a
common platform under a single common
protocol (master protocol) for more efficient
efficacy evaluations (platform studies®). This
platform study design may be particularly
beneficial when using approved vaccines as
common active control vaccines. In a platform
study, vaccines developed by multiple
companies are evaluated, and in some cases,
large-scale and long-term management of the
platform is required. Therefore, a clinical trial
implementation system should be established to
ensure that a clinical trial is appropriately
managed through the platform. Moreover,
considering the effect of changes in infection
rates due to infectious disease countermeasures
and variants, as previously described, the results
of a study vaccine group should be compared
with those of control vaccine group subjects
enrolled at the same time period, even when

using the results of the common control vaccine

group for multiple study vaccines.

*  Other factors

In the context of a global epidemic of
emerging infectious diseases, the wuse of
available worldwide data on vaccines under
development and the evaluation of such data
from global clinical trials®, including those
conducted in Japan, are also important elements
for regulatory approval. In such evaluations, it is
necessary to address regional differences in
infection status, distribution of variants, and
It is also

differences in vaccination rates.

important to consider other ethnic factors” in



advance.

Some vaccine trials for new coronavirus
infections have used the Bayesian approach for
statistical ~analysis® rather than statistical
hypothesis testing, which is traditionally used
for the primary analysis of confirmatory trials.
The Bayesian approach may be potentially
useful in making flexible decisions regarding
efficacy in vaccine trials. In addition, this
approach has been used for the analyses of trials
using adaptive design and platform studies. In
the Bayesian approach, it is important to
evaluate the appropriateness of the prior
the

used and

of

information operational

characteristics the  analysis.  Prior
consultations with regulatory agencies are
recommended before Bayesian approach is used

for statistical analyses.

2. Evaluation of design performance for early
decisions on efficacy

In a randomized controlled trial of a novel
coronavirus infection scenario with an allocation
ratio of 1:1 between the vaccine and placebo
groups and assuming an incidence rate of 1% at
6 months for the placebo group and an expected
VE of 60%, we investigated the situation to
confirm that the lower limit of the 95%
confidence interval for VE based on the hazard
ratio exceeded 30%”. Assuming an enrollment
period of 3 months and a maximum observation
period of 6 months for each subject, 19350
subjects were required to evaluate the efficacy at
9 months from the start of the study'®. When the
VE varied from 50% to 70% and the incidence

rate of the placebo group at 6 months varied
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from 0.50% to 1.50%, the number of required
subjects varied from 99959 to 6058 and
exceeded 10000 for most combinations
(Appendix 1, Table 1). When interim analyses
for early discontinuation due to efficacy were
conducted at 50% and 75% of the total number
of events, the time period from study start to
analysis was reduced to 5 and 6 months,
respectively; however, the power at each time
point was 20% and 60%, respectively. The
O'Brien-Fleming type o-spending function
based on the Lan-DeMets method was used for
the multiplicity adjustment for the interim
analysis. However, when early termination was
conducted at 40%, 60%, and 80% of the total
number of events without multiplicity
adjustment for reasons due to public health, the
time required for analysis was reduced to 4, 5,
and 6 months from the start of the study,
respectively, and the power at each time point
46%, 65%, and 76%,

(Appendix 1, Table 2). In the simulation results,

was respectively
the Type I error rate for early termination 2 (at
60%, 81 events) was 5.38%, which exceeded
5%; however, this finding could be explained by
insufficient number of simulations,

the

an as

confirmed by increasing number of
simulations (Appendix 1, Table 3).

Assuming the completion of the study within 3
months under similar conditions (1 month for
enrollment and 2 months for the maximum
duration of observation for each subject), the
number of required subjects was 57388 for a
required number of 135 events. The duration
from study start to analysis was reduced from

2.0 to 3.0 months for the interim to final analysis



and from 1.8 to 2.6 months for early termination
for public health reasons, and the power and
other results did not change relative to the
aforementioned results (Appendix 1, Table 4).
Analysis based on the risk ratio using Poisson
regression'!) with robust variance was also
performed, but the results did not change
(Appendix 1, Table 5).

For the MERS scenario, events were
considered deaths, with a 35% mortality rate at
1 month in the placebo group, and other settings
were the same as for the novel coronavirus
infection scenario. The required number of
events was 135, resulting in 534 subjects in the
two groups. The time from study start to analysis
was shortened from 1.0 to 1.5 months for the
interim and final analysis and from 0.9 to 1.3
months for early termination for public health
reasons, and the power at each time point did not
differ substantially compared to the other

conditions (Appendix 1, Table 6).

D. Discussion

1. Factors to be considered and possible trial

designs for developing vaccines for

emerging infectious diseases

When planning a clinical trial, many factors
should be considered, especially those that
change over time, such as the amount of
information on infectious diseases, changes in
infectious disease

infection rates due to

countermeasures and variants, increases in
immunization rates of approved vaccines, and

increases in the number of vaccines to be
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developed. Especially in the early stages of
vaccine development, when a large-scale, long-
term clinical trial is required, rapid initiation of
the clinical trial plan with adequate
infrastructure is critical and the possibility of
time variability, as described above, should be
recognized and considered.

In vaccine development in the early stages of
an infectious disease outbreak, interim analysis
for early decision-making on vaccine efficacy
and adaptive designs for design modification
during the course of clinical trials are considered
useful for addressing the issues of the spread of
the infectious disease and other factors. In
addition, an integrated analysis of clinical trials
initiated in the early stages of development may
be used to evaluate disease-preventive effects. In
particular, for these designs, it is important that
of

and criteria be planned in

the details the analysis methods,
modifications,
advance and specified in the study protocol and
statistical analysis plan to avoid an increase in
the probability of Type [ errors due to
multiplicity and avoid bias resulting from design
changes based on the results. Even for changes
that do not involve unblinding, it is important to
consider the possibility of such changes a priori,
whenever possible. Although an increase in the
number of approved vaccines and vaccines to be
developed may affect the efficacy to be
confirmed, it is important to select an
appropriate design when planning a clinical trial,
recognize the impact of these changes on the
plan during implementation, and prepare in
advance for any necessary actions.

Under circumstances in which multiple



clinical trials are integrated or multiple vaccines
are evaluated in a platform study using a master
protocol, it is important to establish a clinical
trial management system for appropriate
implementation. Such a system includes the
development of the clinical trial protocol and
standardization of data collection, which
improves the consistency of clinical trial
management. In addition, when conducting a
global clinical trial or using foreign data and
then applying for regulatory approval in multiple
regions, it is necessary to have a framework that
considers the planning of the clinical trial and
the usage of the results based on the conditions
in each region corresponding to the factors to be
considered.

Even when early decision-making regarding
vaccine efficacy is required, safety evaluations
of the vaccine and assessments of the benefit-
risk balance are also important. When making
decisions early in the course of a clinical trial,
careful review of the contents of the safety
database at that point in time is necessary to
confirm that there is an acceptable benefit-risk
balance. Particular attention should be given
when efficacy is evaluated based on
immunogenicity indicators, where the balance
needs to be considered based on the assumed
efficacy of the disease-preventive effect.

Furthermore, in the development of vaccines
infectious diseases,

against ~ emerging

consultation with regulatory authorities is
important, and the planned modification of the
trial design during the trial, need for other
anticipated changes, and use of relatively new

methods, such as master protocols and statistical
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methods utilizing the Bayesian approach, should

be discussed in detail in such consultations.

2. Performance evaluation by simulation

Under the pandemic coronavirus infection
scenario, which had a VE of 50% to 70% and a
placebo incidence of 0.50% to 1.50% at 6
months, more than 10,000 subjects were
required in most cases. In early vaccine
development, the number of subjects may be
conservatively estimated because of the small
amount of information at the time of study
planning. Therefore, a large-scale clinical trial is
expected to take a long time until the final results
are obtained, and it may be useful to consider
how to respond to any changes in circumstances
in advance, such as modification of the design
and early discontinuation based on efficacy.

In this study, early termination from the
viewpoint of public health, which is not planned
in advance, was examined based on the
assumption that early termination could occur at
any stage depending on the spread of infectious
diseases, and the efficacy evaluation was based
on the results at that point in time. For example,
an analysis of 40% of the overall number of
events showed a low power of 46%. Although
unplanned design changes and termination
should be avoided in general, in circumstances
when it is necessary to consider these, the
uncertainty of the efficacy results at the time
should be fully considered. In addition, the
infection status at that time as well as safety
information and information expected to be

available after approval should be considered.



For scenarios using MERS as an example, which
is considered to have a high mortality rate, the
estimated power was similar to that of the novel
the

proportion of events at the time of early

coronavirus infection scenario when

termination was similar. In this scenario,
because of the high event rate, the number of
subjects of trials required for the efficacy
evaluation was relatively small and the expected
time to completion of the planned trial was
relatively short. However, given the severity of
the infection, a more rapid decision may be
required. Points on the uncertainty of outcomes
as a result of changes in circumstances should be
assumed beforehand so that studies and
decision-making can be conducted quickly as
needed.

In this study, the simulations conducted are
based on the experiences of recent cases and do
not reflect every possible condition. However,
during actual outbreaks of advanced infectious
diseases, especially in the early stages of vaccine
development, it is necessary to consider various
aspects of the clinical trial to be conducted;
moreover, the uncertainty of information on
infectious diseases available at that time should
be considered. Discussions with regulatory
agencies on clinical trial design should include

the results of simulations under various settings

for the planned clinical trial.

E. Conclusion

In this study, the novel coronavirus infection
that has affected the entire world and experience
and current conditions of vaccine development

were considered to examine the possible
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situations that could be assumed when
developing a vaccine against future emerging
infectious diseases, evaluate factors that should
considered depending on the situation, and
assess clinical trial designs that may be useful.
In addition, assuming a situation in which an
early decision on efficacy is necessary, we
conducted a performance evaluation using
simulations of possible scenarios for designs
that could be employed in such a situation.

In early vaccine development, the amount of
information on infectious diseases is limited and
the environment surrounding infectious diseases
is expected to change significantly over time. It
is important to recognize in advance the points
to assume and consider when planning a clinical
trial for vaccine development, and the possible
trial designs should also be considered to
facilitate the development of an implementation
system for conducting trials when necessary. For
situations in which an early decision on efficacy
is required to supply vaccines rapidly depending
on the status of infectious diseases, it is
important to recognize in advance the
uncertainties associated with decision-making
during the course of a clinical trial to facilitate
actual discussions. We believe that discussing
and considering such expectations during
normal times will facilitate the implementation
of necessary actions by both vaccine developers
and regulatory authorities when an actual

outbreak of infectious disease occurs.
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[Appendix 1] Details of the simulations performed

For the novel coronavirus infection scenario, we set the study design, primary endpoints, and criteria

for efficacy as follows:

We conducted a placebo-controlled randomized controlled trial comparing a previously
established vaccine dose with a placebo.
The primary endpoint was the time to onset of symptomatic infectious disease based on phase
3 trials of approved novel coronavirus SARS-CoV-2 vaccines.
Hazard ratios, HR = Ag/Ap, were estimated using the Cox proportional hazards model to
ascertain whether the lower bound of the 95% ClIs of the hazard ratio-based vaccine efficacy
(VE = (1 — HR) x 100) was more than 30%.

» lg: Time to event for subjects in the vaccine group
tp: Time to event for subjects in the placebo group
Ag: Hazard in the vaccine group tp~Exponential(Ag)
Ap: Hazards in the placebo group, tp~Exponential(Ap)
Null hypotheses Hy: VE < 30%
» Null hypothesis for the hazard ratio Hy: HR = 0.7

YV V V V

An interim analysis aimed at the early discontinuation of efficacy is planned. We use the alpha
spending function of the O'Brien-Fleming type based on the Lan-DeMets method for the
multiplicity adjustment for the interim analyses. In this plan, it is assumed that no sample size
re-estimation based on events is planned and the required sample size is conservatively
estimated prior to the trial.

Apart from the planned interim analysis, early termination of the trial for public health reasons
that have not been pre-planned is assumed to be implemented. In this case, the trial will always
be terminated, regardless of the results. For example, an interim analysis for efficacy is
conducted for 50% of the events, the trial continues because the results do not meet the
efficacy criteria, and early termination for public health reasons can be performed at 60% of

the events.

Simulation conditions were as follows:

The allocation ratio of the vaccine and placebo groups was 1:1.

The incidence rate at six months for the placebo group was 1%. The Ap calculated from the
incidence rate in the placebo group was 0.02.

Assumed the expected VE of 60% then the A was 0.008.

The enrollment period was set to three months, and the maximum observation period for each
subject was set to six months (i.e., the final analysis was conducted at nine months from the

start of the study).
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The dropout rate at six months was set to 2%, assuming an exponential distribution for the
rate (Acensor = 0.04).

For the enrollment period, a uniform distribution of enrollment was assumed from the start of
the study (Uniform(0,3)).

The two-sided significance level was set at 5%. In this case, the required number of events to
ensure 90% power for the hypothesis test was 135 and the required number of subjects was
19350 in the two groups (Schoenfeld’s method, Tablel).

The interim analysis for efficacy was performed at 50% (68 events) and 75% (102 events) of
the total number of events. The two-sided significance levels were 0.0042 for the first interim
analysis, 0.0194 for the second interim analysis, and 0.043 for the final analysis.

The early termination not prespecified due to public health reasons was performed at 40% (at
54 events), 60% (at 81 events), and 80% (at 108 events) of the total number of events. The
significance level for early termination consumed all remaining alphas. The two-sided
significance levels were 0.05, 0.048, and 0.043 for the 40%, 60%, and 80% time-points,
respectively.

The final analysis was performed for 135 events. To obtain 135 events in the simulation, the
maximum observation period for each subject was set at 1 year.

The number of simulations was set at 10,000.

Simulations were also conducted based on the following conditions under the assumption that the

study would be completed within three months, which referenced the 100 Days mission proposed

at the Carbis Bay G7 Summit:

The final analysis was conducted at 3 months from the start of the study, with an enrollment
period of 1 month and a maximum observation period of 2 months for each subject.

The two-sided significance level was set at 5%. In this case, the number of subjects required
was 57388 for the vaccine and placebo groups to obtain 135 events to ensure that the
hypothesis test achieved 90% power.

An analysis based on the risk ratio by Poisson regression with robust variance (Zou G, 2004)
was also performed. The vaccine was effective if the upper limit of the confidence interval

for the risk ratio was lower than 0.7.

Other simulation settings were the same as those used in the previous simulations.

Table 1 shows the number of subjects required to ensure a two-sided significance level of 5% and a

power level of 90% for the combination of event rates and the expected value of VE at 6 months in

the placebo group.

The simulation results for the interim and final analyses as well as for each early termination are

shown in Table 2. These results indicate the Type I error rate, power, point estimate of the hazard ratio

(calculated from the case with statistical significance; true value of hazard ratio is 0.4), and duration
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from the start of the study until each analysis. Note that the power for each interim analysis was not
calculated based on the results of the other interim analyses. In addition, because the Type I error rate
at the 60% point of early termination (81 events) was 5.38%, which exceeded the significance level at
4.8%, the number of simulations was increased from 10,000 to 20,000 and 100,000 to investigate the
accuracy of the Type I error rate. The results are presented in Table 3. We found that the discrepancy
in the values occurred because of an insufficient number of simulations.

Table 4 shows the results of the simulation, which assumed that the study was closed within three
months. Table 5 shows the power using the Poisson regression with robust variance and Cox

proportional hazards model. We found that the power of the analysis methods was very similar.

For the scenario assuming MERS, which has limited infectiousness but relatively high mortality,
although the study design was the same as that for the scenario assuming novel coronavirus infection,
the settings differed as follows:

*  The primary endpoint was time to death.

* The mortality rate at one month in the placebo group was assumed to be 35%. The Ap
calculated from the mortality rate in the placebo group was 0.43.

* Anexpected VE of 60% was assumed; thus, A5 was 0.17.

*  The enrollment period was set to one month, and the maximum observation period for each
subject was set to one month (i.e., the final analysis was conducted at two months from the
start of the study).

*  The dropout rate at six months was set to 4%, which assumed an exponential distribution for
the rate (Acensor = 0.04).

*  For the enrollment period, a uniform distribution of enrollment was assumed from the start of
the study (Uniform(0,1)).

*  The two-sided significance level was set at 5%. In this case, the required number of events to
ensure 90% power for hypothesis testing was 135 events and 534 subjects in the two groups
(Schoenfeld’s method).

The simulation results are shown in Table 6, including the Type I error rate, power, point estimate
of hazard ratio calculated from the simulation with statistical significance (true value of the hazard

ratio is 0.4), and the time period from the start of the study until the analysis.
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Table 1. Study design assumptions and required sample size

Incidence rate at 6 months Expected value of VE
for placebo group 50% 60% 70%
0.50% 99959 38717 18189
0.75% 66626 25806 12124
1.00% 49959 19350 9091
1.25% 39958 15477 7271
1.50% 33292 12895 6058

Table 2. Simulation results under the new coronavirus infection scenario

Type I error rate
Duration from the
Objective of Time point (Significance Point estimate of
Power start of the study
the analysis Number of events level at each HR®-Y)
until analysis
time point)
Interim 50% time point 0.034%
) 20% 0.26 5 months
Analysis 1 68 (0.420%)
Interim 75% time point 1.94%
) 60% 0.35 6 months
Analysis 2 102 (1.94%)
Final 100% time point 4.30%
. 84% 0.38 8 months
analysis 135 (4.30%)
Early ] )
o 40% time point 4.80%
termination 46% 0.30 4 months
. 54 (5.00%)
Early ] )
o 60% time point 5.38%
termination 65% 0.35 5 months
81 (4.80%)
2
Early ] )
o 80% time point 4.30%
termination 76% 0.37 6 months
3 108 (4.30%)

HR: hazard ratio
a) Point estimate of the hazard ratio calculated from the simulation with statistical significance

b) True value of HR is 0.4.
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Table 3. Relationship between the number of simulations and Type I error rate (the bottom row

represents the level of significance used at each analysis time point).

Objective of

Time point

10000 times 20000 times 100000 times
the analysis | Number of events

Interim 50% time point 0.03% 0.25% 0.24%
Analysis 1 68 (0.42%) (0.42%) (0.42%)

Interim 75% time point 1.94% 1.79% 1.62%
Analysis 2 102 (1.94%) (1.94%) (1.94%)

Final analysis 100% time point 4.30% 4.19% 3.84%
135 (4.30%) (4.30%) (4.30%)

Early 40% time point 4.80% 4.69% 4.35%
termination 1 54 (5.00%) (5.00%) (5.00%)

Early 60% time point 5.38% 4.91% 4.56%
termination 2 81 (4.80%) (4.80%) (4.80%)
Early 80% time point 4.30% 3.97% 3.74%
termination 3 108 (4.30%) (4.30%) (4.30%)

Table 4. Simulation results under the new coronavirus infection scenario, in which the study was

completed within 3 months

Type I error rate Duration from
Objective of the Time point (Significance Point estimate of | the start of the
Power
analysis Number of events level at each HR-Y) study until
time point) analysis
Interim 50% time point 0.22%
) 19% 0.26 2.0 months
Analysis 1 68 (0.420%)
Interim 75% time point 1.46%
60% 0.35 2.5 months
Analysis 2 102 (1.94%)
_ ) 100% time point 3.94%
Final analysis 85% 0.38 3.0 months
135 (4.30%)
Early 40% time point 4.18%
o 46% 0.31 1.8 months
termination 1 54 (5.00%)
Early 60% time point 4.84%
o 66% 0.35 2.2 months
termination 2 81 (4.80%)
Early 80% time point 4.24%
o 76% 0.37 2.6 months
termination 3 108 (4.30%)

HR: hazard ratio
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a) Point estimate of the hazard ratio calculated from the simulation with statistical significance

b) True value of HR is 0.4.

Tabular 5. Power for the Cox proportional hazards and Poisson regression models with robust

variance under the new coronavirus infection scenario

termination 3

108

Power
Objective of Timepoint
Cox proportional hazards Poisson regression model
analysis Number of events
models with robust variance
Interim 50% time point
) 18% 18%
Analysis 1 68
Interim 75% time point
) 60% 60%
Analysis 2 102
) . 100% time point
Final analysis 84% 84%
135
Early 40% time point
o 46% 46%
termination 1 54
Early 60% time point
o 65% 65%
termination 2 81
Early 80% time point
75% 75%

Table 6. Simulated results under the MERS scenario

Type I error rate Duration from
Objective of the Time point (Significance Point estimate of | the start of the
Power
analysis Number of events level at each HR& study until
time point) analysis
Interim 50% time point 0.2%
) 19% 0.27 1.0 months
Analysis 1 68 (0.420%)
Interim 75% time point 1.58%
) 62% 0.35 1.2 months
Analysis 2 102 (1.94%)
) . 100% time point 3.76%
Final analysis 86% 0.38 1.5 months
135 (4.30%)
Early 40% time point 3.92%
o 47% 0.31 0.9 months
termination 1 54 (5.00%)
Early 60% time point 4.26% 65% 0.35 1.1 months
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termination 2 81 (4.80%)
Early 80% time point 4.08%
77% 0.37 1.3 months
termination 3 108 (4.30%)

HR: hazard ratio

a) Point estimate of the hazard ratio calculated from the simulation with statistical significance

b) True value of HR is 0.4.
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