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Abstract

Most literatures on estimation of vaccine efficacy assumed random mixing throughout the
population. In the practice, the population is somehow stratified into different groups
obviously into the baseline status of HPV, naive and non-naive sub-population, when the
study related to efficacy of HPV vaccine. The present project aims to estimate the efficacy of
HPV vaccine in a weighted manner based on baseline HPV status. In this paper, different
approaches were proposed for estimating the weighted average vaccine efficacy related to
different measurement of relative risk (RR). Simulation study was used to compare the

performance of the different proposed methods for weighted average vaccine efficacy.
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1 Introduction

1.1 Background
Human Papillomavirus (HPV) is a virus from the Papillomavirus family that infects humans.

HPVs develop infections only in the area of the skin, keratinocytes or mucous membranes.
The most of the known types of HPV cause no symptoms in most people, some types can
cause warts, while others can have a minority of cases leading to cancers. Oncogenic Human
Papillomavirus (HPV) has a causal role in nearly all cervical cancers and in many vulvar,

vaginal, penile, anal, and or pharyngeal cancers (IARC, 2007).

More than 30 to 40 types of HPV are typically transmitted through sexual contact and infect
the anogenital region. Some sexually transmitted HPV types may cause genital warts.
Persistent infection with "high-risk” HPV types different from the ones that cause skin warts
may progress to precancerous lesions and invasive cancer. Human Papillomavirus (HPV)
infection appears to be a necessary factor in the development of almost all cases of cervical
cancer (Schiffman & Castle, 2003).

There are more than 100 types of HPV, with more than 40 anogenital types, of which
approximately 15 are oncogenic. About a dozen HPV types (including types 16, 18, 31, and
45) are called "high-risk" types because they can lead to cervical cancer, as well as anal
cancer, vulvar cancer, vaginal cancer, and penile cancer. Human Papillomavirus 16 is
uniquely oncogenic, accounting for approximately one-half of cervical cancers (Mufioz, et
al., 2003).

HPV infection is the most frequent sexually transmitted disease in the world (National
Institute of Allergy and Infectious Disease, 2010). Methods of prevention include abstinence,
condoms, vaccination and microbicides are considered to reduce disease burden. Two
vaccines are available to prevent infection of HPV types: Gardasil (Merck) and Cervarix
(GlaxoSmithKline). Both protect against initial infection with HPV types 16 and 18, which
cause most of the HPV associated cervical cancer cases. Gardasil also protects against HPV
types 6 and 11, which cause 90% of genital warts. In order to see how effective the vaccine
could be given ideal circumstances, the vaccine efficacy needs to be estimated.



1.2 Introduction of the Problem
In a clinical trial, the total vaccinated cohort (TVC) included all women who were given at

least one vaccine dose and were evaluable for efficacy irrespective of other criteria and was
intended to represent the general population of women, including those who are sexually
active. This condition makes the baseline characteristics of the population diverse. The HPV
status of each patient at baseline is assessed by the presence or not of HPV DNA in the
cervical sample taken before the administration of the vaccine. The global population can be
divided between a naive sub-population made of women who are HPV DNA negative at
baseline (no evidence of oncogenic HPV infection) and a non-naive sub-population made of
women who are HPV DNA positive at baseline (evidence of oncogenic HPV infection). The
HPV vaccine works better for naive population compared to non-naive population (FDA,
2006).

In order to get better estimates for the overall vaccine efficacy on the global population, the
baseline HPV status of the subjects need to be taken into account. Furthermore, adaptations
of the classical methods of vaccine efficacy are needed. There is no common agreement for
the best strategy to estimate the overall vaccine efficacy on the general population. The
different methods of vaccine efficacy that take into account the heterogeneity of the

population need to be considered.

1.3 Objective
The heterogeneity of the baseline HPV status needs to be taken into account when estimates

overall vaccine efficacy. The heterogeneity can be captured by the weighting factor for each
sub-population, HPV naive and HPV non-naive cohort. The objective of the study is to
explore the different methods of the vaccine efficacy in weighted manner. In this study, the
vaccine efficacy was defined based on different approaches of relative risk. The weighted
average of vaccine efficacy was applied to those different approaches. Furthermore,
simulations were used to compare the performance of the different proposed methods.



2 Statistical Methodology

2.1 General Definition of VE
Vaccine efficacy (VE) is the reduction in incidence of the disease due to the infectious agent

if everyone took the vaccine compared to the incidence of the disease due to the infectious
agent under the placebo/control (Small, et al., 2010). The general expression for vaccine
efficacy (VE) is described by the following expression:

R (Unvaccinated) - R(Vaccinated)

VE = -
R (Unvaccinated)

i)

(1)
=1-RR,
where R denotes one of the measures of risk and RR is the relative risk, the ratio of

vaccinated risk to unvaccinated risk.

The vaccine efficacy (VE) ranges from (-o0,1]. VE of one indicating that the provides 100%
protection against the disease, a VE greater than zero indicating that the vaccine is more
effective than the control, VE equal to zero indicating that the vaccine is equivalent to the
control and VE less than zero indicating that the vaccine is worse than the control. In
practice, vaccines are neither perfectly effective nor totally ineffective. HPV vaccine on TVC
against cervical cancer and its lesion, for example, is 0.83-0.93 effective when appropriately
administered (HPV Patricia Study Group, 2007).

The measure of risk (R) can be a form of the transmission probability, which conditions of
exposure to infection, or the incidence rate, hazard rate, or cumulative incidence (attack rate),
which do not condition on exposure to infection (Halloran, et al., 2010). In application, the
information of exposure to infection is sometimes difficult or impossible to gain. Moreover,
the study is designed to estimate VE from events per person-time of potential rather than
actual exposure or simply from the proportion of people who become infected in the
vaccinated compared to the unvaccinated/control groups. The assumption is made that the
vaccinated and unvaccinated groups are equally exposed to infection, so that any differences
in the risk in the two groups are due to the biological effects of the vaccine.

Considering the unconditional approach on exposure to infection, the relative risk (RR) can
be described as the ratio of cumulative incidence risk (attack rate) of the vaccinated group
relative to the unvaccinated/control group under equal follow up time assumption.

Meanwhile, under different follow up time assumptions, RR can be described as the ratio of



incidence rates, hazard or (less often) odds of adverse events in the vaccinated group relative
to the control group. Different statistical methods were used for each type of RR.

Different parameters of relative risk (RR) to use for estimating VE depends on different
information on the type and duration of the study, the infectious agent and its transmission
mode, the resources available, and the assumptions of the distribution of protection within the
vaccinated group (Halloran, et al., 2010).

Primary vaccine efficacy studies often report VE based on relative events per person time and
based on hazard rates using survival analysis methods. Both of them require the time to event
as well as the period of exposure (follow up time) of each person under study. When
covariates such as age and gender are added, the analysis is modeled by the covariates or
Poisson regression can be used. Under the assumption that the affect of the vaccine is
multiplicative, constant, and homogeneous, the Cox proportional hazards model can be used
to estimate VE and requires only the ordering of the event time. Meanwhile, the cumulative
incidence rate (attack rate) requires only final value data in the end of the study.

2.2 Estimator of Weighted Vaccine Efficacy
The heterogeneity of the vaccine efficacy of the two sub-populations related to baseline HPV

status, naive and non-naive cohorts, need to be taken into account when estimating global
vaccine efficacy of the vaccine group compares to the unvaccinated/control group. Several
approaches were used in this study using the baseline HPV status for each group as a
weighted factor for estimating VE, namely weighted vaccine efficacy. Different weighted
vaccine efficacies are estimated based on different parameters of relative risk (RR).

2.2.1 The Attack Rates Ratio Approach
The attack rate (AR) is the ratio of total number of events (cumulative incidence) over some

interval time to the total number of people at risk in the beginning of the study. Estimating
VE based on the cumulative incidence or attack rates requires only information about
whether persons reported or not the event of interest (that can be HPV infection, cervical
lesion associated with HPV, disease, ...) by the end of the study, that is, final value data.

Consider a cohort study with N_individuals in the unvaccinated/control group and N, in the
vaccinated group, N =N, +N_. Let X_ and X, denote the observed numbers of events at the

end of the study between control and vaccinated group, respectively. Then AR, = X, /N, , and



AR, =X, /N, are the attack rates for both groups. A measure of vaccine efficacy in this

cohort based on attack rates describes as the following expression:

VE=1-2R )
AR

C

This measurement is in general sensitive to the indirect effects of vaccination and may not be
a biologically interpretable efficacy parameter (Halloran, et al., 1992). Haber et al. (1991)
solved a deterministic epidemic model for the transmission rates as a function of the attack
rates and obtained the estimate for vaccine efficacy and the variance based on the relative
transmission rates that can be obtained from the attack rate as follows:

=_, In(1-AR)
VE_llna_A&). (3)

This estimate of vaccine efficacy (\7@) in equation (3) exceed the traditional estimate

described in equation (2) when AR, < AR, . The difference between these quantities decreases

as the fraction vaccinated group increases. While the variance of VE approximates using

following expression:

e T T s (LTS R

The estimate of (1-«)100% confidence interval for VE can be constructed using standard

procedure as defined in Appendix Al.

221.1 Halloran et. al Approach
The weighted average of vaccine efficacy can be derived from modifying the general

weighted average as described by Halloran et all (1992) when the stratification of the

population appears in both groups, vaccinated and control group.

Let AR, and AR, denote the attack rates for k™ sub-population (strata) in the vaccine and the
control group respectively with corresponding weight o, and y,, . The weights defined as the

proportion of patients enrolled in k™ sub-population for each group vaccine and control, i.e:

K K
a, =N, /N, and y, = N /N, , with the restrictions, > e, =land >y, =1.
P i

Then, the weighted average of vaccine efficacy can be derived from following expression:



K
- Zavk 1 ARvk
VE.=1-—X1 , 5)

i;/ck 1 AR,

k=1

where k=1, 2, ...,K. In this study, K=2 which corresponding to naive and non-naive sub-
population. The variance of weighted average of vaccine efficacy as derived in Appendix A2
yield as follows:

2

3 In(1- AR,
Var VE.)=| 2 )
kZ:‘, n(1- AR,
el () el

(gaw In(1- AR, ))z [ﬁackm(l_ARck)T

The (1-a)100% confidence interval can be estimate using the same expression as the
equations in Appendix Al.

221.2 General Weighted Approach
The general structure of weighted average of parameter estimate can be used to estimate the

weighted average of vaccine efficacy. The expression of weighted average of vaccine
efficacy can be defined as follows:

—~ K —~
VE. => w,VEx. (7)
k,

Where VE, is the estimate of vaccine efficacy for k™ sub-population that can be derived

using the equation (3) and w, is a weight applied to K™ sub-population,
K

w, =N, /N and Zwk =1. The variance of vaccine efficacy for each sub-population can be
k=1

estimated using equation (4). The estimate of vaccine efficacy is weighted by the proportion

of the number of patients for each sub-population. The variance of weighted vaccine efficacy

is defined as:

\/Ta\r(@) - iwj\ﬁa?(ﬁk). (8)
k=1
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The confidence interval of weighted vaccine efficacy can be estimated using previous
approach as defined in Appendix Al.

2213 Precision Based Approach
Haber et al (1991) applied another method of weighted estimate of vaccine efficacy among

sub-population using the precision-based approach as follows:

VE.= 2 9)

where VE, is the estimate of vaccine efficacy for k™ sub-population that can be derived using

the equation (3) and W, is the estimate of weight applied to k™ sub-population,
W, =1/Var (\7I§k ) . The variance of VE can be described using the expression in equation (4)

. The variance of weighted average vaccine efficacy as derived in Appendix A6 as follows:

2 2
~ (K —~ 1 (K
. Var[ WkVEkJ-I- - Var[zwkj—
ZWkVEk k=t Z\ka k-t
e~ e~ ~ \2 k=1 k-1 (10)
Var (VE. )~ (VE. ) x . . .
2 || 2 V/a\r[ZWVAEj 1 V/a\r[ZWJ
>\ VE« = W, “
k=1 k-1

The equations in Appendix Al can also be applied to estimate the (1- e« )100% confidence

interval of weighted average of vaccine efficacy.

This precision-based approach is usually preferable since it provides a narrow interval
estimate when there is approximate uniformity of effect over the strata/sub-population
(Kleinbaum, et al., 1982). The estimate, weighted by the reciprocal of the variance of each
point estimate, gives the highest weight to the most precise estimates. Therefore, the estimate
of weighted vaccine efficacy reflects the number of patients in each sub-population (Haber, et
al., 1991). This approach assumes the homogeneity of vaccine efficacy among sub-
populations. However, between naive and non-naive sub-population, the assumption is not

always fulfilled.

11



2.2.2 ThePerson Time Approach
Person-time approach account for length of follow-up by accumulating time until subjects are

diagnosed with the disease or the trial ends, whichever comes first. The vaccine efficacy can
be estimated by following expression:

X, T,
X JT,’

c c

VE =1- (11)

where T,and T, denote as the total follow up time in years at vaccinated and control group

respectively. While X _and X, denote the observed numbers of event at the end of the study

between control and vaccinated group, respectively. The ratio between total follow up time in

vaccinated and control group definesas r =T, /T, and p denotes as the proportion of event in

the vaccinated group, p = X, /( X, + X, ), thus the equation (11) simply become:

e P
VE =1- 12
(= p) (12)

The numbers of events in the study follow a Poisson distribution, while the proportion of

event in vaccinated group, p, follows Binomial distribution.

Dragalin et al (2002) proposed the following expression to estimate the confidence interval

(CI) of vaccine efficacy derived from exact Cl for p using the Clopper-Pearson interval

approach:
uL =~ LL
l-————<VE<l-———, 13
rI-UL) - r(1-LL) (13)
where,
1
LL=|1+ 2(X, +1) , (14)
2X,F(al2;2X,;2(X, +1))
and,
2X N
UL=|1 c . 15
[+2(xv+1)F(1—a/2;2(xv+1);2xc)] (19)

F (q; dfl; df2) represents the g™ quantile from the F-distribution with numerator degrees of

freedom dfl and denominator degree of freedom df2.

The variance of vaccine efficacy can be derived based on the log of the ratio of two binomial
random variables as defined in Appendix A3 as follows:

12



2
Var(VE || ——— | | —+=—+—+—|. 16
ar( ) (r(l_p)] (XV+TV+XC+T] (1o

c

2221 Halloran et. al Approach
The weighted average method to estimate of vaccine efficacy using the Halloran et. al

approach described in section 2.2.1.1 was applied in this case:

ZOCW X, T, )

VE.=1- k2 (17)
zyck Xck /T

=1

X

where k=1, 2, ...,K. In this study, K=2 which corresponding to naive and non-naive sub
population. The weights defined as the proportion of patients enrolled in k™ sub-population

for each group vaccine and control, i.e:

K K
o, = N% and y,, = NV ,with the restrictions, > a, =land > y, =1.
v c k=1 k=1

The variance of weighted average of vaccine efficacy as derived in Appendix A4 yield as

follows:
K 2
Zavk X I Ty)
Var (VE.) L x
yck Xck /T
k=t (18)

iavkz((ka/Tvk)zx(llka+1/T ) Zyck(xck/T x(L/ X4 +1/Ty)
k=1

K 2 2
[Zavk Xvk /T ] [z }/ck (Xck /Tck )J
k=1 k=1

2.2.2.2 General Weighted Approach
The general expression of weighted average of vaccine efficacy as described in equation (7)

can be applied. Where VE. is the estimate of vaccine efficacy for k™ sub-population that can

be derived using the equation (12) and w,is a weight applied to K™ sub-population,

K
w, =N, /N and Zwk =1. In this case, the estimate of vaccine efficacy is weighted by the
k=1

number of patients for each sub-population. The variance of weighted average VE was

estimated using equation (8) with the variance of VE, can be derived from equation (16).

13



Another approach of choosing the weight factor w, based on a total follow up time. Since in

this study, the follow up time was considered to be relatively important between sub-
population, naive and non- naive cohort. In the other words, the vaccine efficacy is weighted

by the total follow up time in each sub-population as follows:

—~ K —~
VE. => w,VEx. (19)
k=1

K K
The weighted factor w, can be derived as w, =T, /T,where > T, =T and > w, =1
k=1 k=1 '

The variance of weighted average VE was estimated using equation (8) with the variance of

VE, can be derived from equation (16).

2223 Precision Based Approach
The weighted average of vaccine efficacy based on a precision approach described in section

2.2.1.3 can also be applied in this case. The variance of weighted average precision- based
approach derived in Appendix A7 as follows:

Var VE. ) = (VE. ) Var InVE. )

1

2 2 W
1 —~ (&~ 1 — (&
. Var(ZkaEk]+ - Var(Zwk]—
~ VE k=1 N k-1
[ VE 2% (20)
~(VE.) - -
1 —~ (&~ 1 (&
2 ||| =——| Var| 2 WVE« | |x|| % Var| > W,
> W, VEx k1 D oW, k-t
k=1 k-1 J

2.2.3 The Hazards Ratio
Under the assumption that the effect of the vaccine is multiplicative, constant, and

homogeneous, the Cox proportional hazards model can be used to estimate VE and requires
only the ordering of the event time (Halloran, et al., 2010). In this case, it is not necessary to
estimate the hazard rate in the unvaccinated group, but only the relative hazard rate. The
proportional hazards model with covariates can be used to investigate possible confounding
factors.

The hazard function is the instantaneous potential of the disease, i.e., at a specified moment
in time after vaccination, t, given that a patient has been disease free up to time t; the time

14



between vaccination and the events. Monto et al (2001) applied a Cox proportional hazard
model to estimate vaccine efficacy of influenza. The hazard ratio can be described as:

HR = exp( ,3) ,thus the estimate of vaccine efficacy is defined as:
\Ezl—lqﬁzl—exp(,é), (21)

where jis the partial likelihood estimate of the log hazard ratio of the group effect. The

variance of vaccine efficacy can be estimated from the variance hazard ratio as follows:
o~~~ o~ \2 —~— o~ o~ o~ o~ o~~~

Var (HR)=(HR) Var (), thus yield Var (VE)=Var (1- HR)=Var (HR).

The confidence interval for VE can be constructed using parameter estimate and its variance.

The weighted average of vaccine efficacy is estimated using the precision based approach by
Haber et al (1991) as described in equation (9). The variance of weighted average VE based
on precision approach for proportional hazard model was not derived in this study due to

numerical complexity.

Moreover, the general weighted average approach discussed in section 2.2.2.2 can also be
applied. The vaccine efficacy is weighted by the proportion number of patients for each sub-

population, naive and non-naive cohorts. The weight factor w, based on a total follow up

time is also considered.

2.2.4 The Incidence Rates Ratio- Poisson regression
This approach was the extension of the person-time approach from previous list. When

covariates such as age and gender are added, the analyses are stratified by the covariates or
Poisson regression can be used (Halloran, et al., 2010).The number of events assumed to
follow Poisson distribution and model the mean of the number of events (expected value)
described as follows:

log(4)=X B +log(T) (22)
Where Ais the mean of the number of adverse events, X are covariates (vaccine/control, age,
etc), T is the follow up time and P are coefficients estimated by the model. The offset variable
log(T) is needed to account for possible different observation periods for different patients.
Poisson regression model with quasi likelihood adjustment of the standard error was used in
order to handle over dispersion issue. In this case, the relative risk (RR) is the incidence rate

ratio, ﬁﬁzexp(ﬁ), where A correspond to the parameter estimate for the covariate of

15



vaccine status (vaccine/control). The vaccine efficacy can be directly estimated from
following equation:

\7E:1—§\R:1—exp(/§) (23)

The variance of vaccine efficacy can be estimate from variance hazard ratio as follows:

e~ —~ —_~ 2 ——~ ~ e~ ——~ —_— —_~ —_— —_~

Var(RR):(RR) Var (), thus yield Var(VE)=Var(1—RR)=Var(RR).

The confidence interval for VE can be constructed using parameter estimate and its variance.
The weighted average of vaccine efficacy is estimated using the precision-based approach by
Haber et al (1991) as describe in equation (9). However, due to numerical complexity the
variance of weighted average VE based on precision approach for Poisson regression model
was not derived in this study. Another weighted average approach using weighted factor (w,

) as the proportion number of patients for each sub-population as well as total follow up time

were applied.

2.3 Example
The overview of the application of weighted average VE approaches that described in the

previous section show in the following example:

The HPV vaccine study for 5000 patients was randomly selected among the population. The
patients were divided into two treatment groups with the same proportion. The baseline HPV
status, naive and non-naive HPV, was checked before patients enter the study. The following
table shows the classification of the patients in the study.

Table 1. Classification of the Patients

Naive Non-Naive |
. : T
HPV Status # Patients Total Follow Up # Patients Total Follow Up Pat?:;ts
Event NoEvent Total Time (Year) Event NoEvent Total Time (Year)
Treatment Vaccine 12 1711 1723 6867.891 10 733 743 2958.936 2466
Group  Control 36 1683 1719 6822.150 38 777 815 3187.665 2534
Total Patients 3442 1558 5000

16



The estimate of vaccine efficacy using the methods from previous section shows in the
following table:

Table 2. The estimate of vaccine efficacy

RR Approach VE Approach VE 95% CI coverage
Attack Rate (AR) raw 0.857 ( 0.752 ; 0.922 ) 95.700
we_N 0.868 ( 0.766 ; 0.929 ) 95.700
we_hal 0.857 ( 0.752 ; 0.922 ) 96.800
we_pres 0883 ( 0.776 ; 0941 ) 97.684
Person Time Approach raw 0.857 ( 0.742 ; 0926 ) 96.400
we_N 0.867 ( 0.691 ; 0.951 ) 99.496
we_t 0.867 ( 0.691 ; 0.951 ) 99.496
we_hal 0856 ( 0.752 ; 0921 ) 96.878
we_pres 0.883 ( 0.720 ; 0.959 ) 98.389
Proportional Hazard Model raw 0.857 ( 0.743 ; 0.919 ) 94.400
we_N 0.867 ( 0.691 ; 0941 ) 99.295
we_t 0.867 ( 0.691 ; 0941 ) 99.295
we_pres 0.884 ( 0.713 ; 0.950 ) 99.200
Poisson Regression raw 0857 ( 0.816 ; 0.888 ) 60.900
we_N 0.867 ( 0.808 ; 0.908 ) 79.859
we_t 0.867 ( 0.808 ; 0.908 ) 79.557
we_pres 0.890 ( 0.833 ; 0923 ) 63.400

VE approach: raw: Raw of vaccine efficacy, we_hal: weighted average vaccine efficacy based on Halloran approach, we_N: general
weighted average vaccine efficacy based on sample size for each sub-population , we_pres : weighted average vaccine efficacy based on
precision approach, we_t: general weighted average vaccine efficacy based on total follow up time for each sub-population.

17
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3 Simulation Study

Different methods of estimating the weighted average vaccine efficacy (VE) related to
different relative risk (RR) described in previous sections was applied in the simulation. The
simulation was done in a population partitioned into two sub-populations of baseline HPV
status, naive and non-naive cohorts. The estimate of weighted average vaccine efficacy,
together with standard error, confidence interval (CI) and CI coverage as well as CI length
was calculated from simulated data. The comparison among estimator of different methods

was done under specific scenario.

3.1 Data Generation Method
The simulation was conducted under 3x3x2x2 conditions to evaluate the performance of

different methods of weighted average vaccine efficacy. Most clinical trials for HPV vaccine
contained a balanced design of two treatment groups, vaccinated and unvaccinated/control
group. For each group of treatment, the different baseline HPV status, naive and non-naive
cohort, was appearing in the population.

The duration of the follow-up was fixed at 4 years for all subjects. No dropped-out were
considered in this study. The follow-up time for the estimation of vaccine efficacy was
defined as the minimum between the time to the event and maximum follow up time (4
years). If there is no event during entire follow-up time period for a particular patient, the
follow up time for that of patient was defined as the maximum follow up time (4 years). Only
one event per subject was considered during the entire follow-up of the study.

The time to event was defined follows exponential distribution. Since it describes the time
between events in a Poisson process, i.e. a process in which events occur continuously and
independently at a constant average rate and assumed that the random external event are
causing the adverse event. The finding mean of follow up time in previous study was 34.9
months (2.9083 year) (HPV Patricia Study Group, 2009). Thus, in this study the time of event
was generated follows exponential distribution with parameter A equal 0.34384,

A =1/mean(time) .

Other scenarios for generating the data are considered in this study describe in the following
setting:

19



Data was randomly assign to n patients for balance design of two arms study, vaccinated and
unvaccinated group, where n=2,500 patients , n=5,000 patients, and n=10,000 patients.

1. For each treatment group, the different proportion of the baseline HPV status, naive
and non-naive cohort was considered in the study. The ratio between sub-population
naive and non-naive defined as follow: 50/50, 70/30 and 90/10.

2. The incidence rate (IR) of events in the naive sub-population was assumed to be lower
than those in the non-naive sub-population, since HPV vaccine works better for naive
population compared to non-naive population (FDA, 2006). The incidence rate of
events in the control group (IRc) was defined in the beginning. The incidence for
naive sub-population in the control group is made to be fixed (0.03), while in the non-
naive sub-population was defined equal to 0.05 and 0.1.

3. The vaccine efficacy in the naive sub-population was assumed to be higher than those
in the non-naive sub-population. The vaccine efficacy (VE) in the vaccine group for
naive sub-population was made to be fixed (0.9), while for non-naive sub-population
was defined equal to 0.8 and 0.5. Thus, the incidence rate of events in the vaccinated
group (IRv) simply derive from IR control group and VE vaccine group as defined in
equation (1) as follows:

VE :1—%, thus IR, = (1-VE) IR,

C

One thousand simulations were run under 36 conditions above for each weighted average
method. The simulation process was done using SAS 9.2 software. The codes are given in the
Appendix C. The generated data structure shows in the following table:

Table 3. The Structure of generated data

J Group Naive Case Censored Time
1 1 1 0 1 4.000
2 0 1 1 0 0.751
3 0 1 0 1 4.000
4 0 0 1 0 1.356
n 0 0 1 0 0.043

The generated data contained variable group with indicator 1 defines as the vaccinated group,

while 0 defines as unvaccinated/control group. The variable naive with indicator 1 defines as
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naive sub-population and 0 for non-naive. The variable case with indicator 1 defines if the
event occurs during the study and 0 when the event doesn’t occur. Moreover, the variable
time is the event time if the j™ patient has the event during study and variable censored is
defined as 0, otherwise the time is the maximum follow up time if the j™ patient doesn’t has
the event during study and variable censored is defined as 1.

3.2 Methods Comparison
Thousand simulations were run to completion for combinations of criteria on each weighted

average VE methods. The sample mean and standard deviation of vaccine efficacy, mean
standard error, mean squared error (MSE), mean of length for CI as well as the coverage for
CI of vaccine efficacy were computed from these simulations.

The standard deviation of sample VE was computed in order to see how closely individuals
within the sample differ from the sample mean of vaccine efficacy, while standard error is to
see how close to the population mean, the sample mean of VE is likely to be.

MSE was computed to quantify the different between values implied by an estimator and the
true value of quantifying being estimated. MSE assesses the quantify of an estimator in term
of its variation and biasedness. The closer MSE to zero the better parameter estimate is likely

to gain.

The coverage of Cl was computed in order to check the validity of Cl. Since in the study the
confidence interval was calculated based on nominal 95% CI, thus the actual coverage was
expected to be around 95%. In other words, about 95% intervals were computed during the

simulation process should contain the true value.

3.2.1 The Attack Rate Ratio Approach
The first sets of simulation when relative risk (RR) as attack rates approach present in

Appendix B1 (Table B1.1-B1.3). The estimate of vaccine efficacy based on attack rate (AR)
approach with different set criteria of sample size (n), the proportion of the number of
patients in naive and non-naive sub-population (Ratio naive: non-naive), the incidence rate in
the control group for naive and non-naive (IRc naive: non-naive) and the vaccine efficacy for

naive and non-naive (VE naive: non-naive).

The tables describe the raw vaccine efficacy (Equation (3)), the estimate of vaccine efficacy
that do not take into account the heterogeneity of the population; the weighted average

vaccine efficacy using Halloran approach (Equation (5)); general weighted average vaccine
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efficacy based on sample size for each sub-population (Equation (7)); and weighted average
vaccine efficacy based on a precision approach (Equation (9)). It shows that different criteria
give different estimates of vaccine efficacy. On average, under raw VE the estimate of
vaccine efficacy is less close to the true value compared to weighted average vaccine
efficacy. Among three approaches of weighted average vaccine efficacy, the estimate of
weighted average VE based on Halloran approach and general weighted average VE based on
sample size seems closer to the real value compared those on precision approach. The true
values were defined in equations (32) and (33) (Appendix A5).

The standard deviation of the sample of estimate VE (std VE) is very close to the mean
standard error VE (se VE), meaning that the deviation of estimate VE is close to the true value
of standard deviation. The raw VE, weighted average VE based on Halloran approach and
weighted average VE based on sample size produce a standard deviation for sample estimate
VE closer to the mean standard error VE compared to those on precisions based approach.
Moreover, the MSE value in average close to zero, raw VE has the highest MSE value
compared to weighted average VE approach. While among weighted average VE, the weighted
average VE precision based approach has the highest MSE. Meanwhile, general weighted
average VE based sample size for each sub-population gave the smallest MSE. These results

were in line with the bias measurement results.

Table 4. Percent Coverage ClI for Attack Rate (AR) Ratio Approach

Ratio 50:50 Ratio 70:30 Ratio 90:10
VE N VE 0.9:0.5 VE 0.9:0.8 VE 0.9:0.5 VE 0.9:0.8 VE 0.9:0.5 VE 0.9:0.8
Approach IRc IRc IRc IRc IRc IRc IRc IRc IRc IRc IRc IRc
0.03:0.05 0.03:0.10 0.03:0.05 0.03:0.10 _ 0.03:0.05 0.03:0.10 0.03:0.05 0.03:0.10  0.03:0.05 0.03:0.10 0.03:0.05 0.03:0.10
raw 2500 | 96.600 79500  96.100  92.700 95.000 71400 95800  92.400 96500  84.400  97.065  94.800
5000 | 92300 57400 94700  89.000 90.000  46.800 94700  89.200 94200  72.900  96.400  92.600
10000 | 87.400 26300 94100  84.500 82400 15400 94800  82.100 89.300 45500 94700  90.400
we _hal 2500 | 97.100 94800 96200  95.700 95900 96200  97.000  95.100 97.800 96500  97.773  97.100
5000 | 95.600  95.800  95.800  94.300 95900 95900 95100  95.700 96.800  96.100  96.700  95.400
10000 | 96200 94400  96.100  95.000 93700 95600  96.800  93.800 94300 94700 95500  95.500
we_N 2500 | 96.900 93800  96.100  93.600 9.700 95300 96400  93.900 98.100 95600  96.954  96.000
5000 | 95.200 94800  95.800  94.800 96.100 94300 95800  94.400 96500  94.600  96.900  94.600
10000 | 95900 94100 96500  94.200 94000 94900 96700  93.500 94600 95600 95300  95.000
we pres 2500 | 79.800 81700  83.800  84.200 86.600 91900  90.900  89.800 92600 94900  98.678  88.400
5000 | 55.700 78100  96.000  91.900 68.600 81100 95900  94.500 90.300  91.700  90.000  94.400
10000 | 30.000  59.600 93500  93.100 46.000 68200 94100  91.900 83700  88.600 94100  94.300

VE approach: raw: Raw of vaccine efficacy (Equation (3)), we_hal: weighted average vaccine efficacy based on Halloran approach (Equation
(5)), we_N: general weighted average vaccine efficacy based on sample size for each sub-population (Equation (7)), we_pres : weighted

average vaccine efficacy based on precision approach (Equation (9)).
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Table 4 shows the percent coverage for each criterion in the simulation process. It shows that
the coverage of raw VE is smaller compared to weighted average VE. The raw VE provided
very low actual coverage for the combination of IRc 0.03:0.10 with VE 0.9:0.5. In overall,
the actual coverage for raw VE is far from 95% that would have been expected.

Moreover, among the weighted average VE, the weighted average VE under precision
approach has the lowest coverage and the farthest from 95% especially in the combination of
VE 0,9:0.5 with others criterion. It shows that the coverage of VE 0,9:0.5 is smaller than
those on VE 0.9:0.8. The weighted average VE based on the precision-based approach show
permissive coverage with many of the nominally 95% CI capturing less than 95%. The
weighted average VE based on Halloran et. al approach as well as general weighted average
VE based on sample size provide better actual coverage than other approaches, the actual
coverage probability is around the nominal 95% CI.

Figure 1. Estimate of VE and Length CI for RR as Attack Rate Ratio
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N=10000; IRc 0.03:0.05 N=10000; IRc 0.03:0.1
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VE approach: raw: Raw of vaccine efficacy (Equation (3)), we_hal: weighted average vaccine efficacy based on Halloran approach (Equation (5)), we_N: general
weighted average vaccine efficacy based on sample size for each sub-population (Equation (7)), we_pres : weighted average vaccine efficacy based on precision
approach (Equation (9)).
From figure 1 above show that the estimate of VE and length of CI based on the relative risk
(RR) as Attack Rate (AR) ratio approach. In all settings, the estimator of VE and length of ClI
based on sample size (n) set to have specifications on 2,500; 5,000 and 10,000 performed
similarly. The estimate of VE slightly increases along with the decreasing the distance
between the estimate and true value when sample size increase. However, the length slightly

decreases with increasing sample size.

For the incidence rate of the control group (IRc) in naive and non-naive sub-population, the
estimate of VE is slightly higher in IRc 0.03:0.05 compared to IRc 0.03:0.1 with the same
pattern for all VE approach (raw VE and weighted average VE). Meanwhile, the estimate of
VE based on defined VE setting on naive and non-naive sub-population for specification VE
0.9:0.8 is higher for all VE approach (raw VE and weighted average VE) compared to VE
0.9:0.5. Moreover, the estimate of VE based on proportion number of patients in each sub-
population naive and non-naive (Ratio naive:non-naive) is increasing with the increasing of
proportion number of patients in naive sub-population as well as the decreasing of proportion

number of patients in non-naive sub-population.

3.2.2 The Person Time Approach
The second sets of simulation presented in Appendix B2 (Table B2.1-B2.3), the estimate of

vaccine efficacy based on person time approach with different set criteria as described in the
previous section. The tables describe raw vaccine efficacy (Equation (12) ); the weighted
average vaccine efficacy using Halloran approach (Equation (17)); general weighted average
vaccine efficacy based on sample size for each sub-population (Equation (7)); general
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weighted average vaccine efficacy based on total follow up time for each sub-population
(Equation (19)); and weighted average vaccine efficacy based on precision approach
(Equation (9)). It shows that different criteria produce different estimates of vaccine efficacy.
The true value was defined in equation (32) and (34) (Appendix Ab).

The estimate of raw VE is less close to the true value compared to weighted average vaccine
efficacy. Among three approaches of weighted average vaccine efficacy, the estimate of
weighted average VE under precision-based approach is less close to the true value,
meanwhile, estimate VE under Halloran approach is the closer to the true value. On average,
between two general weighted average VE approaches, the estimate of VE weighted by the
sample size is closer to the true value than those weighted by total follow up time approach.

In overall, the standard deviation for the sample of estimate VE (std VE) is very close to the
mean standard error VE (se VE). The estimate of weighted average VE based on precision
approach produce standard deviation of the sample mean farther to the mean standard error
compared to those other approaches, while RAW VE produce the closest one. However, the
MSE value in average close to zero, raw VE has the highest MSE value compared to
weighted average VE approach. The weighted average VE based on precision give the
highest value of MSE among the weighted average VE approaches, while general weighted
average VE based on total follow up time is the lowest one.

Table 5. Percent Coverage for Person Time Approach

Ratio 50:50 Ratio 70:30 Ratio 90:10
VE N VE 0.9:0.5 VE 0.9:0.8 VE 0.9:0.5 VE 0.9:0.8 VE 0.9:0.5 VE 0.9:0.8

Approach IRc IRc IRc IRc IRc IRc IRc IRc IRc IRc IRc IRc
0.03:0.0 0.03:0.1 0.03:0.0 0.03:0.1 _ 0.03:0.0 0.03:0.1 0.03:0.0 0.03:0.1  0.03:0.0 0.03:0.1 0.03:0.0 0.03:0.1

raw 2500| 92.400 75.500 96.200  93.600 93700 69.300 96.200  93.100 96.700 85900 97.874  95.700
5000| 90.100 54.300 95500  89.900 89.300 45.900 95300  90.100 95.100 75800 96.900  94.100

10000 86.300 24700  94.900  85.500 82.500 15.300 95400  83.800 90.600 48200 95800  91.700

we_hal 2500| 82.900 80.000 82.700  83.700 88.900  90.400 90.000  88.100 91.100 93500 97.654  88.000
5000| 93.400 94500 94700  92.100 95.600 95.600 94.800  95.100 96.600 96.300 90.100  94.900

10000] 96.200 94.000  96.100  94.100 93.800 95.000 96.800  94.500 94300 94900 95500  95.900

we_N 2500| 84.400 83.000 85000  86.700 91.300 93500 92.300  91.800 93200 95900 99.707  89.500
5000| 97.000 98.100 98.000  96.600 99.700  99.800  99.200  98.600 99.400 99.600 92400  98.200

10000] 99.800  99.400  99.800  99.700 99.000 99.800 99.600  99.700 99.500  99.600  99.400  99.400

we_pres 2500/ 81.800 81.600 85.000  86.000 86.100 91.300 92.300  91.700 92.600 95900 99.707  90.000
5000| 69.500 76.900  97.800  96.000 77.900 83700 98.200  97.400 93500 93.900 91.500  97.400

10000 46.200 65.200  96.500  96.500 59.900  75.300 97.900  98.600 89.600 92900 97.500  98.700

we_t 2500| 84.400 83.100 85000  86.700 91.300 93.500 92.300  91.800 93200 95900 99.707  89.500
5000| 97.100 98.100 98.100  96.500 99.700  99.800  99.200  98.600 99.400 99500 92400  98.200

10000/ 99.800  99.200  99.800  99.700 99.000 99.800  99.600  99.700 99.400 99500  99.400  99.300

VE approach: raw: Raw of vaccine efficacy (Equation (12)), we_hal: weighted average vaccine efficacy based on Halloran approach
(Equation (17)), we_N: general weighted average vaccine efficacy based on sample size for each sub-population (Equation (7) ), we_pres :
weighted average vaccine efficacy based on precision approach (Equation (9)), we_t: general weighted average vaccine efficacy based on
total follow up time for each sub-population (Equation (19)).
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The percent coverage for person time approach provide in Table 5. The coverage of raw VE
is smaller than the weighted average VE. While among the weighted average VE, the
weighted average VE under precision approach has the lowest coverage.

The raw VE approach and the weighted average VE based on the precision approach show
permissive coverage with many of the nominally 95% CI capturing less than 95%. For raw
VE, smaller actual coverage was gained especially in the combination of IRc 0.03:0.10 with
VE 0.9:0.5, while for weighted average VE based on precision approach in the combination
of VE0.9:0.5 with others.

Moreover, the general weighted average VE based on sample size for each sub-population as
well as total follow up time show conservative coverage, since many of the nominally 95%
ClI capture over 95% coverage, however, in average both of methods gave actual coverage
around 95%. Moreover, the weighted average VE based on Halloran et. al approach captures
the actual coverage probability close to the nominal 95%.

Figure 2. Estimate of VE and Length CI for RR as Person Time Approach

N=2500; IRc 0.03:0.05 N=2500; IRc 0.03:0.1

0.8

0.6

03

0.1

14
0.9 A

0.7 A

0.5 A
0.4 -

0.2 A

0 -

14
0.9 4
0.8
0.7 4
0.6
05 4
04 -
03
0.2 4
0.1

0 -

we_pres we_pres

N=5000; IRc 0.03:0.05 N=5000; IRc 0.03:0.1

0.8

0.6

03

0.1

14
0.9 A

0.7 A

0.5 A
0.4 -

0.2 A

0 -

14
0.9 4
0.8
0.7 4
0.6
05 4
04 -
03
0.2 4
0.1

0 -

we_pres we_pres

26




N=10000; IRc 0.03:0.05 N=10000; IRc 0.03:0.1
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VE approach: raw: Raw of vaccine efficacy (Equation (12)), we_hal: weighted average vaccine efficacy based on Halloran approach (Equation (17)), we_N:
general weighted average vaccine efficacy based on sample size for each sub-population (Equation (7) ), we_pres : weighted average vaccine efficacy based on
precision approach (Equation (9)), we_t: general weighted average vaccine efficacy based on total follow up time for each sub-population (Equation (19)).

The estimate of VE based on the relative risk (RR) as person time approach show in figure 2
seem to have the same pattern for each setting of sample size. However, the distance
between the estimate of VE and true value decrease with sample size increase for all VE
approach, raw VE and weighted average VE. The lengths of ClI also decrease as sample size

increase.

Increasing the incidence rate of the control group (IRc) in non-naive sub-population produced
a slightly lower estimate of VE for all VE approaches. The estimate of VE based on defined
VE setting on naive and non-naive sub-population for VE 0.9:0.8 is higher than VE 0.9:0.5
for all VE approach. Moreover, the estimate of VE is increasing as the ratio of population in

naive increase.

3.2.3 Hazard Ratio Approach
The third sets of simulation presented in Appendix B3 (Table B3.1-B3.3) using Cox

Proportional Hazard model in order to estimate vaccine efficacy with different set criteria as
described in the previous section.

The tables contain the estimate of VE using different approaches of VE: the raw vaccine
efficacy (Equation (21)); general weighted average vaccine efficacy based on sample size for
each sub-population (Equation (7)); general weighted average vaccine efficacy based on total
follow up time for each sub-population (Equation (19)); and weighted average vaccine
efficacy based on precision approach (Equation (9)).
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The estimate of raw VE and weighted average VE precision based approach are less close to
the true value compared to general weighted average vaccine efficacy based on sample size
and total follow up time. The true values of vaccine efficacy define as equations in equations
(32) (Appendix A5). Meanwhile, the estimate of VE for two approaches of general weighted
average VE, based on sample size for each sub-population and total follow up time, is almost
the same. However, raw VE and weighted average VE based on precision approach have the
highest MSE value compared to both general weighted average VE approaches. The MSE for
both general weighted average approaches produce almost the same value.

Table 6. Percent Coverage CI for Attack Proportional Hazard Approach

Ratio 50:50 Ratio 70:30 Ratio 90:10
VE N VE 0.9:0.5 VE 0.9:0.8 VE 0.9:0.5 VE 0.9:0.8 VE 0.9:0.5 VE 0.9:0.8
Approach IRc IRc IRc IRc IRc IRc IRc IRc IRc IRc IRc IRc
0.03:0.0 0.03:0.1 0.03:0.0 0.03:0.1  0.03:0.0 0.03:0.1 0.03:0.0 0.03:0.1  0.03:0.0 0.03:0.1 0.03:0.0 0.03:0.1
raw 2500( 90.200 71.300  94.595  90.900 91.000 62800 95281  90.000 94200 79.200 96360  93.065

5000| 88.100 49.800  94.400  87.100 85.700  41.400 94.200  87.300 92.800  70.400  95.800  90.800
10000{ 84.300 22.800 93.300  82.400 78.800  13.100  94.000  80.200 87.600 41.900 94500  89.100

we_N 2500| 98.822  99.400  99.647  99.194 99.235 99.148 98919  99.024 99.678 98.857 98680  98.113
5000 99.486  99.694  99.490  99.586 99.599  99.599  99.396  99.4%4 99.298  99.499 98921  98.384
10000] 99.600  99.299  99.900  99.800 99.099  99.800  99.500  99.700 98.900 99.500  99.499  98.900

we_pres  2500( 99.500 99.200 99.800  98.800 98.600 99.300  99.598  98.900 99.900  99.400  99.292  99.497
5000| 74.200 81.200  99.700  98.800 80.700 85200  99.300  98.600 95.000 94.800 98.800  98.600
10000] 46.000 65.600 97.000  96.500 59.800 75700  98.000  97.600 89.400 93.200 97.800  98.200

we_t 2500] 98.940 99520  99.647  99.194 99.235 99.148 98.919  99.024 99.678 98.857 98680 98.113
5000 99.486  99.796  99.490  99.586 99.599  99.699  99.396  99.4%4 99.298  99.499 98921  98.283
10000] 99.600  99.299  99.900  99.800 99.099  99.700  99.400  99.700 98.900 99.400  99.499  98.900

VE approach: raw: Raw of vaccine efficacy (Equation (21)), we_N: general weighted average vaccine efficacy based on sample size for
each sub-population (Equation (7)), we_pres : weighted average vaccine efficacy based on precision approach (Equation (9)), we_t: general

weighted average vaccine efficacy based on total follow up time for each sub-population (Equation (19)).

Table 6 shows that the coverage of raw VE is smaller and farther away from 95% that would
have been expected compared to weighted average VE especially in the combination of IRc
0.03:0.1 and VE 0.9:0.5. The weighted average VE based on precision approach show
permissive coverage with many of the nominally 95% CI capturing less than 95% in the
combination of VE 0.9:0.5 and ratio 50:50 as well as ratio 70:30. Meanwhile, the general
weighted average VE based on sample size for each sub-population as well as total follow up

time show conservative coverage, since many of the actual coverage capture over 95%.
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Figure 3. Estimate of VE and Length CI for RR as Hazard Rate Ratio

N=2500; IRc 0.03:0.05 N=2500; IRc 0.03:0.1

0.2 A
0.1
0 -

0.2 4
0.1 4
0 -

VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8 VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8

we_pres we_pres

N=5000; IRc 0.03:0.05 N=5000; IRc 0.03:0.1

0.3
0.2 A
0.1

0 -

03 7
0.2 4
0.1 4

0 -

VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8 VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8

we_pres we_pres

N=10000; IRc 0.03:0.05 N=10000; IRc 0.03:0.1

0.3
0.2
0.1

0 -

03 7
0.2 4
0.1 4

0 -

VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8 VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8

we_pres we_pres

m'VE - Ratio 50:50 m'VE - Ratio 70:30 ®'VE - Ratio 90:10
m Length CI - Ratio 50:50 m Length CI - Ratio 70:30 m Length CT - Ratio 90:10

VE approach: raw: Raw of vaccine efficacy (Equation (21)), we_N: general weighted average vaccine efficacy based on sample size for each sub-population
(Equation (7)), we_pres : weighted average vaccine efficacy based on precision approach (Equation (9)), we_t: general weighted average vaccine efficacy based
on total follow up time for each sub-population (Equation (19)).

Figure 3 present the estimate of VE and length of CI based on the relative risk (RR) as hazard
ratio approach. The distance between the estimate of VE and true value is decreasing with
sample size increase. Moreover, the length also decreases with increasing of sample size.
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For the incidence rate of the control group (IRc) in naive and non-naive sub-population, the
estimate of VE is slightly higher in IRc 0.03:0.05 compared to IRc 0.03:0.1. The estimate of
VE based on defined VE setting on naive and non-naive sub-population for VE 0.9:0.8 is
higher than VE 0.9:0.5 for all VE approach. The estimate of VE in Ratio 90:10 is higher than
those on Ratio 70:30 and Ratio 50:50. The estimate of VE is increasing as the proportion
number of population in naive sub-population increase. However, the estimate of raw VE is
lower than the estimate of the weighted average VE approaches. Moreover, the estimate of
the weighted average of VE under precision approach give the highest value, while the
estimate of both general weighted average VE approaches has almost the same estimate VE.

3.2.4 Poisson Regression Approach
The last sets of simulation presented in Appendix B4 (Table B4.1-B4.3) using Poisson

Regression model in order to estimate relative risks (RR) as a way to estimate vaccine
efficacy with different set criteria as explained in the previous section.

The estimate of VE using different approaches of VE was considered in the analysis: the raw
vaccine efficacy (Equation (23)); general weighted average vaccine efficacy based on sample
size for each sub-population (Equation (7));general weighted average vaccine efficacy based
on total follow up time for each sub-population (Equation (19)); and weighted average
vaccine efficacy based on precision approach (Equation (9)).

Under raw VE and weighted average VE based on precision, the estimate of vaccine efficacy
is farther to the true value compared to general weighted average vaccine efficacy. Both
general weighted average VE approaches based on sample size and total follow up time
produce almost the same estimate of VE and have smallest distance to the true value. The
true value of vaccine efficacy was defined in equations (32) (Appendix A5).

The estimate of raw VE produced a standard deviation for sample estimate VE (std VE)
slightly farther to the mean standard error (se VE) compared to those on both general
weighted average approaches. However, the MSE value in average close to zero. The
precision based approach has the highest MSE followed by raw VE. Meanwhile, both general
weighted averages VE have almost the same MSE, yet general weighted average VE based
on follow up time approach has a slightly higher MSE than those on general weighted
average VE based on sample size approach.
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Table 77. Percent Coverage CI for Poisson Regression Approach

Ratio 50:50 Ratio 70:30 Ratio 90:10
VE VE 0.9:0.5 VE 0.9:0.8 VE 0.9:0.5 VE 0.9:0.8 VE 0.9:0.5 VE 0.9:0.8

Approach IRc IRc IRc IRc IRc IRc IRc IRc IRc IRc IRc IRc
0.03:0.0 0.03:0.1 0.03:0.0 0.03:0.1 0.03:0.0 0.03:0.1 0.03:0.0 0.03:0.1  0.03:0.0 0.03:0.1 0.03:0.0 0.03:0.1

raw 2500 57.800 43.700 59.459  65.200 55.400 29500 62.651  57.800 55.800 39.800 55308 58.593
5000[ 56.500 21.600 62100 61.300 483800 13900 58800 54.700 56.400 30.000 56.800  55.200

10000 48.800  7.000  60.200  53.800 38300 2100 59.700  43.600 48300 12.100 56.500  53.900

we_N 2500 82.450 90.048 81647  87.327 82.842 89.137 80.973  80.586 80.344 83576 75220  76.804
5000[ 80.987 90.418 80.224  85.936 82.565 87.174  76.536  79.757 80.441 80.881 71629  70.909

10000[ 83.300 89.089  78.679  82.500 80.981  86.400 76.900  77.300 78600 82000 70.341  71.400

we_pres 2500 46.600 47.700 76.076  79.900 42.800 43700 72.088  71.400 59.500 57.100 73711 71357
5000[ 16.400 17.800 62.800  69.400 20.700 21400 62100 66.100 48100 45800 65.300 62.100

10000 2.300 4700  60.100 59.600 6.300 9200 60.600 62.500 36.100 36.300 60.300 63.100

we_t 2500 82.568 90.408 81765  87.327 83169 89.031 80.973  80.260 80.559 83680 75220 76.471
5000[ 80.987 90.622  80.428  85.936 82.565 86.373  76.435  79.453 80.542 80380 71521 71111

10000f 83.600 88.388  78.879  82.500 81481 85200 76.900 77.200 79.100 81800 70.140 71100

VE approach: raw:

Raw of vaccine efficacy (Equation (23)), we_N: general weighted average vaccine efficacy based on sample size for

each sub-population (Equation (7)), we_pres : weighted average vaccine efficacy based on precision approach (Equation (9)), we_t: general
weighted average vaccine efficacy based on total follow up time for each sub-population (Equation (19)).

The above table shows that the actual coverage of Poisson Regression based approach for all

VE approaches seem to have permissive coverage, since most of them have actual coverage

less than 95%. However, the coverage of raw VE is smaller compared to weighted average

VE. While among weighted average VE approaches, the actual coverage for both general

weighted average VE approach, weighted by sample size and follow up time have higher

coverage and closer to the nominal 95% compared to weighted average VE based on

precision approach. The raw VE and weighted average VE based on precision approach

provide the worst coverage and far from 95% that would have been expected especially in the
combination of IRc 0.3:0.1 and VE 0.9:0.5 for raw VE. Meanwhile for weighted average VE
based on precision give the worst coverage in the combination of VE 0.9:0.5 and Ratio 50:50

and 70:30.

Figure 4. Estimate of VE and Length CI for RR as Poisson Regression
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N=5000; IRc 0.03:0.05

N=5000; IRc 0.03:0.1

14
0.9
0.8 -
0.7
0.6
0.5 A
04
0.3
0.2
0.1

0 -

we_pres

VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8

14
0.9
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0.7
0.6 -
05 4
04
03 7
0.2
0.1 4

0 -
VE0.9:05 | VE0.9:0.8 | VE0.9:05 | VE0.9:0.8

VE0.9:05 | VE0.9:0.8 | VE0.9:0.5 | VE0.9:0.8

we_pres

N=10000; IRc 0.03:0.05

N=10000; IRc 0.03:0.1

1 1

0.9 0.9 -
0.8 - 0.8 -
0.7 0.7
0.6 - 0.6 -
05 05
0.4 - 04
0.3 A 03 4
0.2 0.2
0.1 A 0.1 4
0 0
VE0905‘VE0908 VE0905|VE0908

VE0905|VE0908 VE0905|VE0908 VE0905‘VE0908

|l

VE0.9:05 ‘ VE0.9:0.8

||

VE0.9:0.5 ‘VEUQUS

|

VE0.9:05 |VE0908

we_t

we_pres we_t we_N we_pres

we_N

®'VE - Ratio 90:10
m Length CT - Ratio 90:10

m'VE - Ratio 70:30
m Length CI - Ratio 70:30

m'VE - Ratio 50:50
m Length CI - Ratio 50:50

VE approach: raw: Raw of vaccine efficacy (Equation (23)), we_N: general weighted average vaccine efficacy based on sample size for each sub-population
(Equation (7)), we_pres : weighted average vaccine efficacy based on precision approach (Equation (9)), we_t: general weighted average vaccine efficacy based
on total follow up time for each sub-population (Equation (19)).

From figure 4 above shows that the estimate of VE and length of CI based on the relative risk
(RR) as Poisson regression approach. In average, the estimate of VE slightly increases along
with the decreasing the distance between the estimate and true value when sample size
increase. However, the length decreases with increasing sample size.

The estimate of VE is slightly higher in IRc 0.03:0.05 compared to IRc 0.03:0.1 with the
same pattern for all VE approach (raw VE and weighted average VE). Meanwhile, the
estimate of VE based on defined VE setting on naive and non-naive sub-population for VE
0.9:0.8 is higher than VE 0.9:0.5. The estimate of VE in Ratio 90:10 is the highest compared
to those on Ratio 70:30 and Ratio 50:50. The estimate of VE is increasing as the ratio of
population in naive increase. However, the estimate of raw VE is lower than those weighted
average VE approaches. Both of general weighted average approach, weighted on sample
size and total follow up time, have almost the same estimate VE. Meanwhile, the weighted

average VE based on precision approach give the highest VE among all VE approaches.
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4 Discussion and Conclusion

Vaccine efficacy has known as the risk reduction of the events in the vaccine group compared
to the unvaccinated/control group. The estimation of vaccine efficacy depends on the study
design, the structure of the population, the mixing patterns, the routes of transmission of the
infectious agent, the way the vaccine confers protection, the characteristics of the vaccination
program and the sampling procedure (Haber, et al., 1991). However, this requires information
on exposure to infection, which is often difficult or impossible to obtain. The incidence rate,
hazard rate, and the cumulative incidence (attack rates) are measures of disease frequency
that generally do not require knowledge of contact with infective.

The heterogeneity of the vaccine efficacy of the two sub-populations related to baseline HPV
status, naive and non-naive cohorts, need to be taken into account when estimating global
vaccine efficacy of the vaccine group compared to the unvaccinated/control group. A
weighted average vaccine efficacy, weighting on the baseline HPV status, was considered in
the analysis. The adoption from one of three general approaches was considered when
choosing the weighted factor: (1) the weighting factor may be chosen in order to achieve the
optimal precision in the estimate, (2) to reflect the relative importance of various sub-
population/strata or (3) to achieve the standardization of the results relative to standard
population (Kleinbaum, et al., 1982).

The estimate of vaccine efficacy based on different relative risk (RR) approach give the same
information on VE estimate. Choosing RR as the way to estimate vaccine efficacy related to
the objective of the study. Primary vaccine efficacy studies often report VE based on relative
events per person time as the cumulative of incidence rates, namely attack rate, when
assumed that all patients in the study have the same follow up time. In reality, this
assumption hardly fulfilled. Thus, the person time approach was considered for estimating
vaccine efficacy. When covariates added in the analysis, the analyses modeled by the
covariates or Poisson regression could be used. Under the assumption that the effect of the
vaccine is multiplicative, constant, and homogeneous, the Cox proportional hazards model
was used to estimate VE and requires only the ordering of the event time.

The estimate of raw VE estimated by the consideration on the homogenous population,
meaning that do not take into account the heterogeneity of the population. This condition

makes the raw VE produced the farthest estimate VE to the true value compared to weighted
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average VE. Thus, yield the smallest deviation and produce the actual coverage farther apart
from nominal 95% along with increasing sample size. The estimate raw VE was smaller than
those on weighted average VE for all RR approaches. Moreover, the condition yields the
same pattern for MSE.

Meanwhile, among weighted average VE, the precision-based weighted average vaccine
efficacy has a higher estimate VE than others weighted average VE approaches. However,
weighted average VE based on precision approach yield the largest difference between the
standard deviation for sample estimate VE and the mean standard error VE. It’s implied that
the weighted average VE based on precision approach was less close to the true value and has
higher MSE compared to others weighted average VE, since the precision based approach
produce the smallest weighted for estimator when the population is not homogenous.
Moreover, the actual coverage is farther apart from nominal 95% compared to others
weighted average VE approaches.

The general weighted average VE, weighted on sample size for each sub-population and total
follow up time gave almost the same result for all RR approaches. The heterogeneity in the
population using different characteristic for each sub-population was taking into account
when estimating vaccine efficacy. The number of patients for each sub-population was
considered as the weighted factors that differentiate naive and non-naive sub-population. This
condition yields the estimate of general weighted average VE produce higher VE and closer
to the real value compare that those on other weighted average VE approaches. Moreover, the
MSE produced by this method is the lowest one and the actual coverage is very close from
nominal 95% compared to others weighted average VE approaches.

The weighted average VE based on the Halloran approach for attack rate and person time
approach produce almost the same result as the general weighted average VE approaches.
The reason is that weighted average VE based on Halloran approach using the number of
patients for each sub-population and group as the weighted factor when estimating vaccine
efficacy. However, weighted average VE based on Halloran approach gave the smallest
distance between estimate VE and true value compared to those on general weighted average
VE.

The estimate of weighted vaccine efficacy is closer to the real value as the number of sample
increase. However, the length of CI slightly decreases with increasing sample size. Since
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larger sample sizes generally lead to increased precision when estimating unknown

parameters.

The estimate of weighted average VE is increasing as the ratio of population in the naive
increase along with the increasing of vaccine efficacy in non-naive sub-population.
Moreover, the estimate of weighted average VE is decreasing as the increasing of the
incidence rate of the control group for non-naive sub-population.

The increasing of incidence rate in the control group (IRc) for non-naive sub-population
yields the decreasing of estimate VE. The raw estimate of vaccine efficacy approach, give a
lower vaccine efficacy estimate compared to weighted average vaccine efficacy approach in
all RR approach. However, the estimate of VE increases as the ratio of population in naive
and non-naive (R naive:non-naive) increase, while for the length CI in most settings seem to

decrease as ratio naive and non-naive increase.

The discrepancy between actual and nominal coverage probability occur because of the
assumptions used in deriving a confidence interval are not met. In this case, approximating a
discrete distributional with continuous one. The approximation of the binomial distribution
with the normal distribution yields the farthest distance between actual and nominal coverage
probability. Another reason is there were excessive zero counts (no event) in the study that
may cause the deviation from the Poisson distribution, this condition yields the low actual
coverage for Poisson Regression approach in all VE methods.

The excessive of zero counts also yields the low coverage in the raw VE for all RR
measurement approaches when there were large different between incidence rate in control
group for naive and non-naive sub-population for low vaccine efficacy in non-naive sub-
population compared to naive. While for weighted average precision-based approach, low
actual coverage appear when there were large discrepancy between vaccine efficacy in naive

and non-naive sub-population.

The interpretation of estimate vaccine efficacy depends on which measurement risk is
operating. Although the estimates of vaccine efficacy are desirable, these are not always
estimable. Thus, the understanding summary vaccine efficacy estimates in light of the
underlying biology are important.

The weighted average VE approach, the approach that takes into account the heterogeneity of
the population, can provide the best estimate of VE and coverage probability compared to the
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approach that do not take into account the heterogeneity in the estimation. Among weighted
average VE approaches, both general weighted average VE approaches, general weighted
average VE based on sample size for each sub-population and based on total follow up time
give a better estimate of VE. However, the method that handles few events even zero events
in the study should be considered in the future in order to get better estimation of weighted
average vaccine efficacy.
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6 Appendix

A. Description of Equations

Al. Natural Logarithmic Transformation on Wald Confidence Interval
The estimate of (1-¢)100% confidence interval for VE is simply derived from Wald large-

sample confidence interval as \7Eizl_a,2 /a\r(\@) where z, ,, is the value of standard

normal distribution. The problem occurs when using this particular interval for VE is that
there is asymmetric in the distribution of possible values for VE, which is lead to distortion in

nominal confidence coefficient and cause uncover the true parameter value.

The natural logarithmic transformation is often used to transform highly skewed distribution
into one that approximately normal in appearance (Kleinbaum, et al., 1982). In this study, the
natural logarithmic transformation was applied on the logit scale of parameter estimate VE,
namely:

1i:Iogh(VE):Jog{i%§%§]. (24)

(1-)100% Wald large-sample confidence interval of n is obtained as follows:

Atz \Var(f). (25)

The variance of 77 can be derived using Delta methods as follows:
2

var ()~ =+ Var (VE). (26)

VE@—VE)
The desired upper and lower endpoints of the (1-«)100% Wald large-sample confidence

interval for VE are found by taking the back-transformed parameter of logit scale, namely

) o~ eﬁLL o~ eﬁUL
expit scale: VE .. = — and VEu. = —
1+e™ 1+e™

A2. The Variance Derivation for Weighted Average Vaccine Efficacy Halloran et. al for
Attack Rate
The weighted average of vaccine efficacy based on Halloran et. al described as following

expression:
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where k=1, 2, ...,K. In this study, K=2 which corresponding to naive and non-naive sub
populations. The weight defines as the proportion of patient enrolled in k™ sub-population for

each group vaccine and control, i.e:

K K
o, = N% and y,, = NV ,with the restrictions, Y a, =land D y, =1.
v c k=1 k=1

K
Zavk n(1-AR,)
And simply VE. =1- RR., where RR. = &

Zyck n(1- AR,

=1

X

The variance of weighted average of vaccine efficacy can be derived analytically from the
expression of variance of attack rate for k™ sub-population in each group that follow well-
known properties of the binomial distribution as follow:

Var (AR, ) = R (1-ARW) g Var (AR, ) = ARa (1- AR, )

vk ch

for vaccine and control group

respectively at k™ sub-population. Thus, the variance of In (1- AR, )in the vaccine group can

be derived using Delta Methods as follows:

@(In(l—A&k)):(m] Var (AR, ). 27)

The same expression applies to control group. Assuming that there is independency between

naive and non-naive sub-population, Furthermore, the variance of numerator expression of
K 5 1 2
RR. is: Var a, In(1-AR, ) |=> oy | ———=— | Var(AR,).
| Seemiose) - Sy veren

While the variance of denominator of RR. defines as:

Var(Zack n(1- AR, )] iafk (m]ZVar(ARck).

k=1 k=1

To define the variance of RR.can simply derive from natural logarithmic transformation
between the ratio of the numerator and denominator and assume that there is independency
between vaccine and control group yield the result:
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, Var(Za n(1-AR, ] Var(Za n(1- AR, )j
(Zavk n(1- AR, )]Z (Zack n(1- AR, )jz |

Var (RR.)=(RR.)

< L 1 i ARvk(l—ARvk)] K az[ 1 jz[ARck(l—ARck)]
; Vk((l_AR\/k)] ( Ny +é Ck (1_ARck) N - (29)

The variance of weighted vaccine efficacy can be estimated using Delta Method as follow:
\7a\r(\7lé) =Var(1— ﬁ\R)
- Var (RR.).

A3. The Variance Derivation for Weighted Average Vaccine Efficacy based on precision
for Person Time Approach

The estimates of weighted average vaccine efficacy define as: VE =1-RR. Where

, which is equivalent to RR = P

Xc/Tc (l_ p)

in the vaccinated group, p=X,/(X,+X,) . Thus, the variance of vaccine efficacy can be

—~ X,
RR = ,

, and p denote as the proportion of event

derived based on the log of the ratio of two binomial random variables as follow:

To simplify the estimation if variance, transformation of natural logarithmic was needed,

X T

yield: In(ﬁﬁ) = In[xv /TV]' The variance of estimate In(F/zﬁ) as described in (Halloran, et

al., 2010) as follows:

Var(ln(RR)) T.- XV+T°_X°,

T,X, T. X, 29
L L (29)
-+
X,

1 1
— .
T, X, T

C
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The variance of ﬁﬁsimply derived using Delta Methods as follows:
Var (RR) = RR Var (In(RR)),

XITY(1 1 1 1 (30)
= .
X T )\ X, T, X, T

v \ c c

r(1-p) T

2
This equivalent to equation: \7a\r(§§) = (L] (XiJrTiJrXiJr%]
Thus, the variance of VE as follows:
\7a\r(\7lé) =Var(1— ﬁ\R)

- Var (RR).
A4. The Variance Derivation for Weighted Average Vaccine Efficacy Halloran et. al for

Person Time Approach
The weighted average of vaccine efficacy for person time approach using Halloran et al is

defined as follows:

where T, and T, denote as total follow up time in years for K™ sub-population at vaccinated
and control group respectively. While X ,and X, denote the observed numbers of event at

the end of the study for k™ sub-population among control and vaccinated group. The weight
is defined as the proportion of patients enrolled in k™ sub-population for each group vaccine

and control, i.e:
N N . - S S
ay = M/ and 7 =/, with the restrictions, D a, =land )y, =1.
v c k=1 k=1

The weighted average vaccine efficacy defined as: VE. =1-RR., where RR is the relative

. iavk Xvk/T

risk for vaccine group to control group, RR. =1

zyck Xck /T

=1

The variance of risk for k™ sub-population between control and vaccinated group are defined
as follow:
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Var(ka /Tvk) Z(Xvk /
Var(Xy /Ty ) =(Xq /

T, ) x(1/ X, +1/T,) and,
T )2 (1 Xy +1/ Ty ).

The variance of the numerator and denominator of RR. are defined as:

K K
Var(Zavk X, /T, ] > oy Var (X, /T,
k=

k=1 1

K
Var(z;/ck (Xg ! Ty) ] D e Var (Xy /Ty

k=1

Thus the variance of RR.is defined using natural logarithmic transformation between the
ratio of the numerator and denominator and assume that there is independency between
vaccine and control group yield the result:

K K
, Var(;avk(ka/Tvk)] Var(;yck(xck/nk)] |
" R == |, yield :
[Z% (Xvk [Ty )] (Zm (Xck ITy )]
|\ k=1 k=1

2

Var (R ) =(R.)

K

Zavk Xvk/Tvk)
Var(RR) =R

Zyck (Xck /Tck)
k=1 (31)

iavj((ka IT, ) x(L X +11T,) Zyck (X /T (2 X 21T, |
k=1

@““ (Xu /Ty ))2 - {; Vo (Koo I Ty )T

The variance of weighted vaccine efficacy can be estimated using Delta Method as follows:

~

\7a\r(\7E.)=Var(1— ﬁ\R)

- Var RR.).

A5. The True value derivation methods
The derivation of true value vaccine efficacy is based on different approaches of VE and

simulation setting. The simulation setting is presented with different criteria: (1) the
proportion of the number of patient in naive and non-naive sub-population (Ratio naive: non-
naive), (2) the incidence rate in the control group for naive and non-naive (IRc naive: non-
naive), (3) vaccine efficacy (VE) for naive and non-naive (VE naive: non-naive) and (4) the
sample mean (n).
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The true value of vaccine efficacy was calculated based on the different VE approach. The
true value of raw VE, general weighted of VE based on sample size and follow up time as
well as weighted average VE based on precision approach defined as equation (7):

xVE (32)

naive non—naive

VE, = (Ratio,;,, xVE,;. )+ (Ratio

non—naive ) )

The true value the true value of weighted average VE based on Halloran et all defined as
equation (5) for the attack rate (AR) ratio approach as follows:

x In(l_ ((1 _VEnaive) X IRCnaive)))) + ( Rationon—naive X In(l_ ((1 _VEnon—naive) X Ichon—naive ))))
(Ratio,;,, xIn(1-IRc . ))+(Ratio xIN(L— IRC o _pive))

( Ratio, ;.

. (33)

VE, =1-

naive non—naive

Meanwhile, the true value the true value of weighted average VE based on Halloran et all
defined as equation (17) for person time approach is:

X ((1 _VEnaive) X IRCnaive)) + ( Rationon—naive x ((1 _VEnon—naive) x IRCnon—naive))
(Ratio, . x IRC, ) +( Ratio x IRC '

(Ratio

naive

VE, =1- (34)

naive non-naive non—naive)

A6. The Variance Derivation for Weighted Average Vaccine Efficacy Precision based
Approach for Attack Rate
The estimate of weighted average vaccine efficacy based on precision approach is defined as

follows: VE. = iwk@k/iwk  With W, =1/Var (VEx )
k-1 '

k=1

Where VE is the estimate of vaccine efficacy for k™ sub-population that can be derived using
the equation (3) and w, is a weight applied to k™ sub-population. From equation (4), the

estimate of weighted factor w, can be described as:

2
—~ \2
W, = {m('\'kﬂ /{ Xo +(1—VEk) Xo } (35)
ch_Xck va(va_Xvk) ch(ch_Xck)
The numerator part of W, can be described as:

N, [ N i

In| —*— 1| ={In| ——&—11,
ch _Xck ch _ARcchk

2

=(In _ Ne ,

N, (1—ARck)

=[-In(1-AR,)]’,
=[In(1-AR,)T.
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The variance of the numerator part from Equation (35) described as follow with information

of variance In(1- AR, )from equation(27) in Appendix 2 :

AR, (1— AR, )
N .

Var (In(1- AR, )) = (m] Var (AR, ), and Var (AR, ) =

ck
Using transformation of natural logarithm of numerator part of equation (35), the estimate

variance of numerator part W, yields as follows:

Var| (In(1- AR,))* |=4(In(1- AR,,)) Var (In(1- AR,)),

- 4(|n(1— ARck))2 {m] Var (AR, ),

(36)

1-AR,) N

AR
—4(In(1- AR, )| — e
( n( Ck)) ch (1_ARCk)

ck

1 ]2 AR, (1- AR, )

:4(|n(1—ARck))2((

The denominator part of W, in equation (35) can be described as follows:

X =\ Xk } AR, =\ ARy
+(1-VE, c = +(1-VE« :
|:va(va_Xvk) ( ) ch(ch_Xck) (va_ARkavk) ( ) (ch_ARck ck)
AR, =\ AR
= +(1-VEx :
o) ) )
The variance of ARy, defined using natural logarithmic transformation as follow:

(va (1_ARvk))

2

J Var (AR, ),

AR,

diIn—— ¥

AR, _ [ " (va (1_ AR, ))
) dAR,

_[(d(in AR, ~In(N, (2~ ARVk)))IVar(AR )
dARVk vk /1

1 1 jz ARvk (1_ ARvk )

+
ARvk (1_ AR\/k) va
) 1 " AR, (1-AR,)
- ARvk (1_ AR\/k) va ’
1

Xy (1=AR,)
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Thus using Delta Methods yields:

var AR, _ AR 2 1
o {( va (1_ ARvk ))} - [( va (1_ ARvk ))] Xvk (1_ ARvk ) .

ARy, defined as follows using logarithmic

(ch (1_ARck))

—~ 2
The variance of (1—VEk)

transformation approach:

In [(1—\75k )2 X (/;E{CZRck ))] ~2In (1—\/AEk ) + In[ . (/;E{C;Rck ))]. (37)

ARy ]defined as the same approach as before, yields:

(ch (1_ ARck ))

The variance of In[

— AR, 1 i
Va{ln(ch - ARck))\]:(ARck (1—ARck)] Var (AR, ),

I S
X (1= ARy)

The variance of 2In (1—\7I§k)yield as follows:

\7a\r(2In (1—\7Ek )) = 4Var(|n (1—\7Ek ))

4[(1_%)}r(@)

The estimate of variance VE, defined in the equation (4) and using the property of the
Cauchy-Schwarz inequality for estimating the covariance, the variance of equation (37)
yields as follow:

AR,

\ﬁa\r|n{(1_\7[§k)Zm]zva{zm(l_ﬁk)ﬂn[MJ}

z\fa\r(ZIn(l—\Ek ))+\7é\r(ln (ﬁ] + 2Cov{2ln (1—\7Ek), In {ﬁﬂ (38)

, 2
1 | oo ! ~__ | Var(VE :
z4{mJ Var(VEk)+m+2\/4 (1—\7Ek)} Var(VEk)Xm
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Thus, the estimate of variance (1—\7Ek)2 (N (1 v )) :
ck \+ 7 ck

— —~v AR, —~ v AR, 2 —~ ¢ AR,
Varl:(l—VEk) i (1_ARCk)):I:|:(1—VEk) i (1—ARck))} Varln{(l—va) (N (= A

The variance of denominator part of W, can be described as following:

AR,
( Ny (1- AR,

ar AR, N _/\k 2 AR, _Var AR, N
Y {(va(l_ARvk)) (1 vE ) (ch(l_ARck))] Y [(va(l_AR\/k))]

AR

2
The denominator part of W, : ) :
(Ng (1- ARy ))

)) +(1—\7Ek

~ \2
The Cov[ ARy 1—VEk) ARy, ]can be approximated using Cauchy—

(va (1_ARvk))1( (ch (1_ARck))

Schwarz inequality as follows:

AR,

COV[(NVk (l—ARvk))

,(1_\7Ek 2 AR

) (Ng (1—CkARck ))J = \/Var[(l\lvk (1AE€V;RW ))J Xvar((l_ﬁk )2 (N (fc/:Rck ))J

Thus the variance of denominator of W, yield as follow:

S R S N .V D SR
g [(vaa—m (- (cha—ARck))J [(wa—mﬂ X, (1-AR,)

~ ¢ MR, | e AR, (39)
{(1—VEk) o) (1—AR¢k))} Var |n{(1—VEk) AR (1—ARck))}

e e
, (N (1-AR,)) | X, (1-AR,)

[ et el )
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The variance of weighted factor w, describes using transformation of natural logarithm as

follow:

Suppose that the numerator of W, (equation (35)), (In(l— ARck))2 =a and denominator of W,

AR, —~ 2 AR, . )
, v +(1-VEx < =b. Thus, Inw, =Ina—Inb. The variance
[( va (1_ ARvk )) ( ) (ch (1_ ARck ))\] ‘

of a and b describes from equation (36) and (39) respectively, yields:

\7aTr(In W, )=Var(Ina)+Var(Inb)-2Cov(Ina,Inb),

~ (l)z\/ar (a)+ (%TVar (b)- ZJ(%)ZVar (a)var (b). (40)

a a

Thus yields:
Var (W, ) = W2Var (Inw, ). (41)
The weighted average vaccine efficacy based on precision approach defines as equation (9):

—~ K —~ K A > . . . .
VE. = ZWkVEk/Z W, . The variance of W VE« for each k™ sub-population is defines using
k=1

k-1

natural logarithmic transformation as follows:

\7aTr(In(vT/k\7Ek)) =Var (In Wk)+Var(In\7Ek)+ 2Cov(vA\/k ,\7Ek),

2 2
zVar(Inwk)+(\7Ek] Var(VEk)+2\/Var(In WK)X(VEJ Var(VEk).

—~ L~ o~ \2 —~ o~
Thus: Var(WkVEk):(WkVEk) Var(ln(kaEk)).
Assumed that there is independency between naive and non-naive sub-population, the

K —~
variance of numerator part of weighted average of vaccine eﬁicacy,zkaEk yield as
k=1

follows:
Py K o K o K P o
Var(zkaEk ] = Var(WVE«) = (W,VEx) Var(ln (W, VE. )) (42)
k=1 k=1 k=1

Meanwhile, the variance of denominator part of , weighted average vaccine efficacy,

VE. =) WVEk / > W, as follows:
k=1 k-1

\Ta\r(iwk] = S Var (i, ). (43)
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o~ K o K
The variance of weighted average vaccine efficacyVE. = ZWkVEk / z w, , described using
k-1

k=1
natural logarithmic transformation as follow:
— o~ o~ K o~ o K K P K
Var (InVE.) :Var(ln (ZWkVEk ]] +Var (In (zwk n -~ ZCov(In (ZWkVEk ] In (zwkn
k=1 k-1 k=1 k-1
2 2

ZWkVEk k=1 zwk k-1
k=1 k-1

K ~
2 W
Thus, the estimate variance of weighted average VE yields:

Var VE. ) = (VE. ) Var InVE. )

1

£ ~ _
L& 2% - (44)
z(VE.)

2 2

) J

A7. The Variance Derivation for Weighted Average Vaccine Efficacy based on Precision
based approach for Person Time Approach

The estimate of weighted average vaccine efficacy for person time approach is defined as:

VE. =3 WVE. /3 W, , with W, =1/Var (VEq|
k=1 k-1 !

Where VE,is the estimate of vaccine efficacy for k™ sub-population that can be derive using
the equation (12) and W, is a weight applied to k™ sub-population. From equation describe in

Appendix A3 and equation (16), the estimate of variance VE« can be describe as:
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e~ [~ e~ 2 — —_—
Var (VE« ) = RR, Var(ln(RRk)).
2
_ Xvk /Tvk Tvk — Xvk + Tck — Xck (45)
Xck /Tck Tkavk TckXck 1
X T, V(1 1 1 1
= +—+—+—1,
Xck /Tck Xvk Tvk Xck Tck

2
where VE, =1- RR. and RR, =| 2/ Tuc |
Xck /Tck

1
(]

Thus, the weighted factor w, can be defined as: W, =1/\7aTr(\/AEk ) =

The variance of the weighted factor can be derived using natural logarithmic transformation
as follows:

In(wk):—2In(I5R\k)—In(\//a\r(ln(I5R\k))).
The variance defined as:

Var(ln(\ivk)):4Var(In(RR )+Var( ( ar(ln(RRk )))+4Cov(|n(§R\k),In(\7a\r(ln(FTR\)))),
z4Var(In(RR )+Var(|n( (n(RRk ))) \/\/ar(ln RR ))xVar(In(@(ln(FTR\k)))).

From equation (45), the variance of ( (RRk )) can be describes as:

Var(ln(FTR\k)): i+i+i+i :
X Tvk Xck Tck

vk

=

(46)

Since in vaccine study the total follow up time in both groups are usually large, so that the
estimate of variance is approximated by the function of the number of cases in vaccinated and

control group:

Var(ln(FTR\k))z[Xi+xij. (47)

vk ck

Assumed independency between vaccine and control group, the variance of \7aTr(In(FTR\k))

defines as: Var (V/a\r(ln(FTR\k))) =Var [XLJ +Var(xi].
vk ck

Where IR, =X, /T, and IR, =X, /T, follow Binomial distribution with parameter

Bin(T,., X, /T ) and Bin(T,, X, /T, ) respectively. Thus, yield:
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z(—(ka)’z)ZVar(Tvk|Rvk)+(—(xck)’Z)ZVar(Tckchk), (48)
z(X )*4(1- )2(Xvk/Tvk)(l_Xvk/Tvk)+(X )4(1- )Z(Xck/Tck)(l_Xck/Tck)
w) (Tw T, o) (Ta T, ,
= ()2 X o) Xa) (o) * (0 X/ Ta) Xer )
Thus, using Delta Methods the variance of In(\//a\r(ln(FTR\k))) can be derives as:
A e - dIn\7a\rIn(I5R\k) 2/\/\ -
Var(ln(Var(In(RRk))))z (d\%(l(n(ﬁli))))) Var(Var(In(RRk))),
~ \Ta\r(v/e?r(ln(R/R\k))), (49)

\7a\r(ln(|5|:\’\k))

1 [(1— X To) X (1= xck/Tck)xck]
( 11 ]2 (Xu)* (Xa)' )
(XW) (Xw)

The variance of W, can be derives using Delta Methods as following with knowledge from

Q

equation (46) (47) and (49):
\7a\r(vAvk) = (W, )2\7a\r(|n\ka),
2

1 (50)

i )

Var (Inw, ).

The weighted average vaccine efficacy based on precision approach for Person Time

- K - K o~
Approach defines as: VE. =ZkaEk/Z\ivk. The variance of W VEx for each k™ sub-
k-1

k=1

population is defines using natural logarithmic transformation as follow:

\7aTr(In(vT/k\7Ek)):Var(lan/k)+Var(|n\7|§k)+2C0v(vT/k,\7Ek),

2 2
~Var (In Wk)+(\7Ek] Var(VEk)+2\/Var(In Wk)x(ﬁk] Var(VEk),

o1



where \7a\r(ln W, ) describes in equation (46) and \fa?(\@k)describes in equation (45). Thus,
— —~ —~ 2~ —~
yield: Var(WkVEk):(WkVEk) Var(ln(WkVEk)).

Assumed that there is independency between naive and non-naive sub-population, the

K —~
variance of numerator part of weighted average of vaccine efficacy, ZWkVEk yield as follow:
k=1

Var| 3V |- Svar (V) 33(VE ) Var (n (i )). (s
k=1 k=1

K
k=1

K
Meanwhile, the variance of denominator part of weighted average vaccine efficacy, zwk :
k-1

as follow:

\Ta\r(iwk] _ S Var (i, ). (52)

— K o K
The variance of weighted average vaccine efficacyVE. = ZWkVEk / z W, , describe using
k=1 k-1

natural logarithmic transformation as follow:

vAar(vaE.):@[un@wﬁkn@(m[iwkn_m(

k-1

EREEY)

2 2
1 - K — 1 o K
¥ Var(ZkaEkj+ - Var[Zv‘vkj—
ZWkVEk k=1 Zwk k-1
k=1 k-1
2 2
(K - (K
2 ||| = Var [Z kaEkj x| | Var [Zv“vkj
ZWkVEk k=1 Z "k k-1
k=1 k-1

Thus, the estimate variance of weighted average VE yields:

Var VE. ) = (VE. | Var (InVE.)

2 2
1 —~ (&~ 1 —~ (& .
. Var(ZkaEijr - Var(Zwkj—
> W, VE, = 3, i (53)
o~ \2 k=1 k-1
~(VE. ) - -
1 —~ (& .~ 1 (&K
2 ﬁ Val’ (ZWkVEkj X K Val’ (Z Akj
ZWkVEk k=t Z W, k1
k=1 k-1
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B. Tablesand Figures

B1.1. Parameter Estimate of Vaccine efficacy for Attack Rate (AR) approach with n=2500

VE 'I'?at.io VE "IR-c True VE stdVE se VE bias MSE length cowerage
Aproach naive:non naive:non naive:non  Value squared Cl Cl
2500 raw 50:50 0.9:0.5 0.03:0.05 0.700 0.641 0.101 0.099 0.004 0014 0371  96.600
0.03.0.1 0.700 0.597 0.088 0.083 0.011 0018 0314  79.500

0.9:0.8 0.03:0.05 0.850 0.838 0.063 0.061 0.000 0.004 0244  96.100

0.03.0.1 0.850 0.824 0.051 0.050 0.001 0.003 0197 92700

70:30 0.9:0.5 0.03:0.05 0.780 0.732 0.089 0.087 0.002 0010 0331 95000

0.03.0.1 0.780 0.663 0.089 0.084 0.014 0022 0318 71400

0.9:0.8 0.03:0.05 0.870 0.857 0.060 0.060 0.000 0.004 0244 95800

0.03.0.1 0.870 0.841 0.056 0.053 0.001 0.004 0213 92400

90:10 0.9:0.5 0.03:0.05 0.860 0.834 0.070 0.069 0.001 0006 0277  96.500

0.03.0.1 0.860 0.792 0.072 0.073 0.005 0010 0287  84.400

0.9:0.8 0.03:0.05 0.890 0.882 0.058 0.056 0.000 0003 0239 97.065

0.03:0.1 0.890 0.870 0.056 0.056 0.000 0004 0230  94.800

we_hal 50:50 0.9:0.5 0.03:0.05 0.654 0.640 0.102 0.100 0.000 0011 0372  97.100
0.03:0.1 0.600 0.597 0.089 0.083 0.000 0.008 0314  94.800

0.9:0.8 0.03:0.05 0.840 0.838 0.063 0.061 0.000 0.004 0244  96.200

0.03.0.1 0.829 0.825 0.051 0.050 0.000 0003 0196 95700

70:30 0.9:0.5 0.03:0.05 0.736 0.730 0.090 0.087 0.000 0.008 0332 95900

0.03.0.1 0.670 0.662 0.090 0.084 0.000 0008 0319  96.200

0.9:0.8 0.03:0.05 0.861 0.857 0.060 0.060 0.000 0.004 0244  97.000

0.03.0.1 0.846 0.842 0.056 0.053 0.000 0003 0211 95100

90:10 0.9:05 0.03:0.05 0.839 0.834 0.070 0.069 0.000 0005 0278  97.800

0.03.0.1 0.794 0.790 0.073 0.074 0.000 0005 0289 96500

0.9:0.8 0.03:0.05 0.886 0.882 0.058 0.057 0.000 0003 0239 97.773

0.03.0.1 0.876 0.870 0.056 0.056 0.000 0003 0229 97.100

we_N 50:50 0.9:0.5 0.03:0.05 0.700 0.687 0.093 0.092 0.000 0009 0345  96.900
0.03.0.1 0.700 0.701 0.072 0.068 0.000 0005 0260  93.800

0.9:0.8 0.03:0.05 0.850 0.848 0.061 0.060 0.000 0.004 0242  96.100

0.03.0.1 0.850 0.848 0.054 0.051 0.000 0003 0202  93.600

70:30 0.9:05 0.03:0.05 0.780 0.771 0.084 0.080 0.000 0007 0310 96.700

0.03.0.1 0.780 0.775 0.065 0.064 0.000 0004 0249 95300

0.9:0.8 0.03:0.05 0.870 0.866 0.059 0.059 0.000 0.004 0242  96.400

0.03.0.1 0.870 0.868 0.055 0.052 0.000 0003 0209  93.900

90:10 0.9:05 0.03:0.05 0.860 0.845 0.076 0.075 0.000 0006 0294 98100

0.03:0.1 0.860 0.856 0.060 0.059 0.000 0004 0237 95600

0.9:0.8 0.03:0.05 0.890 0.884 0.060 0.058 0.000 0.004 0247  96.954

0.03:0.1 0.890 0.886 0.055 0.053 0.000 0003 0226  96.000

we_pres  50:50 0.9:05 0.03:0.05 0.700 0.795 0.100 0.087 0.009 0019 0349  79.800
0.03.0.1 0.700 0.755 0.098 0.083 0.003 0013 0327 81700

0.9:0.8 0.03:0.05 0.850 0.861 0.058 0.061 0.000 0003 0253  83.800

0.03.0.1 0.850 0.847 0.048 0.052 0.000 0.002 0209 84200

70:30 0.9:05 0.03:0.05 0.780 0.856 0.077 0.068 0.006 0012 0287  86.600

0.03.0.1 0.780 0.827 0.083 0.070 0.002 0009 0286 91900

0.9:0.8 0.03:0.05 0.870 0.882 0.056 0.057 0.000 0.003 0245  90.900

0.03.0.1 0.870 0.870 0.055 0.052 0.000 0003 0217  89.800

90:10 0.9:0.5 0.03:0.05 0.860 0.887 0.057 0.058 0.001 0.004 0248  92.600

0.03.0.1 0.860 0.877 0.062 0.058 0.000 0.004 0248  94.900

0.9:0.8 0.03:0.05 0.890 0.891 0.055 0.056 0.000 0003 0241 98678

0.03:0.1 0.890 0.891 0.051 0.053 0.000 0.003  0.226  88.400

VE approach: raw: Raw of vaccine efficacy (Equation (3)), we_hal: weighted average vaccine efficacy based on Halloran approach
(Equation (5)), we_N: general weighted average vaccine efficacy based on sample size for each sub-population (Equation (7)), we_pres :
weighted average vaccine efficacy based on precision approach (Equation (9)).
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B1.2. Parameter Estimate of Vaccine efficacy for Attack Rate (AR) approach with n=5000

VE f{at-lo VE "IR-c True VE stdVE se VE bias MSE  length CI cowerage
Aproach naive:non naive:non naive:non  Value squared Cl
5000 raw 50:50 0.9:05 0.03:0.05 0.700 0.655 0.069 0.068 0.002 0.007 0.261 92.300
0.03:0.1 0.700 0.598 0.056 0.059 0.010 0.014 0.226 57.400

0.9:08 0.03:0.05 0.850 0.837 0.043 0.043 0.000 0.002 0.171 94.700

0.03:0.1 0.850 0.825 0.035 0.035 0.001 0.002 0.139 89.000

70:30 0.9:05 0.03:0.05 0.780 0.733 0.061 0.061 0.002 0.006 0.236 90.000

0.03:0.1 0.780 0671 0.058 0.058 0.012 0.015 0.225 46.800

0.9:08 0.03:0.05 0.870 0.859 0.043 0.042 0.000 0.002 0.167 94.700

0.03.0.1 0.870 0.843 0.038 0.037 0.001 0.002 0.148 89.200

90:10 0.9:05 0.03:0.05 0.860 0.838 0.046 0.048 0.000 0.003 0.191 94.200

0.03:0.1 0.860 0.797 0.051 0.051 0.004 0.007 0.201 72.900

0.9:08 0.03:0.05 0.890 0.886 0.039 0.039 0.000 0.002 0.160 96.400

0.03.0.1 0.890 0.873 0.040 0.039 0.000 0.002 0.157 92.600

we_hal 50:50 0.9:05 0.03:0.05 0.654 0.654 0.070 0.068 0.000 0.005 0.261 95.600
0.03.0.1 0.600 0.598 0.057 0.059 0.000 0.003 0.226 95.800

0.9:08 0.03:0.05 0.840 0.837 0.043 0.043 0.000 0.002 0171 95.800

0.03.0.1 0.829 0.826 0.035 0.035 0.000 0.001 0.138 94.300

70:30 0.9:05 0.03:0.05 0.736 0.732 0.062 0.061 0.000 0.004 0.237 95.900

0.03.0.1 0.670 0.670 0.059 0.059 0.000 0.003 0.226 95.900

0.9:08 0.03:0.05 0.861 0.859 0.043 0.042 0.000 0.002 0.167 95.100

0.03.0.1 0.846 0.844 0.037 0.037 0.000 0.001 0.147 95.700

90:10 0.9:05 0.03:0.05 0.839 0.838 0.047 0.048 0.000 0.002 0.192 96.800

0.03:0.1 0.794 0.795 0.052 0.052 0.000 0.003 0.202 96.100

0.9:08 0.03:0.05 0.886 0.886 0.039 0.039 0.000 0.002 0.160 96.700

0.03.0.1 0.876 0.873 0.040 0.039 0.000 0.002 0.157 95.400

we_N 50:50 0.9:05 0.03:0.05 0.700 0.703 0.063 0.061 0.000 0.004 0.236 95.200
0.03:0.1 0.700 0.703 0.047 0.047 0.000 0.002 0.184 94.800

0.9:08 0.03:0.05 0.850 0.848 0.041 0.042 0.000 0.002 0.167 95.800

0.03.0.1 0.850 0.851 0.035 0.035 0.000 0.001 0.138 94.800

70:30 0.9:05 0.03:0.05 0.780 0.776 0.055 0.055 0.000 0.003 0213 96.100

0.03.0.1 0.780 0.784 0.044 0.044 0.000 0.002 0.171 94.300

0.9:08 0.03:0.05 0.870 0.870 0.041 0.040 0.000 0.002 0.161 95.800

0.03.0.1 0.870 0.871 0.037 0.036 0.000 0.001 0.145 94.400

90:10 0.9:05 0.03:0.05 0.860 0.857 0.046 0.046 0.000 0.002 0.185 96.500

0.03.0.1 0.860 0.862 0.041 0.040 0.000 0.002 0.160 94.600

0.9:08 0.03:0.05 0.890 0.890 0.039 0.039 0.000 0.002 0.160 96.900

0.03:0.1 0.890 0.890 0.040 0.037 0.000 0.002 0.152 94.600

we_pres  50:50 0.9:05 0.03:0.05 0.700 0.826 0.078 0.058 0.016 0.022 0.237 55.700
0.03:0.1 0.700 0.778 0.086 0.059 0.006 0.014 0.236 78.100

0.9:08 0.03:0.05 0.850 0.867 0.047 0.043 0.000 0.003 0.175 96.000

0.03:0.1 0.850 0.851 0.040 0.036 0.000 0.002 0.146 91.900

70:30 0.9:05 0.03:0.05 0.780 0.864 0.058 0.047 0.007 0.010 0.194 68.600

0.03:0.1 0.780 0.836 0.065 0.049 0.003 0.007 0.198 81.100

0.9:08 0.03:0.05 0.870 0.885 0.043 0.040 0.000 0.002 0.164 95.900

0.03:0.1 0.870 0.869 0.042 0.037 0.000 0.002 0.148 94.500

90:10 0.9:05 0.03:0.05 0.860 0.892 0.043 0.040 0.001 0.003 0.165 90.300

0.03:0.1 0.860 0.883 0.047 0.041 0.001 0.003 0.166 91.700

0.9:08 0.03:0.05 0.890 0.899 0.038 0.038 0.000 0.002 0.157 90.000

0.03:0.1 0.890 0.892 0.041 0.037 0.000 0.002 0.152 94.400

VE approach: raw: Raw of vaccine efficacy (Equation (3)), we_hal: weighted average vaccine efficacy based on Halloran approach
(Equation (5)), we_N: general weighted average vaccine efficacy based on sample size for each sub-population (Equation (7)), we_pres :
weighted average vaccine efficacy based on precision approach (Equation (9)).
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B1.3. Parameter Estimate of Vaccine efficacy for Attack Rate (AR) approach with n=10000

VE f{at-lo VE "IR-c True VE stdVE se VE bias MSE  length CI cowerage
Aproach naive:non naive:non naive:non  Value squared Cl
10000 raw 50:50 0.9:05 0.03:0.05 0.700 0.655 0.046 0.048 0.002 0.004 0.186 87.400
0.03:0.1 0.700 0.600 0.042 0.041 0.010 0.012 0.161 26.300

0.9:08 0.03:0.05 0.850 0.839 0.030 0.030 0.000 0.001 0.119 94.100

0.03.0.1 0.850 0.828 0.025 0.025 0.000 0.001 0.097 84.500

70:30 0.9:05 0.03:0.05 0.780 0.736 0.046 0.043 0.002 0.004 0.167 82.400

0.03:0.1 0.780 0.670 0.041 0.041 0.012 0.014 0.160 15.400

0.9:08 0.03:0.05 0.870 0.860 0.029 0.030 0.000 0.001 0117 94.800

0.03:0.1 0.870 0.844 0.027 0.026 0.001 0.001 0.104 82.100

90:10 0.9:05 0.03:0.05 0.860 0.838 0.036 0.034 0.000 0.002 0.135 89.300

0.03.0.1 0.860 0.793 0.037 0.037 0.004 0.006 0.143 45.500

0.9:08 0.03:0.05 0.890 0.886 0.029 0.028 0.000 0.001 0.111 94.700

0.03:0.1 0.890 0.874 0.028 0.027 0.000 0.001 0.109 90.400

we_hal 50:50 0.9:05 0.03:0.05 0.654 0.654 0.047 0.048 0.000 0.002 0.186 96.200
0.03.0.1 0.600 0.600 0.042 0.041 0.000 0.002 0.161 94.400

0.9:08 0.03:0.05 0.840 0.839 0.030 0.030 0.000 0.001 0.119 96.100

0.03:0.1 0.829 0.829 0.025 0.024 0.000 0.001 0.096 95.000

70:30 0.9:05 0.03:0.05 0.736 0.734 0.046 0.043 0.000 0.002 0.168 93.700

0.03:0.1 0.670 0.669 0.042 0.041 0.000 0.002 0.161 95.600

0.9:08 0.03:0.05 0.861 0.860 0.029 0.030 0.000 0.001 0117 96.800

0.03:0.1 0.846 0.845 0.027 0.026 0.000 0.001 0.103 93.800

90:10 0.9:05 0.03:0.05 0.839 0.838 0.036 0.034 0.000 0.001 0.135 94.300

0.03:0.1 0.794 0.792 0.038 0.037 0.000 0.001 0.144 94.700

0.9:08 0.03:0.05 0.886 0.886 0.029 0.028 0.000 0.001 0111 95.500

0.03:0.1 0.876 0.875 0.028 0.027 0.000 0.001 0.109 95.500

we_N 50:50 0.9:05 0.03:0.05 0.700 0.704 0.042 0.043 0.000 0.002 0.167 95.900
0.03:0.1 0.700 0.706 0.033 0.033 0.000 0.001 0.129 94.100

0.9:08 0.03:0.05 0.850 0.851 0.028 0.029 0.000 0.001 0.115 96.500

0.03:0.1 0.850 0.854 0.025 0.024 0.000 0.001 0.096 94.200

70:30 0.9:05 0.03:0.05 0.780 0.781 0.040 0.038 0.000 0.002 0.148 94.000

0.03:0.1 0.780 0.784 0.031 0.031 0.000 0.001 0.120 94.900

0.9:08 0.03:0.05 0.870 0.871 0.028 0.028 0.000 0.001 0.112 96.700

0.03:0.1 0.870 0.872 0.026 0.025 0.000 0.001 0.101 93.500

90:10 0.9:05 0.03:0.05 0.860 0.859 0.033 0.032 0.000 0.001 0.125 94.600

0.03:0.1 0.860 0.861 0.028 0.028 0.000 0.001 0112 95.600

0.9:08 0.03:0.05 0.890 0.891 0.028 0.027 0.000 0.001 0.109 95.300

0.03.0.1 0.890 0.891 0.027 0.026 0.000 0.001 0.105 95.000

we_pres  50:50 0.9:05 0.03:0.05 0.700 0.830 0.058 0.041 0.017 0.020 0.165 30.000
0.03:0.1 0.700 0.778 0.063 0.042 0.006 0.010 0.166 59.600

0.9:08 0.03:0.05 0.850 0.864 0.035 0.030 0.000 0.001 0.120 93.500

0.03.0.1 0.850 0.851 0.031 0.025 0.000 0.001 0.100 93.100

70:30 0.9:05 0.03:0.05 0.780 0.863 0.041 0.034 0.007 0.009 0.136 46.000

0.03.0.1 0.780 0.834 0.049 0.035 0.003 0.005 0.139 68.200

0.9:08 0.03:0.05 0.870 0.882 0.031 0.029 0.000 0.001 0.114 94.100

0.03:0.1 0.870 0.867 0.031 0.026 0.000 0.001 0.102 91.900

90:10 0.9:05 0.03:0.05 0.860 0.890 0.032 0.029 0.001 0.002 0.115 83.700

0.03:0.1 0.860 0.881 0.033 0.029 0.000 0.002 0117 88.600

0.9:08 0.03:0.05 0.890 0.898 0.029 0.027 0.000 0.001 0.109 94.100

0.03:0.1 0.890 0.890 0.028 0.026 0.000 0.001 0.105 94.300

VE approach: raw: Raw of vaccine efficacy (Equation (3)), we_hal: weighted average vaccine efficacy based on Halloran approach
(Equation (5)), we_N: general weighted average vaccine efficacy based on sample size for each sub-population (Equation (7)), we_pres :
weighted average vaccine efficacy based on precision approach (Equation (9)).
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B2.1. Parameter Estimate of Vaccine efficacy for Person Time Approach with n=2500

N VE [?at-lo VE "IR-c True VE stdVE  seVE bias MSE length  coverage
Aproach naive:non naive:non naive:non  Value squared Cl cl
2500 raw 50:50 0.9:05 0.03:0.05 0.700 0.640 0.101 0.100 0.004 0.014 0434 92400
0.03.0.1 0.700 0.59 0.088 0.084 0.011 0.019 0350 75500
0.9:08 0.03:0.05 0.850 0.838 0.063 0.061 0.000 0.004 0275 96200
0.03.0.1 0.850 0.824 0.051 0.050 0.001 0.003 0216 93600
70:30 0.9:05 0.03:0.05 0.780 0.731 0.090 0.087 0.002 0.010 038 93700
0.03.0.1 0.780 0.662 0.089 0.084 0.014 0.022 0361  69.300
0.9:08 0.03:0.05 0.870 0.857 0.061 0.060 0.000 0.004 0276 96200
0.03.0.1 0.870 0.840 0.056 0.053 0.001 0.004 0236 93100
90:10 0.9:05 0.03:0.05 0.860 0.834 0.070 0.069 0.001 0.006 0320  96.700
0.03.0.1 0.860 0.792 0.072 0.074 0.005 0.010 0330 85900
0.9:08 0.03:0.05 0.8%0 0.883 0.059 0.057 0.000 0.004 0269  97.874
0.03.0.1 0.8%0 0.870 0.056 0.056 0.000 0.004 0259 95700
we_hal 5050 0.9:05 0.03:0.05 0.650 0.639 0.102 0.102 0.000 0.011 0379 82900
0.03.0.1 0.592 0.59 0.089 0.085 0.000 0.008 0320  80.000
0.9:08 0.03:0.05 0.837 0.838 0.063 0.063 0.000 0.004 0250 82700
0.03.0.1 0.823 0.825 0.051 0.051 0.000 0.003 0200 83700
70:30 0.9:05 0.03:0.05 0.733 0.730 0.090 0.089 0.000 0.008 0338  88.900
0.03.0.1 0.665 0.661 0.090 0.085 0.000 0.008 0323 90400
0.9:08 0.03:0.05 0.858 0.857 0.060 0.061 0.000 0.004 0248 90.000
0.03.0.1 0.841 0.841 0.056 0.054 0.000 0.003 0215 88100
90:10 0.9:05 0.03:0.05 0.837 0.833 0.070 0.071 0.000 0.005 0283 91100
0.03.0.1 0.792 0.790 0.073 0.075 0.000 0.005 0293 93500
0.9:08 0.03:0.05 0.884 0.882 0.059 0.061 0.000 0.003 0251  97.654
0.03.0.1 0873 0.870 0.056 0.057 0.000 0.003 0234 88000
we_N 50:50 0.9:05 0.03:0.05 0.700 0.686 0.093 0.094 0.000 0.009 0606  84.400
0.03.0.1 0.700 0.701 0.072 0.071 0.000 0.005 0467  83.000
0.9:08 0.03:0.05 0.850 0.847 0.061 0.063 0.000 0.004 0445 85000
0.03.0.1 0.850 0.848 0.054 0.054 0.000 0.003 0371  86.700
70:30 0.9:05 0.03:0.05 0.780 0.771 0.084 0.083 0.000 0.007 0553 91300
0.03.0.1 0.780 0.775 0.065 0.066 0.000 0.004 0433 93500
0.9:08 0.03:0.05 0.870 0.866 0.060 0.061 0.000 0.004 0423 92300
0.03.0.1 0.870 0.868 0.055 0.054 0.000 0.003 0354 91800
90:10 0.9:05 0.03:0.05 0.860 0.845 0.076 0.077 0.000 0.006 0853 93200
0.03.0.1 0.860 0.855 0.060 0.060 0.000 0.004 0399 95900
0.9:08 0.03:0.05 0.8%0 0.885 0.061 0.063 0.000 0.004 0591 99707
0.03.0.1 0.8%0 0.887 0.055 0.055 0.000 0.003 0344 89500
we_pres 5050 0.9:05 0.03:0.05 0.700 0.795 0.100 0.176 0.009 0.019 0504 81800
0.03.0.1 0.700 0.756 0.098 0.206 0.003 0.013 0432 81600
0.9:08 0.03:0.05 0.850 0.861 0.058 0.094 0.000 0.003 0401 85000
0.03.0.1 0.850 0.847 0.048 0.088 0.000 0.002 0313  86.000
70:30 0.9:05 0.03:0.05 0.780 0.856 0.077 0.109 0.006 0.012 03%  86.100
0.03.0.1 0.780 0.827 0.083 0.140 0.002 0.009 0378 91300
0.9:08 0.03:0.05 0.870 0.882 0.056 0.079 0.000 0.003 0380 92300
0.03.0.1 0.870 0.870 0.055 0.080 0.000 0.003 0325 91700
90:10 0.9:05 0.03:0.05 0.860 0.887 0.057 0.068 0.001 0.004 0342 92600
0.03.0.1 0.860 0.877 0.062 0.079 0.000 0.004 033 95900
0.9:08 0.03:0.05 0.8%0 0.891 0.055 0.064 0.000 0.003 0362  99.707
0.03.0.1 0.8%0 0.890 0.052 0.067 0.000 0.003 0343 90.000
we_t 50:50 0.9:05 0.03:0.05 0.700 0.687 0.092 0.094 0.000 0.009 0605  84.400
0.03.0.1 0.700 0.703 0.072 0.071 0.000 0.005 0468 83100
0.9:08 0.03:0.05 0.850 0.848 0.061 0.063 0.000 0.004 0445 85000
0.03.0.1 0.850 0.848 0.055 0.054 0.000 0.003 0373  86.700
70:30 0.9:05 0.03:0.05 0.780 0.771 0.084 0.082 0.000 0.007 0551 91300
0.03.0.1 0.780 0.777 0.064 0.065 0.000 0.004 0431 93500
0.9:08 0.03:0.05 0.870 0.866 0.060 0.061 0.000 0.004 0423 92300
0.03.0.1 0.870 0.868 0.056 0.054 0.000 0.003 0354 91800
90:10 0.9:05 0.03:0.05 0.860 0.845 0.076 0.077 0.000 0.006 0851 93200
0.03.0.1 0.860 0.856 0.060 0.060 0.000 0.004 03% 95900
0.9:08 0.03:0.05 0.8%0 0.886 0.061 0.063 0.000 0.004 05% 99707
0.030.1 0.8%0 0.887 0.055 0.055 0.000 0.003 0.343 89500

VE approach: raw: Raw of vaccine efficacy (Equation (12)), we_hal: weighted average vaccine efficacy based on Halloran approach
(Equation (17)), we_N: general weighted average vaccine efficacy based on sample size for each sub-population (Equation (7) ), we_pres :
weighted average vaccine efficacy based on precision approach (Equation (9)), we_t: general weighted average vaccine efficacy based on
total follow up time for each sub-population (Equation (19)).
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B2.2. Parameter Estimate of Vaccine efficacy for Person Time Approach with n=5000

N VE [?at_io VE "IR_c True VE stdVE  seVE bias MSE length cowrage
Aproach naive:non naive:non naive:non Value squared Cl Cl
5000 raw 50:50 09:0.5 0.03:0.05 0.700 0.655 0.069 0.068 0.002 0.007 0.285 90.100
0.03:0.1 0.700 0.598 0.056 0.059 0.010 0.014 0.241 54.300

0.9:0.8 0.03:0.05 0.850 0.837 0.043 0.043 0.000 0.002 0.186 95.500

0.03:0.1 0.850 0.825 0.035 0.035 0.001 0.002 0.147 89.900

70:30 0.9:05 0.03:0.05 0.780 0.733 0.061 0.061 0.002 0.006 0.259 89.300

0.03.0.1 0.780 0.670 0.058 0.059 0.012 0.015 0.243 45.900

0.9:0.8 0.03:0.05 0.870 0.859 0.043 0.042 0.000 0.002 0.182 95.300

0.03:0.1 0.870 0.843 0.038 0.038 0.001 0.002 0.159 90.100

90:10 09:0.5 0.03:0.05 0.860 0.838 0.046 0.048 0.000 0.003 0.209 95.100

0.03:0.1 0.860 0.796 0.051 0.051 0.004 0.007 0.219 75.800

0.9:0.8 0.03:0.05 0.890 0.886 0.039 0.039 0.000 0.002 0.174 96.900

0.03:0.1 0.890 0.873 0.040 0.039 0.000 0.002 0.170 94.100

we_hal 50:50 0.9:05 0.03:0.05 0.650 0.654 0.070 0.068 0.000 0.005 0.263 93.400
0.03.0.1 0592 0.597 0.057 0.059 0.000 0.003 0.228 94.500

0.9:0.8 0.03:0.05 0.837 0.837 0.043 0.044 0.000 0.002 0172 94.700

0.03:0.1 0.823 0.826 0.035 0.035 0.000 0.001 0.139 92.100

70:30 0.9:05 0.03:0.05 0.733 0.731 0.062 0.062 0.000 0.004 0.238 95.600

0.03:0.1 0.665 0.669 0.058 0.059 0.000 0.003 0.228 95.600

0.9:0.8 0.03:0.05 0.858 0.859 0.043 0.042 0.000 0.002 0.168 94.800

0.03.0.1 0841 0.843 0.038 0.038 0.000 0.001 0.149 95.100

90:10 0.9:05 0.03:0.05 0.837 0.838 0.047 0.049 0.000 0.002 0.193 96.600

0.03.0.1 0.792 0.795 0.052 0.052 0.000 0.003 0.203 96.300

0.9:0.8 0.03:0.05 0.884 0.886 0.039 0.040 0.000 0.002 0.162 90.100

0.03.0.1 0873 0.873 0.040 0.039 0.000 0.002 0.158 94.900

we_N 50:50 0.9:05 0.03:0.05 0.700 0.703 0.063 0.062 0.000 0.004 0.363 97.000
0.03.0.1 0.700 0.703 0.047 0.048 0.000 0.002 0.290 98.100

0.9:0.8 0.03:0.05 0.850 0.848 0.041 0.042 0.000 0.002 0.269 98.000

0.03:0.1 0.850 0.850 0.035 0.035 0.000 0.001 0223 96.600

70:30 0.9:05 0.03:0.05 0.780 0.776 0.055 0.055 0.000 0.003 0.339 99.700

0.03.0.1 0.780 0.784 0.044 0.044 0.000 0.002 0271 99.800

0.9:0.8 0.03:0.05 0.870 0.869 0.041 0.040 0.000 0.002 0.257 99.200

0.03.0.1 0.870 0.870 0.037 0.036 0.000 0.001 0221 98.600

90:10 09:0.5 0.03:0.05 0.860 0.856 0.046 0.046 0.000 0.002 0.308 99.400

0.03:0.1 0.860 0.861 0.041 0.040 0.000 0.002 0.242 99.600

0.9:0.8 0.03:0.05 0.890 0.890 0.039 0.039 0.000 0.002 0.250 92.400

0.03:0.1 0.890 0.889 0.040 0.038 0.000 0.002 0211 98.200

we_pres  50:50 0.9:05 0.03:0.05 0.700 0.826 0.078 0.128 0.016 0.022 0.292 69.500
0.03.0.1 0.700 0.779 0.086 0.155 0.006 0.014 0.268 76.900

0.9:0.8 0.03:0.05 0.850 0.867 0.047 0.068 0.000 0.003 0.251 97.800

0.03:0.1 0.850 0.851 0.040 0.063 0.000 0.002 0.203 96.000

70:30 09:0.5 0.03:0.05 0.780 0.865 0.058 0.079 0.007 0.010 0.245 77.900

0.03:0.1 0.780 0.836 0.065 0.103 0.003 0.007 0.240 83.700

0.9:0.8 0.03:0.05 0.870 0.885 0.043 0.055 0.000 0.002 0.235 98.200

0.03:0.1 0.870 0.869 0.042 0.055 0.000 0.002 0213 97.400

90:10 09:0.5 0.03:0.05 0.860 0.892 0.043 0.048 0.001 0.003 0.208 93.500

0.03:0.1 0.860 0.883 0.047 0.056 0.001 0.003 0.209 93.900

0.9:0.8 0.03:0.05 0.890 0.898 0.038 0.044 0.000 0.002 0.222 91.500

0.03:0.1 0.890 0.892 0.041 0.046 0.000 0.002 0217 97.400

we_t 50:50 09:0.5 0.03:0.05 0.700 0.704 0.063 0.061 0.000 0.004 0.362 97.100
0.03.0.1 0.700 0.705 0.046 0.048 0.000 0.002 0.290 98.100

0.9:0.8 0.03:0.05 0.850 0.848 0.041 0.042 0.000 0.002 0.269 98.100

0.03:0.1 0.850 0.851 0.035 0.036 0.000 0.001 0.224 96.500

70:30 0.9:05 0.03:0.05 0.780 0.777 0.054 0.055 0.000 0.003 0338 99.700

0.03.0.1 0.780 0.786 0.044 0.044 0.000 0.002 0.270 99.800

0.9:0.8 0.03:0.05 0.870 0.870 0.041 0.040 0.000 0.002 0.257 99.200

0.03.0.1 0.870 0.871 0.037 0.037 0.000 0.001 0221 98.600

90:10 09:0.5 0.03:0.05 0.860 0.857 0.046 0.046 0.000 0.002 0.307 99.400

0.03.0.1 0.860 0.862 0.041 0.040 0.000 0.002 0.240 99.500

0.9:0.8 0.03:0.05 0.890 0.890 0.039 0.039 0.000 0.002 0.249 92.400

0.03:0.1 0.890 0.890 0.040 0.038 0.000 0.002 0211 98.200

VE approach: raw: Raw of vaccine efficacy (Equation (12)), we_hal: weighted average vaccine efficacy based on Halloran approach
(Equation (17)), we_N: general weighted average vaccine efficacy based on sample size for each sub-population (Equation (7) ), we_pres :
weighted average vaccine efficacy based on precision approach (Equation (9)), we_t: general weighted average vaccine efficacy based on
total follow up time for each sub-population (Equation (19)).
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B2.3. Parameter Estimate of Vaccine efficacy for Person Time Approach with n=10000

N VE [?at_io VE "IR_c True VE stdVE  seVE bias MSE length cowrage
Aproach naive:non naive:non naive:non Value squared Cl Cl
10000 raw 50:50 0.9:05 0.03:0.05 0.700 0.655 0.046 0.048 0.002 0.004 0.196 86.300
0.03:0.1 0.700 0.600 0.042 0.042 0.010 0.012 0.167 24.700

0.9:0.8 0.03:0.05 0.850 0.839 0.030 0.030 0.000 0.001 0.126 94.900

0.03.0.1 0.850 0.827 0.025 0.025 0.001 0.001 0.101 85.500

70:30 0.9:05 0.03:0.05 0.780 0.735 0.046 0.043 0.002 0.004 0177 82.500

0.03.0.1 0.780 0.669 0.041 0.041 0.012 0.014 0.168 15.300

0.9:0.8 0.03:0.05 0.870 0.860 0.029 0.030 0.000 0.001 0.124 95.400

0.03.0.1 0.870 0.844 0.027 0.026 0.001 0.001 0.109 83.800

90:10 09:0.5 0.03:0.05 0.860 0.838 0.036 0.034 0.000 0.002 0143 90.600

0.03:0.1 0.860 0.793 0.037 0.037 0.004 0.006 0.152 48.200

0.9:0.8 0.03:0.05 0.890 0.886 0.029 0.028 0.000 0.001 0118 95.800

0.03:0.1 0.890 0.874 0.028 0.028 0.000 0.001 0.115 91.700

we_hal 50:50 0.9:05 0.03:0.05 0.650 0.654 0.046 0.048 0.000 0.002 0.187 96.200
0.03:0.1 0592 0.599 0.043 0.042 0.000 0.002 0.162 94.000

0.9:0.8 0.03:0.05 0.837 0.839 0.030 0.030 0.000 0.001 0.120 96.100

0.03.0.1 0.823 0.829 0.025 0.025 0.000 0.001 0.097 94.100

70:30 0.9:05 0.03:0.05 0.733 0.734 0.046 0.043 0.000 0.002 0.169 93.800

0.03:0.1 0.665 0.668 0.042 0.042 0.000 0.002 0.162 95.000

0.9:0.8 0.03:0.05 0.858 0.860 0.029 0.030 0.000 0.001 0118 96.800

0.03.0.1 0.841 0.845 0.027 0.026 0.000 0.001 0.104 94.500

90:10 09:0.5 0.03:0.05 0.837 0.838 0.036 0.034 0.000 0.001 0.135 94.300

0.03.0.1 0.792 0.792 0.038 0.037 0.000 0.001 0.145 94.900

0.9:0.8 0.03:0.05 0.884 0.886 0.029 0.028 0.000 0.001 0112 95.500

0.03.0.1 0.873 0.874 0.028 0.027 0.000 0.001 0.109 95.900

we_N 50:50 0.9:05 0.03:0.05 0.700 0.704 0.042 0.043 0.000 0.002 0.242 99.800
0.03.0.1 0.700 0.706 0.033 0.033 0.000 0.001 0.194 99.400

0.9:0.8 0.03:0.05 0.850 0.851 0.029 0.029 0.000 0.001 0.176 99.800

0.03:0.1 0.850 0.853 0.025 0.024 0.000 0.001 0.146 99.700

70:30 0.9:05 0.03:0.05 0.780 0.780 0.040 0.038 0.000 0.002 0.225 99.000

0.03.0.1 0.780 0.783 0.031 0.031 0.000 0.001 0.183 99.800

0.9:0.8 0.03:0.05 0.870 0.871 0.028 0.028 0.000 0.001 0171 99.600

0.03.0.1 0.870 0.871 0.026 0.025 0.000 0.001 0.147 99.700

90:10 09:0.5 0.03:0.05 0.860 0.858 0.033 0.032 0.000 0.001 0.193 99.500

0.03.0.1 0.860 0.861 0.028 0.028 0.000 0.001 0.162 99.600

0.9:0.8 0.03:0.05 0.890 0.891 0.028 0.027 0.000 0.001 0.157 99.400

0.03.0.1 0.890 0.891 0.027 0.026 0.000 0.001 0.139 99.400

we_pres  50:50 09:0.5 0.03:0.05 0.700 0.830 0.058 0.093 0.017 0.020 0.192 46.200
0.03.0.1 0.700 0.779 0.063 0.114 0.006 0.010 0.181 65.200

0.9:0.8 0.03:0.05 0.850 0.864 0.035 0.047 0.000 0.001 0.169 96.500

0.03:0.1 0.850 0.851 0.031 0.043 0.000 0.001 0.137 96.500

70:30 0.9:05 0.03:0.05 0.780 0.864 0.041 0.058 0.007 0.009 0.165 59.900

0.03:0.1 0.780 0.835 0.049 0.075 0.003 0.005 0.162 75.300

0.9:0.8 0.03:0.05 0.870 0.882 0.031 0.039 0.000 0.001 0.161 97.900

0.03.0.1 0.870 0.867 0.031 0.039 0.000 0.001 0.145 98.600

90:10 09:0.5 0.03:0.05 0.860 0.890 0.032 0.035 0.001 0.002 0.139 89.600

0.03:0.1 0.860 0.881 0.033 0.041 0.000 0.002 0.142 92.900

0.9:0.8 0.03:0.05 0.890 0.898 0.029 0.031 0.000 0.001 0.146 97.500

0.03:0.1 0.890 0.890 0.028 0.032 0.000 0.001 0.146 98.700

we_t 50:50 0.9:05 0.03:0.05 0.700 0.705 0.041 0.043 0.000 0.002 0.241 99.800
0.03.0.1 0.700 0.708 0.033 0.033 0.000 0.001 0193 99.200

0.9:0.8 0.03:0.05 0.850 0.851 0.029 0.029 0.000 0.001 0.176 99.800

0.03:0.1 0.850 0.854 0.025 0.024 0.000 0.001 0.147 99.700

70:30 0.9:05 0.03:0.05 0.780 0.781 0.040 0.038 0.000 0.002 0.224 99.000

0.03.0.1 0.780 0.786 0.031 0.031 0.000 0.001 0.182 99.800

0.9:0.8 0.03:0.05 0.870 0.871 0.028 0.028 0.000 0.001 0.170 99.600

0.03.0.1 0.870 0.872 0.026 0.026 0.000 0.001 0.146 99.700

90:10 09:0.5 0.03:0.05 0.860 0.859 0.033 0.032 0.000 0.001 0.192 99.400

0.03.0.1 0.860 0.862 0.028 0.028 0.000 0.001 0.161 99.500

0.9:0.8 0.03:0.05 0.890 0.891 0.028 0.027 0.000 0.001 0.157 99.400

0.03.0.1 0.890 0.891 0.027 0.026 0.000 0.001 0.139 99.300

VE approach: raw: Raw of vaccine efficacy (Equation (12)), we_hal: weighted average vaccine efficacy based on Halloran approach
(Equation (17)), we_N: general weighted average vaccine efficacy based on sample size for each sub-population (Equation (7) ), we_pres :
weighted average vaccine efficacy based on precision approach (Equation (9)), we_t: general weighted average vaccine efficacy based on
total follow up time for each sub-population (Equation (19)).
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B3.1. Parameter Estimate of Vaccine efficacy for Hazard Ratio Approach with n=2500

n VE Batlo “VE “IRc True VE stdVE bias MSE length cowerage
Aproach naive:non naive:non naive:non Value squared Cl Cl
2500 raw 50:50 0.9:0.5 0.03:0.05 0.700 0.640 0.101 0.004 0.014 0410 90.200
0.03:0.1 0.700 0.596 0.088 0.011 0.019 0.335 71.300

0.9:0.8 0.03:0.05 0.850 0.838 0.063 0.000 0.004 0.263 94.595

0.03:0.1 0.850 0.824 0.051 0.001 0.003 0.207 90.900

70:30 0.9:0.5 0.03:0.05 0.780 0.731 0.090 0.002 0.010 0.365 91.000

0.03:0.1 0.780 0.662 0.089 0.014 0.022 0.343 62.800

0.9:0.8 0.03:0.05 0.870 0.857 0.060 0.000 0.004 0.265 95.281

0.03:0.1 0.870 0.840 0.056 0.001 0.004 0.226 90.000

90:10 0.9:0.5 0.03:0.05 0.860 0.834 0.070 0.001 0.006 0.306 94.200

0.03:0.1 0.860 0.792 0.072 0.005 0.010 0.313 79.200

0.9:0.8 0.03:0.05 0.890 0.882 0.058 0.000 0.003 0.262 96.360

0.03:0.1 0.890 0.870 0.056 0.000 0.004 0.249 93.065

we_N 50:50 0.9:0.5 0.03:0.05 0.700 0.675 0.090 0.001 0.009 0.582 98.822
0.03:0.1 0.700 0.689 0.069 0.000 0.005 0.458 99.400

0.9:0.8 0.03:0.05 0.850 0.838 0.058 0.000 0.004 0.437 99.647

0.03:0.1 0.850 0.839 0.052 0.000 0.003 0.368 99.194

70:30 0.9:0.5 0.03:0.05 0.780 0.763 0.082 0.000 0.007 0.524 99.235

0.03:0.1 0.780 0.770 0.063 0.000 0.004 0421 99.148

0.9:0.8 0.03:0.05 0.870 0.860 0.058 0.000 0.003 0.416 98.919

0.03:0.1 0.870 0.862 0.053 0.000 0.003 0.349 99.024

90:10 0.9:0.5 0.03:0.05 0.860 0.840 0.075 0.000 0.006 0.543 99.678

0.03:0.1 0.860 0.852 0.058 0.000 0.003 0.379 98.857

0.9:0.8 0.03:0.05 0.890 0.873 0.060 0.000 0.004 0.453 98.680

0.03:0.1 0.890 0.883 0.053 0.000 0.003 0.336 98.113

we_pres  50:50 0.9:0.5 0.03:0.05 0.700 0.826 0.118 0.016 0.030 0.576 99.500
0.03:0.1 0.700 0.795 0.128 0.009 0.026 0.527 99.200

0.9:0.8 0.03:0.05 0.850 0.881 0.073 0.001 0.006 0.491 99.800

0.03:0.1 0.850 0.867 0.069 0.000 0.005 0.404 98.800

70:30 0.9:0.5 0.03:0.05 0.780 0.868 0.084 0.008 0.015 0.443 98.600

0.03:0.1 0.780 0.837 0.090 0.003 0.011 0413 99.300

0.9:0.8 0.03:0.05 0.870 0.891 0.062 0.000 0.004 0.425 99.598

0.03:0.1 0.870 0.880 0.063 0.000 0.004 0.376 98.900

90:10 0.9:0.5 0.03:0.05 0.860 0.895 0.062 0.001 0.005 0.376 99.900

0.03:0.1 0.860 0.881 0.065 0.000 0.005 0.352 99.400

0.9:0.8 0.03:0.05 0.890 0.925 0.068 0.001 0.006 0.554 99.292

0.03:0.1 0.890 0.901 0.059 0.000 0.004 0.404 99.497

we_t 50:50 0.9:0.5 0.03:0.05 0.700 0.676 0.090 0.001 0.009 0.582 98.940
0.03:0.1 0.700 0.692 0.068 0.000 0.005 0.458 99.520

0.9:0.8 0.03:0.05 0.850 0.838 0.058 0.000 0.004 0.437 99.647

0.03:0.1 0.850 0.839 0.052 0.000 0.003 0.369 99.194

70:30 0.9:0.5 0.03:0.05 0.780 0.764 0.082 0.000 0.007 0.523 99.235

0.03:0.1 0.780 0.772 0.063 0.000 0.004 0.420 99.148

0.9:0.8 0.03:0.05 0.870 0.861 0.058 0.000 0.003 0.416 98.919

0.03:0.1 0.870 0.862 0.053 0.000 0.003 0.350 99.024

90:10 0.9:0.5 0.03:0.05 0.860 0.841 0.075 0.000 0.006 0.541 99.678

0.03:0.1 0.860 0.853 0.058 0.000 0.003 0.377 98.857

0.9:0.8 0.03:0.05 0.890 0.873 0.060 0.000 0.004 0.453 98.680

0.03:0.1 0.890 0.883 0.053 0.000 0.003 0.335 98.113

VE approach: raw: Raw of vaccine efficacy (Equation (21)), we_N: general weighted average vaccine efficacy based on sample size for
each sub-population (Equation (7)), we_pres : weighted average vaccine efficacy based on precision approach (Equation (9)), we_t: general

weighted average vaccine efficacy based on total follow up time for each sub-population (Equation (19)).
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B3.2. Parameter Estimate of Vaccine efficacy for Hazard Ratio Approach with n=5000

n VE Batlo “VE “IRc True VE stdVE bias MSE length cowerage
Aproach naive:non naive:non naive:non Value squared Cl Cl
5000 raw 50:50 0.9:0.5 0.03:0.05 0.700 0.655 0.070 0.002 0.007 0.273 88.100
0.03:0.1 0.700 0.598 0.056 0.010 0.014 0.233 49.800

0.9:0.8 0.03:0.05 0.850 0.837 0.043 0.000 0.002 0.178 94.400

0.03:0.1 0.850 0.825 0.035 0.001 0.002 0.142 87.100

70:30 0.9:0.5 0.03:0.05 0.780 0.733 0.061 0.002 0.006 0.248 85.700

0.03:0.1 0.780 0.670 0.058 0.012 0.015 0.234 41.400

0.9:0.8 0.03:0.05 0.870 0.859 0.043 0.000 0.002 0.174 94.200

0.03:0.1 0.870 0.843 0.038 0.001 0.002 0.153 87.300

90:10 0.9:0.5 0.03:0.05 0.860 0.838 0.046 0.000 0.003 0.200 92.800

0.03:0.1 0.860 0.796 0.051 0.004 0.007 0.209 70.400

0.9:0.8 0.03:0.05 0.890 0.886 0.039 0.000 0.002 0.167 95.800

0.03:0.1 0.890 0.873 0.040 0.000 0.002 0.163 90.800

we_N 50:50 0.9:0.5 0.03:0.05 0.700 0.702 0.062 0.000 0.004 0.350 99.486
0.03:0.1 0.700 0.702 0.046 0.000 0.002 0.283 99.694

0.9:0.8 0.03:0.05 0.850 0.847 0.040 0.000 0.002 0.261 99.490

0.03:0.1 0.850 0.849 0.034 0.000 0.001 0.218 99.586

70:30 0.9:0.5 0.03:0.05 0.780 0.776 0.055 0.000 0.003 0.323 99.599

0.03:0.1 0.780 0.783 0.044 0.000 0.002 0.262 99.599

0.9:0.8 0.03:0.05 0.870 0.869 0.041 0.000 0.002 0.248 99.396

0.03:0.1 0.870 0.869 0.037 0.000 0.001 0.213 99.494

90:10 0.9:0.5 0.03:0.05 0.860 0.856 0.046 0.000 0.002 0.283 99.298

0.03:0.1 0.860 0.861 0.041 0.000 0.002 0.230 99.499

0.9:0.8 0.03:0.05 0.890 0.888 0.039 0.000 0.001 0.238 98.921

0.03:0.1 0.890 0.889 0.039 0.000 0.002 0.203 98.384

we_pres  50:50 0.9:0.5 0.03:0.05 0.700 0.830 0.082 0.017 0.024 0.306 74.200
0.03:0.1 0.700 0.782 0.091 0.007 0.015 0.278 81.200

0.9:0.8 0.03:0.05 0.850 0.870 0.050 0.000 0.003 0.260 99.700

0.03:0.1 0.850 0.856 0.048 0.000 0.002 0.225 98.800

70:30 0.9:0.5 0.03:0.05 0.780 0.865 0.058 0.007 0.011 0.238 80.700

0.03:0.1 0.780 0.836 0.066 0.003 0.007 0.235 85.200

0.9:0.8 0.03:0.05 0.870 0.886 0.044 0.000 0.002 0.233 99.300

0.03:0.1 0.870 0.870 0.044 0.000 0.002 0.216 98.600

90:10 0.9:0.5 0.03:0.05 0.860 0.892 0.043 0.001 0.003 0.202 95.000

0.03:0.1 0.860 0.883 0.047 0.001 0.003 0.201 94.800

0.9:0.8 0.03:0.05 0.890 0.906 0.045 0.000 0.002 0.275 98.800

0.03:0.1 0.890 0.893 0.042 0.000 0.002 0.218 98.600

we_t 50:50 0.9:0.5 0.03:0.05 0.700 0.703 0.062 0.000 0.004 0.349 99.486
0.03:0.1 0.700 0.704 0.046 0.000 0.002 0.282 99.796

0.9:0.8 0.03:0.05 0.850 0.847 0.040 0.000 0.002 0.261 99.490

0.03:0.1 0.850 0.849 0.034 0.000 0.001 0.218 99.586

70:30 0.9:0.5 0.03:0.05 0.780 0.776 0.054 0.000 0.003 0.322 99.599

0.03:0.1 0.780 0.786 0.044 0.000 0.002 0.261 99.699

0.9:0.8 0.03:0.05 0.870 0.869 0.041 0.000 0.002 0.247 99.396

0.03:0.1 0.870 0.870 0.037 0.000 0.001 0.213 99.494

90:10 0.9:0.5 0.03:0.05 0.860 0.856 0.046 0.000 0.002 0.282 99.298

0.03:0.1 0.860 0.862 0.041 0.000 0.002 0.229 99.499

0.9:0.8 0.03:0.05 0.890 0.888 0.039 0.000 0.001 0.238 98.921

0.03:0.1 0.890 0.889 0.039 0.000 0.002 0.203 98.283

VE approach: raw: Raw of vaccine efficacy (Equation (21)), we_N: general weighted average vaccine efficacy based on sample size for
each sub-population (Equation (7)), we_pres : weighted average vaccine efficacy based on precision approach (Equation (9)), we_t: general

weighted average vaccine efficacy based on total follow up time for each sub-population (Equation (19)).
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B3.3. Parameter Estimate of Vaccine efficacy for Hazard Ratio Approach with n=10000

n VE Batlo “VE “IRc True VE stdVE bias MSE length cowerage
Aproach naive:non naive:non naive:non Value squared Cl Cl
10000 raw 50:50 0.9:0.5 0.03:0.05 0.700 0.655 0.046 0.002 0.004 0.190 84.300
0.03:0.1 0.700 0.600 0.042 0.010 0.012 0.163 22.800

0.9:0.8 0.03:0.05 0.850 0.839 0.030 0.000 0.001 0.122 93.300

0.03:0.1 0.850 0.827 0.025 0.001 0.001 0.098 82.400

70:30 0.9:0.5 0.03:0.05 0.780 0.735 0.046 0.002 0.004 0.171 78.800

0.03:0.1 0.780 0.669 0.041 0.012 0.014 0.163 13.100

0.9:0.8 0.03:0.05 0.870 0.860 0.029 0.000 0.001 0.120 94.000

0.03:0.1 0.870 0.844 0.027 0.001 0.001 0.105 80.200

90:10 0.9:0.5 0.03:0.05 0.860 0.838 0.036 0.000 0.002 0.138 87.600

0.03:0.1 0.860 0.793 0.037 0.004 0.006 0.146 41.900

0.9:08 0.03:0.05 0.890 0.886 0.029 0.000 0.001 0.114 94.500

0.03:0.1 0.890 0.874 0.028 0.000 0.001 0.111 89.100

we_N 50:50 0.9:0.5 0.03:0.05 0.700 0.704 0.042 0.000 0.002 0.233 99.600
0.03:0.1 0.700 0.706 0.033 0.000 0.001 0.188 99.299

0.9:0.8 0.03:0.05 0.850 0.851 0.028 0.000 0.001 0.170 99.900

0.03:0.1 0.850 0.854 0.025 0.000 0.001 0.141 99.800

70:30 0.9:0.5 0.03:0.05 0.780 0.780 0.040 0.000 0.002 0.215 99.099

0.03:0.1 0.780 0.783 0.031 0.000 0.001 0.176 99.800

0.9:0.8 0.03:0.05 0.870 0.871 0.028 0.000 0.001 0.163 99.500

0.03:0.1 0.870 0.872 0.026 0.000 0.001 0.141 99.700

90:10 0.9:0.5 0.03:0.05 0.860 0.858 0.033 0.000 0.001 0.182 98.900

0.03:0.1 0.860 0.861 0.028 0.000 0.001 0.155 99.500

0.9:0.8 0.03:0.05 0.890 0.891 0.028 0.000 0.001 0.150 99.499

0.03:0.1 0.890 0.891 0.027 0.000 0.001 0.133 98.900

we_pres  50:50 0.9:0.5 0.03:0.05 0.700 0.830 0.058 0.017 0.020 0.185 46.000
0.03:0.1 0.700 0.778 0.063 0.006 0.010 0.176 65.600

0.9:0.8 0.03:0.05 0.850 0.864 0.035 0.000 0.001 0.164 97.000

0.03:0.1 0.850 0.851 0.031 0.000 0.001 0.132 96.500

70:30 0.9:0.5 0.03:0.05 0.780 0.863 0.042 0.007 0.009 0.160 59.800

0.03:0.1 0.780 0.834 0.049 0.003 0.005 0.157 75.700

0.9:0.8 0.03:0.05 0.870 0.882 0.031 0.000 0.001 0.154 98.000

0.03:0.1 0.870 0.867 0.031 0.000 0.001 0.139 97.600

90:10 0.9:0.5 0.03:0.05 0.860 0.890 0.032 0.001 0.002 0.133 89.400

0.03:0.1 0.860 0.881 0.033 0.000 0.002 0.136 93.200

0.9:0.8 0.03:0.05 0.890 0.898 0.029 0.000 0.001 0.143 97.800

0.03:0.1 0.890 0.890 0.028 0.000 0.001 0.140 98.200

we_t 50:50 0.9:0.5 0.03:0.05 0.700 0.705 0.041 0.000 0.002 0.233 99.600
0.03:0.1 0.700 0.709 0.033 0.000 0.001 0.187 99.299

0.9:0.8 0.03:0.05 0.850 0.851 0.028 0.000 0.001 0.170 99.900

0.03:0.1 0.850 0.854 0.025 0.000 0.001 0.142 99.800

70:30 0.9:0.5 0.03:0.05 0.780 0.781 0.040 0.000 0.002 0.214 99.099

0.03:0.1 0.780 0.786 0.031 0.000 0.001 0.175 99.700

0.9:0.8 0.03:0.05 0.870 0.871 0.028 0.000 0.001 0.163 99.400

0.03:0.1 0.870 0.872 0.026 0.000 0.001 0.141 99.700

90:10 0.9:0.5 0.03:0.05 0.860 0.859 0.033 0.000 0.001 0.181 98.900

0.03:0.1 0.860 0.862 0.028 0.000 0.001 0.154 99.400

0.9:0.8 0.03:0.05 0.890 0.891 0.028 0.000 0.001 0.150 99.499

0.03:0.1 0.890 0.891 0.027 0.000 0.001 0.133 98.900

VE approach: raw: Raw of vaccine efficacy (Equation (21)), we_N: general weighted average vaccine efficacy based on sample size for
each sub-population (Equation (7)), we_pres : weighted average vaccine efficacy based on precision approach (Equation (9)), we_t: general

weighted average vaccine efficacy based on total follow up time for each sub-population (Equation (19)).
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B4.1. Parameter Estimate of Vaccine efficacy for Poisson Regression Approach with

n=2500
n VE Ratio — VE IRe True VE  stdvE D& MSE lengthcl OVrad®
Aproach naive:non naive:non naive:non Value squared Cl
2500 raw 50:50 0.9:05 0.03:0.05 0.700 0.640 0.101 0.004 0.014 0.194 57.800
0.03.0.1 0.700 0.596 0.088 0.011 0.019 0.199 43.700
0.9:0.8 0.03:0.05 0.850 0.838 0.063 0.000 0.004 0.111 59.459
0.03.0.1 0.850 0.824 0.051 0.001 0.003 0.110 65.200
70:30 0.9:0.5 0.03:0.05 0.780 0.731 0.090 0.002 0.010 0.158 55.400
0.03.0.1 0.780 0.662 0.089 0.014 0.022 0.180 29.500
0.9:0.8 0.03:0.05 0.870 0.857 0.060 0.000 0.004 0.104 62.651
0.03:0.1 0.870 0.840 0.056 0.001 0.004 0.107 57.800
90:10 0.9:05 0.03:0.05 0.860 0.834 0.070 0.001 0.006 0.115 55.800
0.03.0.1 0.860 0.792 0.072 0.005 0.010 0.132 39.800
0.9:0.8 0.03:0.05 0.890 0.882 0.058 0.000 0.003 0.093 55.308
0.03:0.1 0.890 0.870 0.056 0.000 0.004 0.097 58.593
we_N 50:50 0.9:05 0.03:0.05 0.700 0.675 0.090 0.001 0.009 0.254 82.450
0.03:0.1 0.700 0.689 0.069 0.000 0.005 0.228 90.048
0.9:0.8 0.03:0.05 0.850 0.838 0.058 0.000 0.004 0.159 81.647
0.03:0.1 0.850 0.839 0.052 0.000 0.003 0.150 87.327
70:30 0.9:05 0.03:0.05 0.780 0.763 0.082 0.000 0.007 0.222 82.842
0.03.0.1 0.780 0.770 0.063 0.000 0.004 0.203 89.137
0.9:0.8 0.03:0.05 0.870 0.860 0.058 0.000 0.003 0.148 80.973
0.03.0.1 0.870 0.862 0.053 0.000 0.003 0.140 80.586
90:10 0.9:05 0.03:0.05 0.860 0.840 0.075 0.000 0.006 0.197 80.344
0.03:0.1 0.860 0.852 0.058 0.000 0.003 0.165 83.576
0.9:0.8 0.03:0.05 0.890 0.873 0.060 0.000 0.004 0.149 75.220
0.03:0.1 0.890 0.883 0.053 0.000 0.003 0.127 76.804
we_pres  50:50 0.9:05 0.03:0.05 0.700 0.853 0.105 0.023 0.034 0.293 46.600
0.03:0.1 0.700 0.853 0.106 0.023 0.035 0.301 47.700
0.9:0.8 0.03:0.05 0.850 0.888 0.071 0.001 0.006 0.269 76.076
0.03:0.1 0.850 0.882 0.068 0.001 0.006 0.250 79.900
70:30 0.9:05 0.03:0.05 0.780 0.882 0.077 0.010 0.016 0.201 42.800
0.03.0.1 0.780 0.875 0.075 0.009 0.015 0.180 43.700
0.9:0.8 0.03:0.05 0.870 0.895 0.061 0.001 0.004 0.186 72.088
0.03:0.1 0.870 0.891 0.063 0.000 0.004 0.192 71.400
90:10 0.9:05 0.03:0.05 0.860 0.898 0.061 0.001 0.005 0.164 59.500
0.03:0.1 0.860 0.893 0.061 0.001 0.005 0.139 57.100
0.9:0.8 0.03:0.05 0.890 0.926 0.068 0.001 0.006 0.383 73.711
0.03:0.1 0.890 0.905 0.059 0.000 0.004 0.194 71.357
we_t 50:50 0.9:05 0.03:0.05 0.700 0.676 0.090 0.001 0.009 0.253 82.568
0.03.0.1 0.700 0.692 0.068 0.000 0.005 0.227 90.408
0.9:0.8 0.03:0.05 0.850 0.838 0.058 0.000 0.004 0.159 81.765
0.03:0.1 0.850 0.839 0.052 0.000 0.003 0.150 87.327
70:30 0.9:05 0.03:0.05 0.780 0.764 0.082 0.000 0.007 0.221 83.169
0.03.0.1 0.780 0.772 0.063 0.000 0.004 0.201 89.031
0.9:0.8 0.03:0.05 0.870 0.861 0.058 0.000 0.003 0.148 80.973
0.03.0.1 0.870 0.862 0.053 0.000 0.003 0.139 80.260
90:10 0.9:05 0.03:0.05 0.860 0.841 0.075 0.000 0.006 0.197 80.559
0.03:0.1 0.860 0.853 0.058 0.000 0.003 0.163 83.680
0.9:0.8 0.03:0.05 0.890 0.873 0.060 0.000 0.004 0.148 75.220
0.03:0.1 0.890 0.883 0.053 0.000 0.003 0.126 76.471

VE approach: raw: Raw of vaccine efficacy (Equation (23)), we_N: general weighted average vaccine efficacy based on sample size for
each sub-population (Equation (7)), we_pres : weighted average vaccine efficacy based on precision approach (Equation (9)), we_t: general

weighted average vaccine efficacy based on total follow up time for each sub-population (Equation (19)).
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B4.2. Parameter Estimate of Vaccine efficacy for Poisson Regression Approach with

n=5000
n VE Ratio —  VE IR T Ve sdve O™ MSE  fengthcr OO
Aproach naive:non naive:non naive:non Value squared Cl
5000 raw 50:50 0.9:05 0.03:0.05 0.700 0.655 0.069 0.002 0.007 0.132 56.500
0.03:0.1 0.700 0.598 0.056 0.010 0.014 0.140 21.600
0.9:0.8 0.03:0.05 0.850 0.837 0.043 0.000 0.002 0.078 62.100
0.03:0.1 0.850 0.825 0.035 0.001 0.002 0.077 61.300
70:30 0.9:0.5 0.03:0.05 0.780 0.733 0.061 0.002 0.006 0.111 48.800
0.03.0.1 0.780 0.670 0.058 0.012 0.015 0.124 13.900
0.9:0.8 0.03:0.05 0.870 0.859 0.043 0.000 0.002 0.072 58.800
0.03:0.1 0.870 0.843 0.038 0.001 0.002 0.074 54.700
90:10 0.9:05 0.03:0.05 0.860 0.838 0.046 0.000 0.003 0.080 56.400
0.03.0.1 0.860 0.796 0.051 0.004 0.007 0.091 30.000
0.9:0.8 0.03:0.05 0.890 0.886 0.039 0.000 0.002 0.064 56.800
0.03:0.1 0.890 0.873 0.040 0.000 0.002 0.067 55.200
we_N 50:50 0.9:0.5 0.03:0.05 0.700 0.702 0.062 0.000 0.004 0.164 80.987
0.03.0.1 0.700 0.702 0.046 0.000 0.002 0.153 90.418
0.9:0.8 0.03:0.05 0.850 0.847 0.040 0.000 0.002 0.106 80.224
0.03.0.1 0.850 0.849 0.034 0.000 0.001 0.099 85.936
70:30 0.9:0.5 0.03:0.05 0.780 0.776 0.055 0.000 0.003 0.148 82.565
0.03.0.1 0.780 0.783 0.044 0.000 0.002 0.135 87.174
0.9.0.8 0.03:0.05 0.870 0.869 0.041 0.000 0.002 0.099 76.536
0.03:0.1 0.870 0.869 0.037 0.000 0.001 0.094 79.757
90:10 0.9:05 0.03:0.05 0.860 0.856 0.046 0.000 0.002 0.119 80.441
0.03.0.1 0.860 0.861 0.041 0.000 0.002 0.108 80.881
0.9:0.8 0.03:0.05 0.890 0.888 0.039 0.000 0.001 0.088 71.629
0.03:0.1 0.890 0.889 0.039 0.000 0.002 0.083 70.909
we_pres  50:50 0.9:05 0.03:0.05 0.700 0.862 0.072 0.026 0.031 0.126 16.400
0.03.0.1 0.700 0.851 0.076 0.023 0.029 0.119 17.800
0.9:0.8 0.03:0.05 0.850 0.879 0.050 0.001 0.003 0.111 62.800
0.03:0.1 0.850 0.875 0.050 0.001 0.003 0.122 69.400
70:30 0.9:0.5 0.03:0.05 0.780 0.881 0.053 0.010 0.013 0.085 20.700
0.03.0.1 0.780 0.878 0.054 0.010 0.013 0.085 21.400
0.9.0.8 0.03:0.05 0.870 0.892 0.044 0.000 0.002 0.089 62.100
0.03.0.1 0.870 0.886 0.045 0.000 0.002 0.096 66.100
90:10 0.9:05 0.03:0.05 0.860 0.896 0.042 0.001 0.003 0.072 48.100
0.03:0.1 0.860 0.896 0.043 0.001 0.003 0.070 45.800
0.9:0.8 0.03:0.05 0.890 0.907 0.045 0.000 0.002 0.141 65.300
0.03:0.1 0.890 0.898 0.042 0.000 0.002 0.084 62.100
we_t 50:50 0.9:05 0.03:0.05 0.700 0.703 0.062 0.000 0.004 0.164 80.987
0.03.0.1 0.700 0.704 0.046 0.000 0.002 0.152 90.622
0.9:0.8 0.03:0.05 0.850 0.847 0.040 0.000 0.002 0.106 80.428
0.03.0.1 0.850 0.849 0.034 0.000 0.001 0.099 85.936
70:30 0.9:0.5 0.03:0.05 0.780 0.776 0.054 0.000 0.003 0.147 82.565
0.03.0.1 0.780 0.786 0.044 0.000 0.002 0.134 86.373
0.9.0.8 0.03:0.05 0.870 0.869 0.041 0.000 0.002 0.099 76.435
0.03.0.1 0.870 0.870 0.037 0.000 0.001 0.094 79.453
90:10 0.9:05 0.03:0.05 0.860 0.857 0.046 0.000 0.002 0.118 80.542
0.03.0.1 0.860 0.862 0.041 0.000 0.002 0.107 80.380
0.9:0.8 0.03:0.05 0.890 0.889 0.039 0.000 0.001 0.088 71.521
0.03:0.1 0.890 0.889 0.039 0.000 0.002 0.083 71.111

VE approach: raw: Raw of vaccine efficacy (Equation (23)), we_N: general weighted average vaccine efficacy based on sample size for
each sub-population (Equation (7)), we_pres : weighted average vaccine efficacy based on precision approach (Equation (9)), we_t: general

weighted average vaccine efficacy based on total follow up time for each sub-population (Equation (19)).
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B4.3. Parameter Estimate of Vaccine efficacy for Poisson Regression Approach with

n=10000
n VE Ratio —  VE IR T Ve sdve O™ MSE  fengthcr OO
Aproach naive:non naive:non naive:non Value squared Cl
10000 raw 50:50 0.9:05 0.03:0.05 0.700 0.655 0.046 0.002 0.004 0.093 48.800
0.03.0.1 0.700 0.600 0.042 0.010 0.012 0.098 7.000
0.9:0.8 0.03:0.05 0.850 0.839 0.030 0.000 0.001 0.055 60.200
0.03.0.1 0.850 0.827 0.025 0.001 0.001 0.054 53.800
70:30 0.9:0.5 0.03:0.05 0.780 0.735 0.046 0.002 0.004 0.078 38.300
0.03.0.1 0.780 0.669 0.041 0.012 0.014 0.088 2.100
0.9:0.8 0.03:0.05 0.870 0.860 0.029 0.000 0.001 0.051 59.700
0.03.0.1 0.870 0.844 0.027 0.001 0.001 0.052 43.600
90:10 0.9:05 0.03:0.05 0.860 0.838 0.036 0.000 0.002 0.056 48.300
0.03:0.1 0.860 0.793 0.037 0.004 0.006 0.065 12.100
0.9:0.8 0.03:0.05 0.890 0.886 0.029 0.000 0.001 0.045 56.500
0.03.0.1 0.890 0.874 0.028 0.000 0.001 0.047 53.900
we_N 50:50 0.9:0.5 0.03:0.05 0.700 0.704 0.042 0.000 0.002 0.115 83.300
0.03.0.1 0.700 0.706 0.033 0.000 0.001 0.107 89.089
0.9:0.8 0.03:0.05 0.850 0.851 0.029 0.000 0.001 0.073 78.679
0.03:0.1 0.850 0.853 0.025 0.000 0.001 0.068 82.500
70:30 0.9:05 0.03:0.05 0.780 0.780 0.040 0.000 0.002 0.102 80.981
0.03.0.1 0.780 0.783 0.031 0.000 0.001 0.095 86.400
0.9.0.8 0.03:0.05 0.870 0.871 0.028 0.000 0.001 0.069 76.900
0.03.0.1 0.870 0.871 0.026 0.000 0.001 0.065 77.300
90:10 0.9:05 0.03:0.05 0.860 0.858 0.033 0.000 0.001 0.081 78.600
0.03.0.1 0.860 0.861 0.028 0.000 0.001 0.075 82.000
0.9:0.8 0.03:0.05 0.890 0.891 0.028 0.000 0.001 0.060 70.341
0.03.0.1 0.890 0.891 0.027 0.000 0.001 0.058 71.400
we_pres  50:50 0.9:05 0.03:0.05 0.700 0.863 0.051 0.027 0.029 0.070 2.300
0.03.0.1 0.700 0.852 0.052 0.023 0.026 0.072 4.700
0.9:0.8 0.03:0.05 0.850 0.874 0.036 0.001 0.002 0.067 60.100
0.03.0.1 0.850 0.872 0.036 0.000 0.002 0.064 59.600
70:30 0.9:0.5 0.03:0.05 0.780 0.881 0.037 0.010 0.012 0.060 6.300
0.03.0.1 0.780 0.878 0.040 0.010 0.011 0.059 9.200
0.9.0.8 0.03:0.05 0.870 0.888 0.031 0.000 0.001 0.059 60.600
0.03.0.1 0.870 0.884 0.032 0.000 0.001 0.060 62.500
90:10 0.9:05 0.03:0.05 0.860 0.895 0.031 0.001 0.002 0.049 36.100
0.03:0.1 0.860 0.895 0.030 0.001 0.002 0.049 36.300
0.9:0.8 0.03:0.05 0.890 0.900 0.029 0.000 0.001 0.053 60.300
0.03.0.1 0.890 0.897 0.028 0.000 0.001 0.052 63.100
we_t 50:50 0.9:05 0.03:0.05 0.700 0.705 0.041 0.000 0.002 0.114 83.600
0.03.0.1 0.700 0.708 0.033 0.000 0.001 0.106 88.388
0.9:0.8 0.03:0.05 0.850 0.851 0.028 0.000 0.001 0.073 78.879
0.03.0.1 0.850 0.854 0.025 0.000 0.001 0.068 82.500
70:30 0.9:05 0.03:0.05 0.780 0.781 0.040 0.000 0.002 0.102 81.481
0.03.0.1 0.780 0.786 0.031 0.000 0.001 0.094 85.200
0.9.0.8 0.03:0.05 0.870 0.871 0.028 0.000 0.001 0.069 76.900
0.03.0.1 0.870 0.872 0.026 0.000 0.001 0.065 77.200
90:10 0.9:05 0.03:0.05 0.860 0.859 0.033 0.000 0.001 0.080 79.100
0.03.0.1 0.860 0.862 0.028 0.000 0.001 0.075 81.800
0.9:0.8 0.03:0.05 0.890 0.891 0.028 0.000 0.001 0.060 70.140
0.03:0.1 0.890 0.891 0.027 0.000 0.001 0.057 71.100

VE approach: raw: Raw of vaccine efficacy (Equation (23)), we_N: general weighted average vaccine efficacy based on sample size for
each sub-population (Equation (7)), we_pres : weighted average vaccine efficacy based on precision approach (Equation (9)), we_t: general

weighted average vaccine efficacy based on total follow up time for each sub-population (Equation (19)).
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C. SASCodes

C1. Macro for running the simulation

*note :

n : total sample size in the study

p_naive : prop of being naive pop

p_c01: prop incidence rate (IR) for control group on naive
sub-pop

p_c00: prop incidence rate (IR) for control group on non-
naive sub-pop

vell: vaccine efficacy for vaccine group on naive sub-pop
vel0: vaccine efficacy for vaccine group on non-naive sub-

pop

%macro generate;
%let n=5000;

%let p_naive=0.9;
%let p_c01=0.03;
%let p_c00=0.1;
%let ve11=0.9;
%let ve10=0.65;
%let m=100;

%do i=1 %to &m;

dm "out;clear;log;clear;";

%simulate (&n,&p naive, &p c01,&p c00,&vell,&vell);
%sim_AR; %sim_FU; %sim_hazard; %sim_poisson;
%end;

%compile AR; %compile FU;
%compile_hazard;%compile_poisson;

data compilation;
set final_ar final_fu final_HR final_poisson;run;
proc print data=compilation;run;

%mend generate;
C2. Macro Generating the Data

%macro simulate (n, p_naive, p_c01,p_c00,vell,vel0) ;
data sim;
doj=1to&n;
group=rand('bern',0.5);
if group=0 then do ;naive=rand(‘bern',&p naive);
if naive =1 then case=rand(‘bern',&p_c01) ;
else case=rand(’bern',&p_c00) ;end;
else do;
naive=rand('bern',&p naive);
if naive =1 then case=rand(‘bern’,(1-&vell)*&p_c01) ;
else case=rand('bern’,(1-&vel0)*&p_c00) ;end;

x=ranexp(12345)/0.34384;

if case=1 then do;censored = 0;time = min(4,x);end;
else do;censored = 1; time = 4;end;

output; end;

run;

% mend simulate;

C3. Macro VE approach

C3.1 Attack Rate (AR)
%macro sim_AR;

*### RAW VE_AR ####,

proc sort data=sim; by group ;run;

proc means data=sim noprint;

output out=out2 sum(case)=sum_case sum(time)=sum_time;
by group;run;

data raw_ar;set out2;
AR=sum_case/_freq_;drop _type_;run;

data raw_groupO (where=(group=0) rename=(_freq_=n0
sum_case=case0 ar=ar0))

raw_groupl (where=(group=1) rename=(_freq_=nl
sum_case=casel ar=arl));
set raw_ar;run;

datar;

merge raw_groupO raw_groupl;

ve=1-( log(1-arl)/log(1-ar0) );

var VE=( (casel/(n1*(nl-casel))) + ((1-ve)*(1-
ve)*case0/(n0*(n0-case0))) )/((log(n0/(n0-case0)))**2);
se_ve=sqrt(var_ve);

*********Cal CU|at|ng CI ***********;
eta=log(ve/(1-ve)); * using transformation of logit
FUNCTION OF ve;
var_eta=(1/(ve*(1-ve)))*(1/(ve*(1-ve)))*var_VE;*use delta
methods;

Il eta=eta-(1.96*sqrt(var eta));

ul eta=eta+(1.96*sgrt(var eta));
ve=exp(eta)/(1+exp(eta));* using transformation of expit
FUNCTION OF ve;

Il ve=exp(ll eta)/(1+exp(ll eta));
ul_ve=exp(ul_eta)/(1+exp(ul_eta));

lenght=ul_ve-Il_ve;

*define true value (tp);

tp=(&p_naive*&vell)+ ((1-&p_naive)*&vel0);*define true
parameter of VE general weighted;

if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep ve se_ve Il_ve ul_ve tp lenght covtot; run;

%if &i = 1 %then %do;
data outall_ar_raw;
setr;
%end;
%else %do;
proc append base=outall_ar_raw data=r;quit;
%end;

*HHHHHEHE ar halloran sEfHHEHHHEE,

proc sort data=sim; by naive group ;run;

proc means data=sim noprint;

output out=outl sum(case)=sum_case sum(time)=sum_time;
by naive group ;run;

data hal ar _group0 (where=(group=0))
hal_ar_groupl (where=(group=1));

set outl;

AR=sum_case/_freq_;drop _type_;run;
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data hal_groupOna0_ar (where=(naive=0)
rename=(_freq =n0 sum_case=case0 sum_time=t0 ar=ar0))

hal_groupOnal_ar (where=(naive=1)
rename=(_freq_=nl1 sum_case=casel sum_time=t1 ar=arl));
set hal_ar_groupO; run;

data hal_grouplna0_ar (where=(naive=0)
rename=(_freq =n0 sum_case=case0 sum_time=t0 ar=ar0))

hal_grouplnal_ar (where=(naive=1)
rename=(_freq_=nl1 sum_case=casel sum_time=t1 ar=arl));
set hal_ar_group1; run;

data hal_gr0_ar;merge hal_groupOna0_ar hal_groupOnal_ar

we_na0=n0/(n0+nl);

we nal=nl/(n0+nl);
den=we_naO0*log(1-ar0)+we_nal*log(1l-arl);

var arO=ar0*(1-ar0)/n0;

var arl=arl*(1-arl)/nl;

var den=(we naO*we na0*(1/(1-ar0))*(1/(1-
ar0))*var_ar0)+(we_nal*we_nal*(1/(1-ar1))*(1/(1-
arl))*var_arl);

keep den var_den;run;

data hal_grl_ar;merge hal_grouplna0_ar hal_grouplnal_ar

we_na0=n0/(n0+nl);

we nal=nl/(n0+nl);
num=we_na0*log(1-ar0)+we_nal*log(1-arl);

var arO=ar0*(1-ar0)/n0;

var arl=arl*(1-arl)/nl;

var num=((we na0*we na0)*(1/(1-ar0))*(1/(1-
ar0))*var_ar0)+((we_nal*we_nal)*(1/(1-arl))*(1/(1-
arl))*var_arl);

keep num var_num;run;

data result_hal_ar;merge hal_grO_ar hal_grl_ar;
rr=num/den;

VE=1-rr;
var_rr=(((re*rr)/(num*num))*var_num)+(((rr*rr)/(den*den))
*var_den);

var_ve=var_IT;

se_ve=sqrt(var_ve);

*********Cal CU|at|ng CI ***********;
eta=log(ve/(1-ve)); * using transformation of logit
FUNCTION OF ve;
var_eta=(1/(ve*(1-ve)))*(L/(ve*(1-ve)))*var_VE;*use delta
methods;

Il eta=eta-(1.96*sqrt(var eta));

ul eta=eta+(1.96*sgrt(var eta));
ve=exp(eta)/(1+exp(eta));* using transformation of expit
FUNCTION OF ve;

Il ve=exp(ll eta)/(1+exp(ll eta));
ul_ve=exp(ul_eta)/(1+exp(ul_eta));

*define true parameter of VE hal;
numtp=(&p_naive*log(1-((1-&vell)*&p_c01)))+((1-

&p naive)*log(1-((1-&vel0)*&p c00)));
dentp=(&p_naive*log(1-&p_c01))+((1-&p_naive)*log(1-
&p_c00));

tp=1- numtp/dentp ;

lenght=ul ve-Il ve;

if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep ve se_ve Il_ve ul_ve tp lenght covtot; run;

%if & = 1 %then %do;
data outall_ar_hal;

set result_hal_ar;
%end;
Y%else %do;
proc append base=outall_ar_hal data=result_hal_ar;quit;
%end;

*HHEHHEHEHHE ar general weightediHHHHHHHHHHE,
data g naiveO ar (where=(naive=0))
g_naivel_ar (where=(naive=1));
set outl;
AR=sum_case/_freq_;drop _type_;run;

data g_groupOna0 (where=(group=0) rename=(_freq_=n0
sum case=case0 sum time=t0 ar=ar0))

g_grouplna0 (where=(group=1)
rename=(_freq_=nl1 sum_case=casel sum_time=t1 ar=arl));
set g_naiveO_ar; run;

data g_groupOnal (where=(group=0) rename=(_freq_=NO
sum case=case0 sum time=t0 ar=ar0))

g_grouplnal (where=(group=1)
rename=(_freq_=N1 sum_case=casel sum_time=t1 ar=arl));
set g_naivel_ar; run;

data g na0 ar;merge g groupOna0 g grouplnaO ;
VE na0 ar=1-(log(1-ar1)/log(1-ar0));

var VE na0 ar=((casel/(n1*(nl-casel)))+((1-
VE na0 ar)*(1-VE na0 ar)*case0/(n0*(nO-
case0))))/((log(n0/(n0-case0)))**2);
n_na0_ar=n0+nl;

keep VE_na0_ar var_VE_na0_ar n_na0_ar ;run;

data g nal ar;merge g groupOnal g grouplnal ;
VE nal ar=1-(log(1-arl)/log(1-ar0));

var VE nal ar=((casel/(n1*(nl-casel)))+((1-
VE nal arn*(1-VE nal ar)*case0/(n0*(nO-
case0))))/((log(n0/(n0-case0)))**2);
n_nal_ar=n0+nl,;

keep VE_nal_ar var_VE_nal_arn_nal_ar ;run;

***weighted by N;

data result_g ar;merge g_na0_ar g nal ar;
we_na0=n_na0_ar/(n_na0_ar+n_nal_ar);
we_nal=n_nal ar/(n_na0_ar+n_nal ar);
ve=we_na0*VE_na0_ar+we _nal*VE_nal ar;
var_ve=((we_na0*we_na0)*var_VE_na0_ar)
+((we_nal*we_nal)*var_VE_nal_ar);
se_ve=sqrt(var_ve);

*********Cal CU|at|ng CI ***********;
eta=log(ve/(1-ve)); * using transformation of logit
FUNCTION OF ve;
var_eta=(1/(ve*(1-ve)))*(1/(ve*(1-ve)))*var_VE;*use delta
methods;

Il_eta=eta-(1.96*sqrt(var_eta));

ul eta=eta+(1.96*sgrt(var eta));
ve=exp(eta)/(1+exp(eta));* using transformation of expit
FUNCTION OF ve;

Il ve=exp(ll eta)/(1+exp(ll eta));

ul ve=exp(ul eta)/(1+exp(ul eta));
tp=(&p_naive*&vell)+ ((1-&p_naive)*&vel0);*define true
parameter of VE general weighted;

lenght=ul_ve-Il_ve;

if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep ve se_ve ll_ve ul_ve lenght tp covtot; run;

%if &i = 1 %then %do;
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data outall_ar_g;
setresult_g_ar;
%end;
Y%else %do;
proc append base=outall_ar_g data=result_g_ar;quit;
%end;

*HHPHHEHHHHEAr DY NaiVertHHHHHHEHHEHHHE,

data g_nal;set g_nal_ar;name="naive’;

ve=ve_nal_ar;

se_ve=sqrt(var_ve nal ar);

*********Cal CU|at|ng CI ***********;
eta=log(ve/(1-ve)); * using transformation of logit
FUNCTION OF ve;
var_eta=(1/(ve*(1-ve)))*(1/(ve*(1-ve)))*se_ve*se_ve;*use
delta methods;

Il eta=eta-(1.96*sqrt(var eta));

ul eta=eta+(1.96*sgrt(var eta));
ve=exp(eta)/(1+exp(eta));* using transformation of expit
FUNCTION OF ve;

I1_ve=exp(ll_eta)/(1+exp(ll_eta));
ul_ve=exp(ul_eta)/(1+exp(ul_eta));

tp=&vell;*define true parameter of VE naive;
lenght=ul ve-Il ve;

if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep name ve se_ve Il_ve ul_ve tp lenght covtot; run;

data g_na0;set g_na0_ar;name="non-n";

ve=ve nal ar;

se_ve=sqrt(var_ve _na0_ar);

*********Cal CU|at|ng CI ***********;
eta=log(ve/(1-ve)); * using transformation of logit
FUNCTION OF ve;
var_eta=(1/(ve*(1-ve)))*(1/(ve*(1-ve)))*se_ve*se_ve;*use
delta methods;

Il eta=eta-(1.96*sqrt(var eta));
ul_eta=eta+(1.96*sqrt(var_eta));
ve=exp(eta)/(1+exp(eta));* using transformation of expit
FUNCTION OF ve;

Il ve=exp(ll eta)/(1+exp(ll eta));
ul_ve=exp(ul_eta)/(1+exp(ul_eta));

tp=&vel0;*define true parameter of VE non-naive;
lenght=ul ve-Il ve;

if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep name ve se_ve Il_ve ul_ve tp lenght covtot; run;

data result_bynaive_ar;set g_nal g_naO;run;

%if &i = 1 %then %do;

data outall_ar_bynaive;

set result_bynaive_ar;
%end;
%else %do;

proc append base=outall_ar_bynaive
data=result_bynaive_ar;quit;

%end;

*HHHAHHHAprecision based approach#tHHHHHIHHHE,
*non-naive*;

data hbr_naO_ar;merge g_groupOna0 g_grouplna0 ;
VE na0 ar=1-(log(1-ar1)/log(1-ar0));

var VE na0 ar=( ((casel)/(n1*(nl-casel)))+ ((1-
VE_na0 ar*(1-VE na0 ar)*(case0)/(n0*(n0-case0)))
)/((log(n0/(n0-case0)))**2);
we_na0=1/var_VE_na0_ar;

Frxkkkxx*calculating the variance of we_naQ **xxx*xxxk.
Num=(log(1-ar0))**2;

Var_num=4*num*ar0/(n0*(1-ar0));

Den a=arl/(n1*(1-arl));
Var_den_a=(den_a**2)*(1/((casel)*(1-arl)));

Den b=((1- VE na0 ar)**2)*ar0/(n0*(1-ar0));

var log den b=(4*((1/(1- VE na0 ar))**2)*

var VE na0 ar )+ 1/((case0)*(1-ar0))+ 2*sqart( ( 4*((1/(1-
VE_na0_ar))**2)* var_VE_na0_ar )* (1/((case0)*(1-ar0)))

var_den_b= (Den_b**2)* var_log_den_b;

den=den a+den b;

var_den= Var_den_a+ var_den_b+2*sqrt(Var_den_a*

var den b);

var log we na0=((1/num)**2)* Var num + ((1/den)**2)*
Var_den-2*sqrt( ((1/(num*den))**2) *var_num*var_den );
var_we_na0=(we_na0**2)* var_log_we_na0;

wexVE na0=we na0*VE na0 ar;

var_log wexVE naO=var log we_na0 + ((1/

VE na0 ar)**2)* var VE na0 ar
+2*sqrt(var_log_we_na0*((1/ VE_na0_ar)**2)*

var VE na0 ar);

var_wexVE_na0= (wexVE_na0**2)* var_log wexVE_na0;
keep wexVE_na0 var_wexVE_na0 var_we_na0 we_na0;
run;

*naive™;

data hbr_nal ar;merge g groupOnal g_grouplnal ;
VE_nal ar=1-(log(1-arl)/log(1-ar0));

var VE nal ar=(((casel)/(n1*(nl-casel)))+((1-

VE nal an*(1-VE nal ar)*(case0)/(n0*(nO-
case0))))/((log(n0/(n0-case0)))**2);
we_nal=l/var_VE nal ar;

Frxkkkxx*calculating the variance of we_naQ **xxx*kxxxsk.
Num=(log(1-ar0))**2;

Var_num=4*num*ar0/(n0*(1-ar0));

Den a=arl/(n1*(1-arl));
Var_den_a=(den_a**2)*(1/((casel)*(1-arl)));

Den b=((1- VE nal ar)**2)*ar0/(n0*(1-ar0));

var log den b=(4*((1/(1- VE nal ar))**2)*

var VE nal ar )+ 1/((case0)*(1-ar0))+ 2*sqrt( ( 4*((1/(1-
VE_nal_ar))**2)* var_VE_nal_ar )* (1/((case0)*(1-ar0)))
);

var_den_b= (Den_b**2)* var_log_den_b;

den=den a+den b;

var_den= Var_den_a+ var_den_b+2*sqrt(Var_den_a*

var den b);

var log we nal=((1/num)**2)* Var num + ((1/den)**2)*
Var_den-2*sqrt( ((1/(num*den))**2)*var_num*var_den);
var_we_nal=(we_nal**2)* var_log_we_nal;

wexVE nal=we nal*VE nal ar;

var_log wexVE nal=var log we_nal + ((1/

VE nal ar)**2)*var VE nal ar
+2*sqrt(var_log_we_nal*((1/ VE_nal_ar)**2)*

var VE nal ar);

var_wexVE_nal= (wexVE_nal**2)* var_log_wexVE_nal,;
keep wexVE_nal var_wexVE_nal var_we_nal we_nal
;run;

data result_hbr_ar;merge hbr_na0_ar hbr_nal_ar;

num= wexVE_na0 + wexVE_nal;

den=we_na0+we_nal;

Var_num= var_wexVE_nal+ var_wexVE_na0;

Var_den= var_we_nal+ var_we_na0;

VE=num/den;

Var ve log=((1/num)**2)*var num+ ((1/den)**2)*var den-
2*sqrt( ((1/num)**2)*var_num * ((1/den)**2)*var_den );
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Var_ve=(ve**2)* Var_ve_log;

se_ve=sqrt(var_ve);

*********Cal CU|at|ng CI ***********;
eta=log(ve/(1-ve)); * using transformation of logit
FUNCTION OF ve;
var_eta=(1/(ve*(1-ve)))*(L/(ve*(1-ve)))*var_VE;*use delta
methods;

Il eta=eta-(1.96*sqrt(var eta));

ul eta=eta+(1.96*sgrt(var eta));
ve=exp(eta)/(1+exp(eta));* using transformation of expit
FUNCTION OF ve;

Il ve=exp(ll eta)/(1+exp(ll eta));
ul_ve=exp(ul_eta)/(1+exp(ul_eta));

*define true parameter of VE precision;
tp=(&p_naive*&vell)+ ((1-&p_naive)*&vel0);
lenght=ul ve-Il ve;

if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep ve se_ve ll_ve ul_ve lenght tp covtot; run;

%if &i = 1 %then %do;
data outall_ar_hbr;
set result_hbr_ar;
%end;
%else %do;
proc append base=outall_ar_hbr data=result_hbr_ar;quit;
%end;

%mend sim_AR;

C3.2 Person Time Approach (FU)
%macro sim_FU;

*HHHH RAW VE FU #HHHHIHHHEHRE,

proc sort data=sim; by group ;run;

proc means data=sim noprint;

output out=out2 sum(case)=sum_case sum(time)=sum_time;
by group ;run;

data raw_groupO_fu (where=(group=0) rename=(_freq_=n0
sum case=case0 sum time=t0))

raw_groupl_fu (where=(group=1)rename=(_freq_=nl
sum_case=casel sum_time=t1));
set out2;run;

data result_raw_fu;merge raw_groupO_fu raw_groupl_fu;
r=t1/to;

p=casel/(case0+casel);

rr=p/(r*(1-p));

VE=1-rr;

var_ve=rr*rr*(1/(casel)+ 1/(case0)+ 1L/t1 + 1/t0);

se ve=sqrt(var ve);
11=1/(1+(2*(case0+1))/(2*case1*finv(0.025,2*casel,2*(case
0+1))));
ul=1/(1+(2*case0)/(2*(case1+1)*finv(0.975,2*(casel+1),2*c
ase0)));

1_ve=1-ul/(r*(1-ul));

ul ve=1-1l/(r*(1-11));

tp=(&p_naive*&vell)+ ((1-&p_naive)*&vel0);*define true
parameter of VE general weighted;

lenght=ul ve-Il ve;

if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep ve se_ve Il_ve ul_ve tp lenght covtot; run;

%if &i = 1 %then %do;

data outall_fu_raw;
set result_raw_fu;
%end,;
Y%else %do;
proc append base=outall_fu_raw
data=result_raw_fu;quit;
%end,;

* AR FU halloran #HHHHHHHHHHEHHE,

proc sort data=sim; by naive group ;run;

proc means data=sim noprint;

output out=outl sum(case)=sum_case sum(time)=sum_time;
by naive group ;run;

data hal fu_groupO (where=(group=0))
hal_fu_groupl (where=(group=1));

set outl;

R=sum_case/sum_time;

drop _type_;run;

data hal_groupOna0_fu (where=(naive=0)
rename=(_freq =n0 sum case=case0 sum time=t0 r=r0))

hal_groupOnal_fu (where=(naive=1)
rename=(_freq_=n1 sum_case=casel sum_time=t1 r=rl));
set hal_fu_groupO; run;

data hal_grouplna0_fu (where=(naive=0)
rename=(_freq =n0 sum case=case0 sum time=t0 r=r0))

hal_grouplnal_fu (where=(naive=1)
rename=(_freq_=n1 sum_case=casel sum_time=t1 r=rl));
set hal_fu_groupl; run;

data hal_grO_fu;merge hal_groupOna0_fu hal_groupOnal_fu

we_na0=n0/(n0+nl);

we_nal=n1/(n0+nl);

den=we na0*r0 +we nal*rl;

var_r0=r0*r0*(1/(case0) +1/t0);

var_rl=r1*r1*(1/(casel) +1/t1);
var_den=(we_na0*we_na0*var_r0)+(we_nal*we_nal*var_r
1);

keep den var_den;run;

data hal_grl_fu;merge hal_grouplna0_fu hal_grouplnal_fu

we_na0=n0/(n0+nl);

we_nal=n1/(n0+nl);

num=we na0*r0 +we nal*rl;

var r0=r0*r0*(1/(case0) +1/t0);

var_rl=r1*r1*(1/(casel) +1/t1);
var_num=(we_na0*we_na0*var_r0)+(we_nal*we_nal*var_
rl);

keep num var_num;run;

data result_hal_fu;merge hal_gr0_fu hal_grl_fu;
rr=num/den;

VE=1-rr;

var_rr=rr*rr* ((var_num/(num*num)+ var_den/(den*den));
var_ve=var_IT;

se_ve=sqrt(var_ve);

*********Cal CU|at|ng CI ***********;
eta=log(ve/(1-ve)); * using transformation of logit
FUNCTION OF ve;
var_eta=(1/(ve*(1-ve)))*(L/(ve*(1-ve)))*var_VE;*use delta
methods;

Il eta=eta-(1.96*sqrt(var eta));
ul_eta=eta+(1.96*sqrt(var_eta));
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ve=exp(eta)/(1+exp(eta));* using transformation of expit
FUNCTION OF ve;

Il ve=exp(ll eta)/(1+exp(ll eta));
ul_ve=exp(ul_eta)/(1+exp(ul_eta));

*define true parameter of VVE hal assume in here N the same
as T,

numtp=&p naive*((1-&vell)*&p c01) + (1-

&p naive)*((1-&vel0)*&p c00);

dentp=&p naive*&p_c01 +(1-&p_naive)*&p_c00;
tp=1- numtp/dentp ;

lenght=ul ve-Il ve;

if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep ve se_ve Il_ve ul_ve tp lenght covtot; run;

run;

%if &i = 1 %then %do;
data outall_fu_hal;
set result_hal_fu;
%end;
%else %do;
proc append base=outall_fu_hal data=result_hal_fu;quit;
%end;

* FU general weighted - number of cases and follow up time;

data naive0 (where=(naive=0))
naivel (where=(naive=1));
set outl;drop _type_;run;

data groupOna0 (where=(group=0) rename=(_freq_=n0
sum case=case0 sum time=t0))
grouplna0 (where=(group=1) rename=(_freq_=nl
sum_case=casel sum_time=t1));
set naive0; run;

data groupOnal (where=(group=0) rename=(_freq_=NO
sum_case=case0 sum_time=t0))

grouplnal (where=(group=1) rename=(_freq_=N1
sum_case=casel sum_time=t1));
set naivel; run;

data na0;merge groupOna0 grouplna0 ;
r=t1/t0;

p=casel/(case0+casel);

rr=p/(r(1-p));

VE non=1-rr;

var ve non=rr*rr*(1/(case0) + 1/(casel) + 1/t0 + 1/t1);
11=1/(1+(2*(case0+1))/(2*case1*finv(0.025,2*casel,2*(case
0+1))));
ul=1/(1+(2*case0)/(2*(case1+1)*finv(0.975,2*(casel+1),2*c
ase0)));

VE_non_l=1-ul/(r*(1-ul));

VE_non_ul=1-1/(r*(1-I1));

N_non=NO+N1;

t_non=t0+t1;run;

data nal;merge groupOnal grouplnal ;

r=t1/t0;

p=casel/(case0+casel);

rr=p/(r<(1-p)) ;

VE naive=1-rr;

var ve naive=rr*rr*(1/(case0) + 1/(casel) + 1/t0 + 1/t1);
11=1/(1+(2*(case0+1))/(2*case1*finv(0.025,2*casel,2*(case
0+1)));

ul=1/(1+(2*case0)/(2*(case1+1)*finv(0.975,2*(casel+1),2*c
ase0)));

VE naive lI=1-ul/(r*(1-ul));

VE_naive_ul=1-1l/(r*(1-1));

N_naive=NO+N1;

t_naive=t0+t1;run;

[*weighted based on number of cases*/

datag fu N;

merge na0 nal;

name=we_N/;

w_nal_N=N_naive/(N_naive+N_non);
w_na0_N=N_non/(N_naive+N_non);
VE=(w_nal_N*VE_naive)+(w_na0_N*VE_non);
var_ve=(w_nal N*w_nal_N*var_ve_naive)+(w_na0_N*w_
na0_N*var_ve_non);

se_ve=sqrt(var_ve);

Il_ve=(w_nal N*VE_naive_ll)+(w_na0_N*VE_non_ll);
ul_ve=(w_nal_ N*VE_naive_ul)+(w_na0_N*VE_non_ul);
lenght=ul ve-Il ve;

tp=(&p_naive*&vell)+ ((1-&p_naive)*&vel0);*define true
parameter of VE general weighted;

if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep name ve se_ve Il_ve ul_ve lenght tp covtot; run;

[*weighted based on total number of follow up time*/

data g fu_t;

merge na0 nal;

name=we_t";

we_naive_t=t_naive/(t_naive+t_non);
we_non_t=t_non/(t_naive+t_non);
VE=(we_naive_t*VE_naive)+(we_non_t*VE_non);
var_ve=(we_naive_t*we_naive_t*var_ve_naive)+(we_non_t
*we_non_t*var_ve_non);

se_ve=sqrt(var_ve);
Il_ve=(we_naive_t*VE_naive_ll)+(we_non_t*VE_non_lI);
ul_ve=(we_naive_t*VE_naive_ul)+(we_non_t*VE_non_ul);
lenght=ul ve-Il ve;

tp=(&p_naive*&vell)+ ((1-&p_naive)*&vel0);*define true
parameter of VE general weighted;

if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep name ve se_ve Il_ve ul_ve lenght tp covtot; run;

data result_g_fu;set g_fu_N g_fu_t;run;

%if &i = 1 %then %do;
data outall_fu_g;
set result_g_fu;
%end;
%else %do;
proc append base=outall_fu_g data=result_g_fu;quit;
%end;

A FU - Dy naive #H#HEHHHHH A,

data fu_nal;set nal;name="naive’

ve=VE_naive;

se_ve=sqrt(var_ve_naive);

Il_ve=VE_naive_ll;

ul_ve=VE_naive_ul,

tp=&vell;*define true parameter of VE naive;
lenght=ul ve-Il ve;

if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep name ve se_ve Il_ve ul_ve tp lenght covtot; run;
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data fu_na0;set na0;name="non-n’;

ve=VE_non;

se_ve=sqrt(var_ve_non);

II_ve=VE_non_lI;

ul_ve=VE_non_ul;

tp=&vel0;*define true parameter of VE naive;
lenght=ul ve-Il ve;

if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep name ve se_ve Il_ve ul_ve tp lenght covtot; run;

data result_fu_bynaive;set fu_na0 fu_nal;run;

%if &i = 1 %then %do;

data outall_fu_bynaive;

set result_fu_bynaive;
%end;
%else %do;

proc append base=outall_fu_bynaive
data=result_fu_bynaive;quit;

%end;

*H### FU - precision approach haber #HHHH#H#HHHHHE,

*non-naive*;

data hbr_fu_naO;merge groupOna0 grouplna0 ;

r=t1/t0;

p=casel/(case0+casel);

rr=p/(r*(1-p)) ;

VE n0=1-rr;

var ve nO=rr*rr*(1/(case0) + 1/(casel) + 1/t0 + 1/t1);
11=1/(1+(2*(case0+1))/(2*case1*finv(0.025,2*casel,2*(case
0+1))));
ul=1/(1+(2*case0)/(2*(case1+1)*finv(0.975,2*(casel+1),2*c
ase0)));

VE nO lI=1-ul/(r*(1-ul));

VE_nO0_ul=1-l/(r*(1-1));

We_na0=1/ var_ve no0;

Frxkkkxx*calculating the variance of we_naQ **xxx*xxxk.
Var log rr=(1/(case0) + 1/(casel));

var_log var=((1/var_log rr)**2)*( (1-
casel/tl)*(casel)/((casel)**4)+ (1-
case0/t0)*(case0)/((case0)**4) );

var log we0=4* Var log rr+
var_log_var+4*sqrt(Var_log_rr* var_log_var);
var_we0=(we_na0**2)* var_log_we0;

wexVE na0=We na0* VE n0;

var_log wexVE naO=var log we0+ ((1/ VE n0Q)**2)*
var_ve_n0 +2*sqgrt(var_log_we0*((1/ VE_nQ)**2)*
var ve n0);

var_wexVE_na0= (wexVE_na0**2)* var_log_wexVE_naO0;
VE_lIxwe_na0=VE_n0_II* We_na0;

VE_ulxwe_na0= VE_n0_ul* We_na0;

keep wexVE_na0 var_wexVE_na0 var_we0 we_na0
VE_lIxwe_na0 VE_ulxwe_na0;run;

*naive*;

data hbr_fu_nal;merge groupOnal grouplnal;

r=t1/t0;

p=casel/(case0+casel);

rr=p/(r<(1-p)) ;

VE nl=1-rr;

var ve nl=rr*rr*(1/(case0) + 1/(casel) + 1/t0 + 1/t1);
11=1/(1+(2*(case0+1))/(2*case1*finv(0.025,2*casel,2*(case
0+1)));

ul=1/(1+(2*case0)/(2*(case1+1)*finv(0.975,2*(casel+1),2*c
ase0)));

VE nl lI=1-ul/(r*(1-ul));

VE_n1 ul=1-II/(r*(1-1D));

We_nal=1/ var_ve_nil;

Frxkkkxx*calculating the variance of we_nal **xxxskxxxsk.
Var log rr=(1/(case0) + 1/(casel));

var_log var=((1/var_log rr)**2)*( (1-
casel/tl)*(casel)/((casel)**4)+ (1-
case0/t0)*(case0)/((case0)**4) );

var log wel=4* Var log rr+

var_log var+4*sqrt(Var log rr* var log_var);
var_wel=(we_nal**2)* var_log_wel;

wexVE nal=We nal* VE nil,;

var_log wexVE nal=var log wel+ ((1/ VE nl)**2)*
var_ve_nl +2*sgrt(var_log_wel*((1/ VE_nl)**2)*
var ve nl);

var_wexVE_nal= (wexVE_nal**2)* var_log_wexVE_nal,;
VE_lIxwe_nal=VE nl_IlI* We_nal;

VE_ulxwe_nal= VE_nl ul* We_nal;

keep wexVE_nal var_wexVE_nal var_wel we_nal
VE_lIxwe_nal VE_ulxwe_nal;run;

data result_hbr_fu;merge hbr_fu_nal hbr_fu_na0;

num= wexVE_nal+ wexVE_na0;

den=we_nal+we_na0;

Var_num=var_wexVE_nal+ var_wexVE_na0;
Var_den= var_wel+ var_we0;

VE=num/den;

Var ve log=((1/num)**2)*var num+ ((1/den)**2)*var den-
2*sart( ((1/num)**2)*var_num * ((1/den)**2)*var_den );
Var_ve=(ve**2)* Var_ve_log;

se_ve=sqrt(var_ve);

Il_ve= (VE_lIxwe_nal+ VE_lIxwe_na0)/den;

ul_ve= (VE_ulxwe_nal+ VE_ulxwe_na0)/den;

*define true parameter of VE precision;
tp=(&p_naive*&vell)+ ((1-&p_naive)*&vell);
lenght=ul_ve-Il_ve;

if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep ve se_ve Il_ve ul_ve tp lenght covtot; run;

%if &i = 1 %then %do;
data outall_fu_hbr;
set result_hbr_fu;
%end;
%else %do;
proc append base=outall_fu_hbr data=result_hbr_fu;quit;
%end;

%mend sim_FU;

C3.3 Proportional Hazard (HR)
%macro sim_hazard,;

*#HHH# RAW VE_hazard #HHHHHIHHHHE,
ods output parameterestimates=hr_raw_parm;
ods select parameterestimates;

proc phreg data=sim;

class group(ref="0";

model time*censored(1)=group/risklimits covb;
run;

data result_hr_raw;set hr_raw_parm;
ve=1-HazardRatio;
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varHR=(HazardRatio*HazardRatio)*(StdErr*StdErr);*use
delta methods;

varVE=varHR;*use delta methods;

se ve=sgrt(varVe);

I_ve=1-HRUpperCL;

ul ve=1-HRLowerCL;

tp=(&p_naive*&vell)+ ((1-&p_naive)*&vel0);*define true
parameter of VE ;

lenght=ul ve-Il ve;

if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep ve se_ve Il_ve ul_ve tp lenght covtot; run;

%if &i = 1 %then %do;

data outall_hr_raw;

set result_hr_raw;
%end;
%else %do;

proc append base=outall_hr_raw
data=result_hr_raw;quit;

%end;

*HHHHHAHE Dynaive VE_hazard #HHHHHHHHEHHHE,

proc sort data=sim ;by naive;run;

ods select parameterestimates;

ods output parameterestimates=hr_bynaive_parm;
proc phreg data=sim ;

class group(ref='0";

model time*censored(1)=group/risklimits covb;
by naive;run;

data result hr bynaive;set hr bynaive parm;

if naive=1 then name="naive';else name="non-n’;
ve=1-HazardRatio;
varHR=(HazardRatio*HazardRatio)*(StdErr*StdErr);*use
delta methods;

varVE=varHR;*use delta methods;

se ve=sgrt(varVe);

Il ve=1-HRUpperCL;

ul ve=1-HRLowerCL;

if naive=1 then tp=&vell; else tp=&vel0;*define true
parameter of VE RAW;

lenght=ul ve-Il ve;

if II_ve<=tp and ul_ve >=tp then covtot=1;else covtot=0;
*define the coverage;

keep name ve se_ve Il_ve ul_ve tp lenght covtot; run;

%if &i = 1 %then %do;

data outall_hr_bynaive;

set result_hr_bynaive;
%end,;
Y%else %do;

proc append base=outall_hr_bynaive
data=result_hr_bynaive;quit;

%end,;

*##Ht general weighted VE_hazard- number of cases and
follow up time ##HHH#H#HE,

proc sort data=sim; by naive ;run;

proc means data=sim noprint;

output out=outhr sum(case)=sum_case sum(time)=sum_time;
by naive ;

run;

data hr_g_naive0 (where=(naive=0)rename=(_freq_=n0
sum case=case0 sum time=t0))

hr_g_naivel (where=(naive=1)rename=(_freq_=nl
sum_case=casel sum_time=t1));
set outhr;drop _type_;run;

data hr_g_n0 (where=(name="non-n’)rename=(ve=ve0
se_ve=se0 Il_ve=Il0 ul_ve=ul0))

hr_g_n1 (where=(name="naive’)rename=(ve=vel
se_ve=sel Il_ve=II1 ul_ve=ull));
set result_hr_bynaive;run;

***weighted by N;

data hr_g_n;merge hr_g_n0 hr_g_n1 hr_g_naive0
hr_g_naivel;

name='we_N/;

w0=n0/(n0+n1);

wl=n1/(n0+nl);

ve=w0*ve0+wl*vel;

var_ve= w0*w0*se0*se0 + wl*wl*sel*sel ;
se_ve=sqrt(var_ve);

Il ve=wO0*l10+w1*Il1;

ul_ve=wO0*ul0+w1*ull;

lenght=ul ve-Il ve;

tp=(&p_naive*&vell)+ ((1-&p_naive)*&vel0);*define true
parameter of VE general weighted;

if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep name ve se_ve Il_ve ul_ve lenght tp covtot; run;

***weighted by t;

data hr_g_t;merge hr_g_n0 hr_g_n1 hr_g_naive0
hr_g_naivel;

name='we_T";

wO0=t0/(t0+t1);

wil=t1/(t0+t1);

ve=w0*ve0+wl*vel;

var_ve= w0*w0*se0*se0 + wl*wl*sel*sel ;
se_ve=sqrt(var_ve);

Il ve=wO0*l10+w1*Il1;

ul_ve=wO0*ul0+w1*ull;

lenght=ul ve-Il ve;

tp=(&p_naive*&vell)+ ((1-&p_naive)*&vel0);*define true
parameter of VE general weighted;

if II_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep name ve se_ve Il_ve ul_ve lenght tp covtot; run;

data result_hr_g;set hr_g_t hr_g_n;run;

%if &i = 1 %then %do;
data outall_hr_g;
set result_hr_g;
%end;
Y%else %do;
proc append base=outall_hr_g data=result_hr_g;quit;
%end;

*HHHAHH haber VE_hazard #HHHAHHHAHHH,

data hr_hbr_parm;set hr_bynaive_parm;
ve=1-HazardRatio;

Il ve=1-HRUpperCL;

ul_ve=1-HRLowerCL;
varHR=(HazardRatio*HazardRatio)*(StdErr*StdErr);*use
delta methods;

varVE=varHR;*use delta methods;
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weight=1/varVE; set result_poiss_raw;

VExw=weight*VE; %end;

VExw_II=weight*ll_ve; %else %do;

VExw_ul=weight*ul_ve;run; proc append base=outall_poiss_raw
data=result_poiss_raw;quit;

proc means data=hr_hbr_parm noprint;output %end;

out=hr_hbr_parm2

sum(VExw)=sum_wexVE *HHHAHHHAE Dy naive VE_POisson HHHHHHHAHHHHLE,

sum(VExw_Il)=sum_wexVE_lI proc sort data=sim2;by naive;run;

sum(VExw_ul)=sum_wexVE_ul ods select parameterestimates;

sum(weight)=sum_we;run; ods output parameterestimates=pois_bynaive_parm;
proc genmod data=sim2;

data result_hr_hbr;set hr_hbr_parm2 ; class group(ref='0")/param=ref;

VE=sum_wexVE/sum_we; model case=group/offset=logt dist=poisson link=log dscale;

I1_ve=sum_wexVE_Il/sum_we; by naive;

ul_ve=sum_wexVE_ul/sum_we; run;

*define true value (tp);
tp=(&p_naive*&vell)+ ((1-&p_naive)*&vel0);*define true | data result_poiss_bynaive;set pois_bynaive_parm;

parameter of VE general weighted; if parameter ne 'group’ then delete;
lenght=ul ve-ll ve; if naive=1 then name="naive';else name="non-n’;
if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0; VE=1-exp(Estimate);
*define the coverage; varRR=(exp(Estimate)*exp(Estimate))*(StdErr*StdErr);*use
keep ve I1_ve ul_ve tp lenght covtot; run; delta methods;
varVE=varRR;*use delta methods;
%if &i = 1 %then %do; se ve=sgrt(varVe);
data outall_hr_hbr; Il ve=1-exp(UpperWaldCL);
set result_hr_hbr; ul ve=1-exp(LowerWaldCL);
%end; if naive=1 then tp=&vell; else tp=&vel0;*define true
%else %do; parameter of VE RAW;
proc append base=outall_hr_hbr data=result_hr_hbr;quit; | lenght=ul ve-Il ve;
%end; if Il_ve<=tp and ul_ve >=tp then covtot=1;else covtot=0;
*define the coverage;
%mend sim_hazard; keep name ve se_ve Il_ve ul_ve tp lenght covtot; run;

%if &i = 1 %then %do;

C3. 4 Poisson Regression data outall_poiss_bynaive;
- . - set result_poiss_bynaive;
%% macro sim_poisson; %end:

%else %do;
proc append base=outall_poiss_bynaive
data=result_poiss_bynaive;quit;
%end;

*HHHHHH RAW VE_poisson #HHHHHHHHY,
data sim2;set sim;logt=log(time);run;

ods select parameterestimates;

ods output parameterestimates=pois_raw_parm;
proc genmod data=sim2;

class group(ref='0")/param=ref;

model case=group/offset=logt dist=poisson link=log
dscale;run;

*### general weighted VE_poisson- number of cases ####;

proc sort data=sim; by naive ;run;

proc means data=sim noprint;

output out=outpoiss sum(case)=sum_case
sum(time)=sum_time ;

by naive ;

run;

data result_poiss_raw;set pois_raw_parm;

if parameter ne 'group' then delete;

VE=1-exp(Estimate);
varRR=(exp(Estimate)*exp(Estimate))*(StdErr*StdErr);*use
delta methods;

varVE=varRR;*use delta methods;

se ve=sgrt(varVe);

Il ve=1-exp(UpperWaldCL);

ul_ve=1-exp(LowerWaldCL);

tp=(&p_naive*&vell)+ ((1-&p_naive)*&vel0);*define true
parameter of VE general weighted;

lenght=ul ve-Il ve;

if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep ve se_ve Il_ve ul_ve tp lenght covtot; run;

data poiss_g_naive0 (where=(naive=0)rename=(_freq_=n0
sum_case=case0 sum_time=t0))

poiss_g_naivel (where=(naive=1)rename=(_freq_=nl
sum_case=casel sum_time=t1));
set outpoiss;drop _type_;run;

data poiss_g_n0 (where=(name="non-n")rename=(ve=ve0
se_ve=se0 Il_ve=Il0 ul_ve=ul0))

poiss_g_nl (where=(hame=naive')rename=(ve=vel
se_ve=sel Il_ve=II1 ul_ve=ull));
set result_poiss_bynaive;run;

***weighted by N;

%if &i = 1 %then %do; data poiss_g_n;

data outall_poiss_raw;
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merge poiss_g_naive0 poiss_g_naivel poiss_g_n0
poiss_g nl;

name=we_ N/

w0=n0/(n0+n1);

w1=n1/(n0+nl);

ve=w0*ve0+wl*vel;

var_ve= w0*w0*se0*se0 + wl*wl*sel*sel ;
se_ve=sqrt(var_ve);

I ve=w0*l10+w1*Il1;

ul_ve=wO0*ul0+w1*ull;

lenght=ul ve-Il ve;

tp=(&p_naive*&vell)+ ((1-&p_naive)*&vel0);*define true
parameter of VE general weighted;

if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep name ve se_ve Il_ve ul_ve lenght tp covtot; run;

***weighted by t;

data poiss_g_t;

merge poiss_g_naive0 poiss_g_naivel poiss_g_n0
poiss_g_nl;

name=we_ T/

wO0=t0/(t0+t1);

wil=t1/(t0+t1);

ve=w0*ve0+wl*vel;

var_ve= w0*w0*se0*se0 + wl*wl*sel*sel ;
se_ve=sqrt(var_ve);

I ve=w0*l10+w1*Il1;

ul_ve=w0*ul0+w1*ull;

lenght=ul ve-Il ve;

tp=(&p_naive*&vell)+ ((1-&p_naive)*&vel0);*define true
parameter of VE general weighted;

if II_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep name ve se_ve Il_ve ul_ve lenght tp covtot; run;

data result_poiss_g;set poiss_g_t poiss_g_n;run;

%if &i = 1 %then %do;

data outall_poiss_g;

set result_poiss_g;
%end;
%else %do;

proc append base=outall_poiss_g
data=result_poiss_g;quit;

%end;

*HHHH# haber VE_poiss #HHHHH#H,

data poiss_hbr_parm;set pois_bynaive_parm;
if parameter ne 'group’ then delete;
rr=exp(Estimate);

VE=1-rr;

VE_IlI=1-exp(UpperWaldCL);
VE_ul=1-exp(LowerWaldCL);
varRR=(rr*rr)*(StdErr*StdErr);*use delta methods;
varVE=varRR;*use delta methods;
weight=1/varVE;

VExw=weight*VE;
VExw_IlI=weight*VE_II;
VExw_ul=weight*VE_ul;run;

proc means data=poiss_hbr_parm noprint;
output out=poiss_hbr_parm?2
sum(VExw)=sum_wexVE
sum(VExw_Il)=sum_wexVE_lI
sum(VExw_ul)=sum_wexVE_ul

sum(weight)=sum_we;run;

data result_poiss_hbr;set poiss_hbr_parm2 ;
VE=sum_wexVE/sum_we;
11_ve=sum_wexVE_Il/sum_we;
ul_ve=sum_wexVE_ul/sum_we;

*define true value (tp);

tp=(&p_naive*&vell)+ ((1-&p_naive)*&vel0);
lenght=ul ve-Il ve;

if Il_ve<=tp and ul_ve >=tp then covtot=1; else covtot=0;
*define the coverage;

keep ve se_ve Il_ve ul_ve tp lenght covtot; run;

%if &i = 1 %then %do;

data outall_poiss_hbr;

set result_poiss_hbr;
%end;
%else %do;

proc append base=outall_poiss_hbr
data=result_poiss_hbr;quit;

%end;

%mend sim_poisson;

C4. Macro Compile

C4.1 Attack Rates Approach (AR)
%macro compile_AR;

*#AR_raw final output#;
data outall ar raw; set outall ar raw ;
if se_ve=. then delete;if lenght=. then delete;run;

proc means data= outall_ar_raw noprint;
output out=outall_ar raw2 mean(tp)=tp
mean(ve)=ve stddev(ve)=std_ve
mean(se_ve)=se_ve
mean(ll_ve)=Il_ve mean(ul_ve)=ul_ve
mean(lenght)=lenght
sum(covtot)=covtot;run;

data outall_ar_raw2; set outall_ar_raw2;
method="AR";name="raw";
mse=(ve-tp)*(ve-tp)+(std_ve)*(std_ve);
coverage=covtot/ freq *100;

keep method name _freq_ tp ve std_ve se_ve Il_ve ul_ve
lenght coverage mse ;run;

*#AR_hal final output#;
data outall ar hal; set outall ar hal ;
if se_ve=. then delete;if lenght=. then delete;run;

proc means data= outall_ar_hal noprint;
output out= outall_ar_hal2 mean(tp)=tp
mean(ve)=ve stddev(ve)=std_ve
mean(se_ve)=se_ve
mean(ll_ve)=Il_ve mean(ul_ve)=ul_ve
mean(lenght)=lenght
sum(covtot)=covtot;run;

data outall_ar_hal2; set outall_ar_hal2;
method="AR";name="hal’;
mse=(ve-tp)*(ve-tp)+(std_ve)*(std_ve);
coverage=covtot/_freq_*100;
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keep method name _freq_ tp ve std_ve se_ve Il_ve ul_ve
lenght coverage mse ;run;

*#AR_g final output#;
data outall_ar_g; set outall_ar g;
if se_ve=. then delete;if lenght=. then delete;run;

proc means data= outall_ar_g noprint;
output out= outall_ar_g2 mean(tp)=tp
mean(ve)=ve stddev(ve)=std_ve
mean(se_ve)=se_ve
mean(ll_ve)=Il_ve mean(ul_ve)=ul_ve
mean(lenght)=lenght
sum(covtot)=covtot;run;

data outall_ar_g2; set outall_ar_g2;

method="AR';name='we_N’;

mse=(ve-tp)*(ve-tp)+(std_ve)*(std_ve);

coverage=covtot/ freq *100;

keep method name _freq_ tp ve std_ve se_ve Il_ve ul_ve

lenght coverage mse ;run;

*#AR_bynaive final output#;
data outall ar bynaive; set outall ar bynaive ;
if se_ve=. then delete;if lenght=. then delete;run;

proc sort data=outall_ar_bynaive; by name;run;
proc means data= outall_ar_bynaive noprint;
output out= outall_ar_bynaive2 mean(tp)=tp
mean(ve)=ve stddev(ve)=std_ve
mean(se_ve)=se_ve
mean(ll_ve)=ll_ve mean(ul_ve)=ul_ve
mean(lenght)=lenght
sum(covtot)=covtot;by name;run;

data outall_ar_bynaive2; set outall_ar_bynaive2;
method="AR";

mse=(ve-tp)*(ve-tp)+(std_ve)*(std_ve);
coverage=covtot/_freq_*100;

keep method name _freq_ tp ve std_ve se_ve Il_ve ul_ve
lenght coverage mse ;run;

*#AR_hbr final output#;
data outall ar hbr; set outall ar hbr;
if se_ve=. then delete;if lenght=. then delete;run;

proc means data= outall_ar_hbr noprint;
output out= outall_ar_hbr2 mean(tp)=tp
mean(ve)=ve stddev(ve)=std_ve
mean(se_ve)=se_ve
mean(ll_ve)=ll_ve mean(ul_ve)=ul_ve
mean(lenght)=lenght
sum(covtot)=covtot;run;
data outall_ar_hbr2; set outall_ar_hbr2;
method="AR";name="pres";
mse=(ve-tp)*(ve-tp)+(std_ve)*(std_ve);
coverage=covtot/ freq *100;
keep method name _freq_ tp ve std_ve se_ve Il_ve ul_ve
lenght coverage mse ;run;

data final_ar;

set outall_ar_bynaive2 outall_ar_raw?2 outall_ar_g2
outall_ar_hal2 outall_ar_hbr2;

n=&n;

r_naive=&p_naive;

IRc_naive=&p_c01;

IRc_non=&p_c00;

VE_naive=&vell;

ve_non=&vel0;
run;

%mend compile_AR,;

C4.2 Person Time Approach (FU)
%macro compile_FU;

*#FU_raw final output#;
data outall fu raw; set outall fu raw ;
if se_ve=. then delete;if lenght=. then delete;run;

proc means data= outall_fu_raw noprint;
output out= outall_fu_raw2 mean(tp)=tp
mean(ve)=ve stddev(ve)=std_ve
mean(se_ve)=se_ve
mean(ll_ve)=Il_ve mean(ul_ve)=ul_ve
mean(lenght)=lenght
sum(covtot)=covtot; run;
data outall_fu_raw2; set outall_fu_raw2;
method="FU";name="raw’;
mse=(ve-tp)*(ve-tp)+(std_ve)*(std_ve);
coverage=covtot/_freq_*100;
keep method name _freq_ tp ve std_ve se_ve Il_ve ul_ve
lenght coverage mse ;run;

*#fu_hal final output#;
data outall fu hal; set outall fu hal ;
if se_ve=. then delete;if lenght=. then delete;run;

proc means data= outall_fu_hal noprint;
output out= outall_fu_hal2 mean(tp)=tp
mean(ve)=ve stddev(ve)=std_ve
mean(se_ve)=se_ve
mean(ll_ve)=Il_ve mean(ul_ve)=ul_ve
mean(lenght)=lenght
sum(covtot)=covtot;run;

data outall_fu_hal2; set outall_fu_hal2;
method="FU';name="hal’;
mse=(ve-tp)*(ve-tp)+(std_ve)*(std_ve);
coverage=covtot/ freq *100;

keep method name _freq_ tp ve std_ve se_ve Il_ve ul_ve
lenght coverage mse ;run;

*#FU _g final output#;
data outall_fu_g; set outall fu g;
if se_ve=. then delete;if lenght=. then delete;run;

proc sort data=outall_fu_g; by name;run;

proc means data= outall_fu_g noprint;
output out= outall_fu_g2 mean(tp)=tp
mean(ve)=ve stddev(ve)=std_ve
mean(se_ve)=se_ve
mean(ll_ve)=Il_ve mean(ul_ve)=ul_ve
mean(lenght)=lenght
sum(covtot)=covtot;by name;run;

data outall_fu_g2; set outall_fu_g2;

method="FU";

mse=(ve-tp)*(ve-tp)+(std_ve)*(std_ve);

coverage=covtot/ freq *100;

keep method name _freq_ tp ve std_ve se_ve Il_ve ul_ve

lenght coverage mse ;run;

*#FU_bynaive final output#;
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data outall fu bynaive; set outall fu bynaive ;
if se_ve=. then delete;if lenght=. then delete;run;

proc sort data=outall_fu_bynaive; by name;run;
proc means data= outall_fu_bynaive noprint;
output out= outall_fu_bynaive2 mean(tp)=tp
mean(ve)=ve stddev(ve)=std_ve
mean(se_ve)=se_ve
mean(ll_ve)=ll_ve mean(ul_ve)=ul_ve
mean(lenght)=lenght
sum(covtot)=covtot;by name;run;
data outall_fu_bynaive2; set outall_fu_bynaive2;
method="FU";
mse=(ve-tp)*(ve-tp)+(std_ve)*(std_ve);
coverage=covtot/ freq *100;
keep method name _freq_tp ve std_ve se_ve Il_ve ul_ve
lenght coverage mse;run;

*#FU_precision hbr final output#;
data outall fu hbr; set outall fu hbr ;
if se_ve=. then delete;if lenght=. then delete;run;

proc means data= outall_fu_hbr noprint;
output out= outall_fu_hbr2 mean(tp)=tp
mean(ve)=ve stddev(ve)=std_ve
mean(se_ve)=se_ve
mean(ll_ve)=ll_ve mean(ul_ve)=ul_ve
mean(lenght)=lenght
sum(covtot)=covtot;run;
data outall_fu_hbr2; set outall_fu_hbr2;
method="FU';name="pres’;
mse=(ve-tp)*(ve-tp)+(std_ve)*(std_ve);
coverage=covtot/ freq *100;
keep method name _freq_ tp ve std_ve se_ve Il_ve ul_ve
lenght coverage mse ;run;

data final_FU;

set outall_fu_bynaive2 outall_fu_raw2 outall_fu_g2
outall_fu_hal2 outall_fu_hbr2;

n=&n;

r_naive=&p_naive;

IRc_naive=&p_c01;

IRc_non=&p_c00;

VE_naive=&vell;

ve_non=&velo;

run;

%mend compile_FU;

C4.3 Proportional Hazard (HR)
%macro compile_hazard;

*#HR_raw final output#;

data outall hr raw; set outall hr raw ;

if ve<-200 then delete;if se_ve=. then delete;if lenght=. then
delete;run;

proc means data= outall_hr_raw noprint;
output out=outall_hr_raw2 mean(tp)=tp
mean(ve)=ve stddev(ve)=std_ve
mean(se_ve)=se_ve
mean(ll_ve)=ll_ve mean(ul_ve)=ul_ve
mean(lenght)=lenght
sum(covtot)=covtot;run;
data outall_hr_raw?2; set outall_hr_raw2;
method="HR'";name="raw’;

mse=(ve-tp)*(ve-tp)+(std_ve)*(std_ve);
coverage=covtot/ freq *100;

keep method name _freq_ tp ve std_ve se_ve Il_ve ul_ve
lenght coverage mse ;run;

*#HR_bynaive final output#;

data outall hr bynaive; set outall hr bynaive ;

if ve<-200 then delete;if se_ve=. then delete;if lenght=. then
delete;run;

proc sort data=outall_hr_bynaive; by name;run;
proc means data= outall_hr_bynaive noprint;
output out=outall_hr_bynaive2 mean(tp)=tp
mean(ve)=ve stddev(ve)=std_ve
mean(se_ve)=se_ve
mean(ll_ve)=Il_ve mean(ul_ve)=ul_ve
mean(lenght)=lenght
sum(covtot)=covtot;by name;run;
data outall_hr_bynaive2; set outall_hr_bynaive2;
method="HR";
mse=(ve-tp)*(ve-tp)+(std_ve)*(std_ve);
coverage=covtot/ freq *100;
keep method name _freq_ tp ve std_ve se_ve Il_ve ul_ve
lenght coverage mse ;run;

*#HR_general weighted final output#;

data outall hr g; setoutall hr g;

if ve<-200 then delete;if se_ve=. then delete;if lenght=. then
delete;run;

proc sort data=outall_hr_g; by name;run;
proc means data= outall_hr_g noprint;
output out=outall_hr_g2 mean(tp)=tp
mean(ve)=ve stddev(ve)=std_ve
mean(se_ve)=se_ve
mean(ll_ve)=Il_ve mean(ul_ve)=ul_ve
mean(lenght)=lenght
sum(covtot)=covtot;by name;run;
data outall_hr_g2; set outall_hr_g2;
method="HR";
mse=(ve-tp)*(ve-tp)+(std_ve)*(std_ve);
coverage=covtot/ freq *100;
keep method name _freq_ tp ve std_ve se_ve Il_ve ul_ve
lenght coverage mse ;run;

*#HR_precision hbr final output#;
data outall hr hbr; set outall hr hbr ;
if ve<-200 then delete;if lenght=. then delete;run;

proc means data= outall_hr_hbr noprint;
output out=outall_hr_hbr2 mean(tp)=tp
mean(ve)=ve stddev(ve)=std ve
mean(ll_ve)=Il_ve mean(ul_ve)=ul_ve
mean(lenght)=lenght
sum(covtot)=covtot;run;
data outall_hr_hbr2; set outall_hr_hbr2;
method="HR';name="pres’;
mse=(ve-tp)*(ve-tp)+(std_ve)*(std_ve);
coverage=covtot/ freq *100;
keep method name _freq_ tp ve std_ve Il_ve ul_ve lenght
coverage mse ;run;

data final_HR;

set outall_hr_bynaive2 outall_hr_raw2 outall_hr_g2
outall_hr_hbr2;

n=&n;

r_naive=&p_naive;
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IRc_naive=&p_c01;
IRc_non=&p_c00;
VE_naive=&vell;
ve_non=&vel0;
run;

%mend compile_hazard;

C4.4 Poisson Regression

% macro compile_poisson;

*#poiss_raw final output#;

data outall poiss raw; set outall poiss raw ;

if ve<-200 then delete;if se_ve=. then delete;if lenght=. then
delete;run;

proc means data= outall_poiss_raw noprint;
output out=outall_poiss_raw2 mean(tp)=tp
mean(ve)=ve stddev(ve)=std_ve
mean(se_ve)=se_ve
mean(ll_ve)=ll_ve mean(ul_ve)=ul_ve
mean(lenght)=lenght
sum(covtot)=covtot; run;
data outall_poiss_raw2; set outall_poiss_raw2;
method="PO";name="raw’;
mse=(ve-tp)*(ve-tp)+(std_ve)*(std_ve);
coverage=covtot/ freq *100;
keep method name _freq_ tp ve std_ve se_ve Il_ve ul_ve
lenght coverage mse ;run;

*#poiss_bynaive final output#;

data outall_poiss_bynaive; set outall_poiss_bynaive ;

if ve<-200 then delete;if se_ve=. then delete;if lenght=. then
delete;run;

proc sort data=outall_poiss_bynaive; by name;run;
proc means data= outall_poiss_bynaive noprint;
output out=outall_poiss_bynaive2 mean(tp)=tp
mean(ve)=ve stddev(ve)=std_ve
mean(se_ve)=se_ve
mean(ll_ve)=ll_ve mean(ul_ve)=ul_ve
mean(lenght)=lenght
sum(covtot)=covtot;by name;run;
data outall_poiss_bynaive2; set outall_poiss_bynaive2;
method="PO";
mse=(ve-tp)*(ve-tp)+(std_ve)*(std_ve);
coverage=covtot/ freq *100;
keep method name _freq_ tp ve std_ve se_ve Il_ve ul_ve
lenght coverage mse ;run;

*#poiss_general weighted final output#;

data outall poiss g; set outall poiss g ;

if ve<-200 then delete;if se_ve=. then delete;if lenght=. then
delete;run;

proc sort data=outall_poiss_g; by name;run;
proc means data= outall_poiss_g noprint;
output out=outall_poiss_g2 mean(tp)=tp
mean(ve)=ve stddev(ve)=std_ve
mean(se_ve)=se_ve
mean(ll_ve)=ll_ve mean(ul_ve)=ul_ve
mean(lenght)=lenght
sum(covtot)=covtot;by name;run;
data outall_poiss_g2; set outall_poiss_g2;
method="PO";
mse=(ve-tp)*(ve-tp)+(std_ve)*(std_ve);

coverage=covtot/ freq *100;
keep method name _freq_ tp ve std_ve se_ve Il_ve ul_ve
lenght coverage mse ;run;

*#poiss_haber final output#;
data outall poiss hbr; set outall poiss hbr ;
if ve<-200 then delete;if lenght=. then delete;run;

proc means data= outall_poiss_hbr noprint;
output out=outall_poiss_hbr2 mean(tp)=tp
mean(ve)=ve stddev(ve)=std ve
mean(ll_ve)=Il_ve mean(ul_ve)=ul_ve
mean(lenght)=lenght
sum(covtot)=covtot;run;
data outall_poiss_hbr2; set outall_poiss_hbr2;
method="PO';name="pres’;
mse=(ve-tp)*(ve-tp)+(std_ve)*(std_ve);
coverage=covtot/ freq *100;
keep method name _freq_ tp ve std_ve Il_ve ul_ve lenght
coverage mse ;run;

data final_Poisson;

set outall_poiss_bynaive2 outall_poiss_raw2 outall_poiss_g2
outall_poiss_hbr2;

n=&n;

r_naive=&p_naive;

IRc_naive=&p_c01;

IRc_non=&p_c00;

VE_naive=&vell,;

ve_non=&vel0;

run;

%mend compile_poisson;
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