








Exposed in DTPa2 group ~ Exposed in DTPa5group  Exposed in DTPwc group DT groy
N=T76 N =86 N=57 N=T74
Cases  VE% Cases VE% Cases VE% Cases
Clinical definition (cult pos) (95% Cl) {cult pos) (85% CI) (cult pos) (95% Cl) (cult pos)

Cough 1 day or more 61(26) 57(-9.1-196) 28 (13) 618(47.4-722) 47(25) 3.1( 129-16.8) 63 (43)
and positive lab criteria

CoughBdaysormore 58 (24) 104 (-4.4-23.1) 26(12) 645(50.4-746) 46(25)  52(-106-18.8) 63 (43)
and positive lab criteria

Cough 21 daysormore 35 ('7) 43.2(258-565) 21(11) 699 (556-79.6) 37(22) 199 (16-353)  60(43)
and positive lab criteria

Cough 30daysormore 29 (15)  44.6 (23.4-60.0) 14(10) 76.4 (60.9-85.7) 34 (21) 135(-125-335) 51(37) 128 (83)
and positive lab criteria

Spasmodic cough 29(17) 424 (19.9-585) 14 (10) 754 (59.2-85.2) 27(18) 2B.5(1.6-480) 49 (36) 119 (81)
21 days or more




Assay

No.

1 month after
of samples dose 3 (32 days)

19G anti-PT

1gG anti-FHA

19G anti-FIM 2/3

IgG anti-pertactin

164
170
119
139

164
170
119
139

164
170
119
139

164
170
119
139

59.3
49.8
1.9
09

111.4
333
8.8
0.8

0.9
352.4
15.5
08

06
116.7
126
06

53.6-65.7

45.0-55.1
1.5-24
0.8-1.1

100.5-123.6
30.0-37.1
7.4-10.6
0.7-0.9

0.8-1.0
304.1-408.3

9.9-24.1

0.8-1.0

0.6-0.7
102.8-132.4

9.7-16.4

0.6-0.7

P(disease) =

1

1+exp(—y)




|
1+ exp(—y)

P(disease) =

y=0.675-1.12PT - 1.992FIM —1.589PRN +1.993(PT x FIM)

Model 1: y = a; + b; x treatment

Model 2: y = a, + b, x treatment + g(PT, FIM, PRN)
where g( ) 1s the correlates model

PE=1-b,/5




Model Predicted VE

a2 41% a2 43%

a3 81 a3 83
a5 84
w 85

vaccinated

Dose 2 to Dose 3
Clinical Results — number of cases

Dose 3 to end follow-up
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Vaccine Effect on HZ
Vaccine effect explained
by gpELISA

Vaccine effect explained by
other contributing factors
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T ~ Clinical Endpoint
S ~ Surrogate Endpoint
Z ~ Treatment

Each subject can be potentially assigned to BOTH control
(Z=0) and treatment (Z=1) groups.

For every subject, there are TWO potential outcomes

S.(0) ~ potential surrogate resp. of subj. i if received control
S.(1) ~ potential surrogate resp. of subj. i if received treatment

T.(0) ~ potential clinical resp. of subj. i if received control
T.(1) ~ potential clinical resp. of subj. i if received treatment

Observed Surrogate
Qutcome Qutcome
in trials

Z=1
(Treatment)

In control group, no potential outcome under treatment.
In treatment group, no potential outcome under control.
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Principal strata are defined by the pair of values of the
potential outcomes S(0) and S{), assuming both §(0) and
S(1) are known. If S is a binary variable with levels Low and
High, then based on the potential outcomes of 5(0) and S(),
subjects can be classified into different strata:

If received If received

placebo vaccine

S.(0)=Low S (1) = High Vaccine has positive
effecton S

S.(0)=Low S.(1)=Low Vaccine has no effect

S.(0) = High S.(1) = High Vaccine has no effect

S.(0) = High S.(1)= Low

The fourth stratum shows that the patient has high
immunogenicity if received placebo and low immunogenicity if
received vaccine, which should be empty theoretically.

Average causal necessity
Pr[T(1)=1| S(0)=S(1)=s] = Pr[T(0)=1] S(0) = S(1) = 5]
Interpretation: Treatment cannot change the probability of HZ

without changing S. (5(0) = S(1) = s suggests treatment does not
affect S.)

Average causal sufficiency

Pr{T(1)=1|S(0)=s,.S(1)=5,] # Pr[T(0)=1|S(0) =s,,S(1) =5,]
forall |s,—s,[>c20

Interpretation: S(0) =s,,S(1) = s,(s, # 5,) suggests that treatment
has an impact on S. The inequality suggests that the treatment

affects the clinical outcome T through the surrogate S. A change
in S induces a change in probability of clinical outcome (T).
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e Deterministic regression imputation (single imputation)

The imputed values are exactly the predicted value based on
the regression model and the predictive uncertainty is ignored.
Only one set of the "complete" data is obtained after the
imputation.

Random regression imputation (multiple imputations)

The imputed value for a particular patient is draw from a normal
distribution with the predicted value of the patient as the mean
and the prediction error as the standard deviation. Multiple
imputations are carried out to account for the uncertainty in
prediction.

Potential Surrogate: 6-wk
gpELISA titer

Treatment |Patient T S(0) S(1)
Group
1 ' S; &

qobs Cimp

cobs Cimp
LSJ b!

S cobs crimp
Z=0 (Placebo) . ;;m g‘!m;p

i
Qimp cobs
S S

i

szp 5 obs

i i

szp S obs

i

Z=1 (Vaccine) Si"’”" gobs




¢ Fita linear regression model using data from the placebc
group (Z=0) including baseline and 6-week antibody responses

For those in the vaccine group, S,(0) is imputed based on this
model.

Fit a linear regression model using data from the vaccine group
(Z=1) including baseline and 6-week antibody responses

For those in the placebo group, S.(1) is imputed based on the
above model.

S(0) or S(1) Postvaccination Titer Postvaccination Fold
rise from baseline
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Freq and Probability of HZ within the Principal Strata where
Vaccine has no effect on the surrogate

If vaccine does not change
immunogenicity, then it does not change probability of HZ.

Freq and Probability of HZ within the stratum where vaccine had
an effect on surrogate

@ Staum [
Frequency | |12 ] 13 [ 14 |24 [34 | |

e B (30 B18 1
Grou No HZ S 156 | 582 | 17
P [Pr(Hz=1)| -- [16.67[18.32|5.67 5.56| |
r 0 0000000]
o R
G No HZ 3 21 158 | 568
roup

Pr(Hz=1)]0.00] 8.70 | 0.00 [1.22] - | |

When there is a change in
immunogenicity (S(0)#S(1)), there is also a change in the
probability of HZ.
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The imputation was repeated multiple times based on
regression models to obtain 1000 "complete" datasets. For
each imputed dataset, estimate the treatment effect within the
principal strata based on Cox regression model with age and
gender as the covariates:

e the total number of observations in each stratum

¢ the p-value of the treatment effect from the Cox regression
model

¢ the estimated treatment effect (hazard ratio) from the Cox
regression model
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2.0 Titer Difference

%00L %S.  %0S  %S2
(s)3A parewnsy

%0

160 Log 10-fold Rise
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V=I"+(1-n,/n)D.D,
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8, —

log(gpELISA)~ N

log(gpELISA)~ ]

logU,

A explfZ]
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— full cohort
---- case cohort
— case control
= hybrid
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full cohort
case cohort
case control
hybrid

36



case-cohort
case-control
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