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Influenza reviews — Outcome 4: local harms

Analysis 2.4. Comparison 2 Live aerosol vaccine versus placebo or 'do nothing’, Outcome 4 Local harms.

Revew: Vacsines for preventing influenza in healthy ad

Comparison: 2 Live serosol vaceine versus placebo or G nothing

Outcome: 4 Local narms

Study o subgroup Vacene Pracebldo nothing Risk Ratio Wegnt Risk Ratio
HRandom 5% Hiardom 95%
N N et &
Local - upper respiratory infection symptoms,
wa Ryel 1977 &3 7146 —_1 145% i3
o Evars 1976 am 258 - 635% 5[ 114,248)
o Bets 19772 a3 —t— 50% 39[035,555]
a5 Avmar 1990 46 ans — 101% 240[090,638]
a5 Ketel 1993 129 » —_1T s6% 71 [046.631]
o Ketel 19932 oo 13% 816052 12723]
Subtotal (95% CI 300 196 - 100.0 % 1.66 [1.22,2.27]
Total events: 100 (Vaccine). 41 (Placeboldo nothing)
Heterogeneity: Tau? = 00; Cn = 283, df = 5 (P = 073 F =00%
Test for overall eflect: Z = 322 (P = 00013)
2 Local - cough
aa Onmit 2006 92506 899 —— 215% 225113, 448)
22 Onmit 2008 271787 11157 -— 6% 9[093.240]
b Lateria 1974 s s 1% 285012, 6574]
aa Ry 793 2146 e 6% 15031, 426]
b Rocen 19795 17260 2110 — 52% 360(085.1530]
2a Monto 1982 16154 152 —r 243% 093 (049, 177]
Subtotal (95% CI) 1819 582 - 100.0 % 1.51[1.08,2.10]
Total events: 260 (Vaccine), 47 (Placeboldo nothing)
527.¢6=5 (= 036:
¢ 016)
3 Local - coryza
2a Monto 1982 75t 3152 T 26% 29089, 187)
2a Nichol 19992 13230986 39671490 [ ] 754% 670152 183)
Subtotal (95% CI) 3140 1642 - 100.0 % 1.56 [1.26, 1.94 ]

Total events: 1370 (Vaceine), 432 (Placeboldo nothing)




Tenderness

| Local - tencemess/soreness
a2 Monto 2009 280813 9025 - 59% 248(199,309)
a2 jackson 20102 19333783 5300828 . 62% 269 (339,402
abEfshina 1996 211108 o7 — 2% 694(213,2257)
aa Wenngarten 1988 28055 4153 I 32% 675(254,1793)
aa Barrett 2011 157113623 27413620 - 6% 573508, 646)
a2 Frey 2010 20067414 3843843 . 6% 271(245,3.00)
a2 Ohmit 2006 2700501 20099 - 53% 267(179,398)
abForsyth 1967 81194 13186 - 8% 597(245,1035)
ab Caplan 1977 891193 915 52% 077049, 119]
ab Goodeve 1983 139 13 13% 311043, 2261 )
a2 Brcges 20006 3091562 130595 . 60% 243(205,288)
a2 Mesa Dugue 2001 1281247 133246 60% 096081, 1.13)
aa Brdges 2000a 315/594 106/586 . 60% 293[243,354)
abSaxen 1999 nie 15211 - 8% 391(229.666)
2 Nichol 1995 27419 101422 . 60% 266(221,320)
22 Tarnock 1984 3555 n — 8% 159(094,269)
a2 Ohmit 2008 412818 2155 - 54% 355 (240,526
a2 Powers 19952 206 504 — 8% 388 (174,865
ab Scheifele 2003 323620 450624 e 57% 722(540,967)
ab Pyranen 1981 89/151 120154 - 7% 756(432.1323)
Subtoral (95% CI) 20508 15147 . 100.0 % 3.13 [ 2.4, 4.02]

Total events: 8395 (Vaccine), 1887 (pacebo / do nothing)
Heterogenety. Tau? = 026; Chi

Test for overall efect: Z = 898 (P < 000001)

2Local - erythema

44311, 6 = 19 (P<O00001); P =96%
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Upper respiratory infection symptoms

tudy or subgroup Vaccne Pacebo/do nothing Risk Ratio Weight Risk Ratio
N N H.RardorrrzléS% F,Rardor%%%
Local - upper respiratory infection symptoms
aa Rytel 1977 893 Ti46 B 145% 13[030,255)
ab bvans 1974 4m 2508 * 835% £8[1.14,248)
b Betts 1977z 43 34 -0 50% 39[035,555)
ab Atmar 1990 Ti46 46 T 10.1 % 240[090,638)
i Ketel 19930 1129 0 - 56% J1[046,631)
i Ketel 19932 1130 /1o 3% 816052 127.23)
Subtotal (95% CI) 300 196 b 100.0 % 1.66[1.22,2.27 ]



Sore throat

Study or subgroup Vaccine Placeboldo nothing Risk Ratio Weight Risk Ratio
M- M-
HRandom95% HRandom 959

N N ¢ ¢

4 Local - sore throat
aa Ohmit 2006 1271506 16199 ™ 57% 155(097,249]
aa Ohmit 2008 212787 21157 - 93% [63[112,235]
ab Hrabar 1977 0123 10144 T 35% 43078261
aaMonto 1982 400154 161152 - 44% 247[ 145421
ab Rocehi 1979 201260 310 ) 09% 282086930
ab Atmar 1990 346 1% — 06% 367090, 1503]
aaNichol 199% 79412986 243/14%0 | 156% [63[143,186)
Subtotal (95% CI) 4862 2078 ¢ 1000%  1.66(149,1.86]

Total events: 246 (Vacane), 316 (Placeboldo nothing)
Heterogenety: Tau? = 00; Chi* = 449, df = 6 (P = 061); P =00%
Test for overall effect Z = 887 (P < 000001)



Setup and goal

~

e The data is the of effect estimators from K studies, él -0k

e The study effects, 0, - - - Ok, are iid samples from an unknown
effect population distribution 7 ()

e Our goal is to provide inference regarding the distribution of 6,
the treatment effect in a new treatment group assumed to be also
independently sampled from 7 (6)



Inferences regarding distribution of effect of new treatment

1. Confidence interval for g,, p’th quantile of 7(6):

a,b € R suchthat Pr (g, € [a,b]) > 1—«
0,0k

2. Confidence interval for py = Prg,.(6p € A):

0<ps<ppr<1 suchthat Pr (ps € [pa,pp]) >1—«
6,0k

3. Lower bound for predictive probability that 6y € A



Deriving right tailed 1 — « confidence intervals for g,

Algorithm:
1. For all a € R we define
Qo(a) ={m:qy(m) <a} and Q(a) ={r:a < qgy(m)}
2. and we use él e éK for level « test of

H()(Zl) T E Qo(gl) VS. Hl(fl) T e Q](Zl)
3. Seta = inf{a : such that Hy(a) is accepted}

Denote the true 7, 7 with p’th quantile g, = g, (7).
Therefore Hy(g,) is true, thus it is accepted with probability > 1 — «,
and if it is accepted then a < g,. Thus we get,

Pr (a<gp) > Pr (Ho(gp)isaccepted) > 1 — a.
6,0k 6,0



Right tailed CI for median in the no-noise case with K = 8

Observed sequence of effects: —2,—0.5,1.1,2.4,3.2,49,7.3,7.5
o Testfor gy »(m) < a:letn(a) = #{0k < a}, accept Hy(a) if
0.05 < Pr{X <n(a)} for X ~ Binomial(8,0.5).
e R function: pbinom(c(8,7,6,5,4,3,2,1,0),8,0.5)
,0.035,0.004
e Thus we accept Hy(a) for a with 3 < n(a),
1.1 = inf{a : such that Hy(a) is accepted }

= right tailed 0.95 CI for median of 7 is [1.1, o]



Deriving right tailed 1 — o confidence intervals for py4

Algorithm:
1. Forall ps € [0, 1] we define
Qo(pa) = {m : pa(m) < pa} and Qi(pa) = {7 : pa <pa(m) }
2. and we use él e éK for level « test of

H()(ﬁA) LT e QO@A) VS. Hl(ﬁA) LT e Q]@A)
3. Setps = inf{p4 : such that Hy(p4) is accepted }

For true 7 with pg = Pryz (0 € A), Ho(pa) is true, it is accepted
with probability > 1 — « and if it is accepted then py < p4. Thus we
get

Pr (pa <pa)> Pr (Ho(pa)isaccepted ) > 1 — a.
010 10



Right tailed CT for pjg ) in the no-noise case with K = 8

Same sequence of effects: —2,—-0.5,1.1,2.4,3.2,4.9,7.3,7.5

e Test for pj oc)(7) < pa : let ny o) = ##{k : 0 < 6}, accept
Hy(pa) if

0.05 < Pr{njg ) <X} for X ~ Binomial(8,pa)
e R function: 1 — pbinom(6, 8, ¢(0.8,0.6,0.530,0.529,0.50)), 4)
,0.0498,0.0352

e We accept Hy(pa) with 0.530 < py

= right tailed 0.95 CI for Prg,.. (0 < 6y) is [0.530, 1]



Deriving lower bound for predictive probability that 0 < 6

0o > 0 occurs, independently of 0 - - - O, with prob po (7).

To bound the prob that this event occurs we use the lower bound
po = 0.530 that was based 0; - - - Og.

Let Acc(7) denote the event that null hypothesis corresponding
to 7, used for constructing the CI, is accepted

Acc(7) occurs with probability > 0.95 and if it occurs then
0.530 < po(7)

Pr {0<6y} > Pr {0y € A, Acc(7)}

00;01 -0k 00;01 -0
= Pr{0y € A| Acc(7)} - Pr {Acc(7)}
00 ]"'91(
> 0.530-0.95 = 0.5035



Some comments and a question

(a) Left tailed CI’s are derived similarly.
(b) 1 — «v/2 left tailed and right tailed CI’s yield a two-tailed 1 — o CL

(c) The tests used for CI’s for quantiles and probabilities are the same:

1. ForA C Randp € (0, 1) we define two sets of distributions:
Qo(p,A) ={m : pa(m) < p} and Q(p,A) ={m:p <pa(m)}
2. We use the statistic #{0x € A} to test
Hy:me Q(p,A) vs. H :me Q(p,A)

Q: How do we test these null hypotheses with 91 - 0g?



Mean most powerful tests

General framework for testing complex hypotheses presented in
Yekutieli (2014). This is how it can be adapted to this application:

e The parameter is 7 € {2 with prior distribution D ()

o the datais @ = (0, - - - f) with likelihood Pr(d|7)

e The null hypothesis is Hy : ™ € {29 and the alternative hypothesis
is Hy : m € {2y, for a partition 2y U 2] = Q

e Tests are mappings 7 : RX — {0, 1}, where T = 1 corresponds
to rejecting Hy, and for S C RX et 7(S) :=1(0 € S).

e The significance level of 7 (S) is
Sup,.cq, Pr(f € S|y - Og ~ 7).

e The mean significance level of 7(S) is Pr(6 € S|r € Q).

e The mean power of 7(S) is Pr(f € S|m € Q).



Mean most powerful tests - cont.

MMP tests are Bayes rules for the following loss function:

L(S; AL ) =M\ -I(0 €S, meQ)+X-1(0¢S, me).

For the case that {29 U €2} = () the Bayes rule is

SBOES (N1 X)) ={0: 6(\1, \2) > Pr(m € Ql) }

NP type result: V5, T (S8 (5)) has greater or equal mean
power than all tests with smaller or equal mean significance level

We set threshold d,, that controls significance level of the test

sup Pr(0 € S(6a)|01 -0 ~ ) < a
TED



A MMP test for distributions

To compute our statistic we can use any D that assigns probabilities
to distributions. We use D defined as follows:

1. We partition [a, b| C R into [ subintervals [ag, aj] - - - [a;—1, a;],

with A = UielA[ai_l,ai] for Iy C {1 .- -I}

2. We consider distributions that are step function in this partition

I 16 € [ar_
(@) =[O Ela0al) T € ama)
ap —ap a; — aj_1

3. We use the one-to-one correspondence between 7(f) and
7 = (my - - - 7y) to define D(7) as the Dirichlet(7, &) density

Thus Qo(p,A) = {7 : pa < p} can be expressed {7 : m4 < p}
for my = Zie 1, i and the test statistic becomes:

Pr(m € Q|f) = Pr(ms < p|6)



The MMP test in the no noise case

e Forn; = #{k: 0 € [a;i_1,a},
7| i ~ Dirichlet(a + i)
e Thus for the corresponding sums over A and A¢ = [a, b] — A,
ma| 1 ~ Beta(au + na, cqc + nyc)
This means that:
1. Our statistic is very easy to compute
Pr(ma < p|f) = pbeta(p, ax + na, axc + nyc)

2. For any choice of intervals and any choice of & the MMP test



The MMP test in the general noisy case
Our model assumes the data is generated hierarchically:

1. Generate 7 ~ Dirichlet(d)

2. Generate iid 0y - - - 0k, Pr(0fy = i) = mifori=1---1
3. For 6, = i, generate 0 ~ Ula,_1, a;

4. For 6y, generate 0, Nf(ék|9k)

Expressing the conditional distribution of 7 given 0, --- bk,
R Pr(r, 0 _Pr(r,0,0 = it
be(rld) — PO _ SiPrin.0.5=7

Pr(6) > 7 Pr(6,0 =n)

= 7T|é is a mixture of Dirichlet distributions



Computing the test statistic

To compute our test statistic we express

- Pr(m,0) _ Pr(dlm)-Pr(r)  [IE, f(Bulr)] - Pr(m)

s~
pai
a

9= Pr(d)  Pe(d) Pr(0)

where we numerically approximate

f(bx|m) = ; £(6k] 07 (6)do

Algorithm:

1. Draw 10° iid realiztions 7/ ~ Dirichlet(c)
2. Forl=1---10°, compute Pr(d|x') and 7}
3. Compute

10°

Pr(my < pl0) = > Pr(f]n')/ ZPr ESY

ml<p



Example 1: 95% CI for pj ) for the sore throat outcome

Study or subgroup Vaccine Placeboldo nothing Risk Ratio Weight Risk Ratio
M- M-
HRandomJ5% HRandom 959

N N ¢ q

4 Local - sore throat
aa Ohmit 2006 1271506 1619 ™ 57% 155(097,249)
aa Ohmit 2008 22781 20157 - 93% [63(112235]
ab Hrabar 1977 40123 10744 33% 143 (078,261
aa Monto 1962 400154 161152 - 44% 247( 145421
ab Rocehi 1979 201260 310 I 09% 282(086,930)
ab Atmar 1990 1346 226 T 06% 367090, 1503 ]
aa Nichol 1999 19412986 2431490 | 156% [63( 143, 186)
Subtotal (95% CI) 4862 2078 ¢ 1000%  1.66(1.49,1.86]

Total events: 246 (Vacane), 316 (Placeboldo nothing)
Heterogeneity: Tau? = 0.0; Chi® = 449, df = 6 (P = 061, P =00%
Test for overall effect Z = 887 (P < 000001)



Parameterization for sore throat outcome review

e Studiessk=1---7

e Data: # of Vaccine treated ny vy , # of Placebo treated ny p,
# of Vaccine affected X v, # of Placebo affected X p

e Parameters: 6y = (py, pp), for Vaccine risk py and
Placebo risk pp

e Likelihood:
Xi,v ~ Binom(nyy, pyv) and Xy p ~ Binom(ny p, pi.p)

e The 7’s are step function on 6 "interval" partition of
[0, 1] x [0, 1] space of (pk,v, pk,p) With
a = (1.676,0.564,0.210,0.210,0.564, 1.776)
e Oo(p,A) = {m : pa < p} is the set of distributions that give
probability less than p to the event py > pp (or
log(RR) € [0, o0))



Support of 7 Logit scale
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Support of 7
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(pv, pp) Likelihood for Studies 5 (blue) and 6 (green)
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Int; U Int, U Int3

Qp =

tervals in Logit scale

7 in
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7 intervals in p scale
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Let’s begin testing!

Warm up: Hy : pjo,00] < 0.5

® Pr(pjp,] < 0.5] observed data) = 0.0150

e Is this a small value?
Pr(pjo,oc) < 0.5] worst data) = 0.0135 while
1 — pbeta(.5,01 - a3,04 - ag +7) = 0.0014

e s this significant?
We computed statistic for 103 data realizations from worst (?)
null 7 (takes about a minute) and we got smaller test statistic
values in 7/1000 realizations.



Continue testing

> dbinom(7,7,¢(.5, .6, .65, .66,.7)) = 0.0080.0280.0490.0550.082

e Wesetp = .55,.60,.62,.61 - .70 and compared
Pr(pjo,c] < p| observed data) with distribution of

Pr(pjy.~) < p| data) for 10° data realizations from corresponding
worst (7) null 7.

e Results: Hy is accepted for 0.64 < p

= 95% CI for pjg ) is [0.64, 1]



Example 2: Upper respiratory infection symptoms outcome

Study or subgroup Vaccne Ptaceboldo nothing Risk Ratio Weght Risk Ratio
N N H.Rarﬁo%s% F.Rardor:;‘;)s%

Local - upper respiratory infection symptoms
aa Rytel 1977 893 Ti46 B 145% 13[030,255)
ab bvans 1974 4m 2508 + 835% £8[1.14,248)
b Betts 1977z 43 34 -0 50% 39[035,555)
ab Atmar 1990 Ti46 46 T 10.1 % 240 090,638 )
i Ketel 19930 119 0 -1 56% J1[046,631 )
i Ketel 19932 1130 /1o 3% 816052 127.23)
Subtotal (95% CI) 300 196 b 100.0 % 1.66[1.22,2.27 ]



Let’s test!

> dbinom(6,6,c(.6,.61,.62)) [1] 0.04665600, 0.05152037, 0.05680024
or maybe

> dbinom(6,6,c(.59,.60,.61)) [1] 0.04218053, 0.04665600,
0.05152037

e Wesetp = .30,.35,---,.60 and compared
Pr(pjo,c] < p| observed data) with distribution of
Pr(pjo,o0) < P| data) for 10° data realizations from corresponding
worst (?) null 7.

o Results: observed statistic is smaller than null samples 0.05
quantile for p = 0.35 and larger than null samples 0.05 quantile
for 0.40 < p

= 95% CI for ppg ) is [0.40, 1]



Work in progress!!

e Improve numerics
e Determining worst null 7

e Confidence statements for conditional inference
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