Functions used by the saddlepoint to compute a mixture of binomial densities

M) <- function(t, p, n)
{

#MG for binomial distribution with paraneters n and p

((1-p) + p*exp(t))"n
}

ML <- function(t, p, n)
{

#First derivative of M3 for binom al distribution with
#paranmeters n and p

n*((1-p) + p*exp(t))”"(n-1) * p*exp(t)
}

M2 <- function(t, p, n)
{

#Second derivative of M3 for binomal distribution with
#paranmeters n and p

ML(t, p, n) + n*(n-1)*((1-p) + p*exp(t))"(n-2) * (p*exp(t))”2
}

nD <- function(t, n)

{
#MG for sum of cluster of binary observations
#Uses Romberg integration with 10 iterations as an approxi mati on
#fp is the mixing distribution that nmust be externally defined
maxiter <- 10
a<-0 b<-1, h<- b- a
R <- matrix(0, nrow = naxiter, ncol = maxiter)

R1, 1] < (h * (M(t, a, n) * fp(a) + M(t, b, n) * fp(b)))/2

for(i in 2:maxiter)

{
el <- M(t, a + (2:2°(i - 2) - 0.5 * h, n)
e2 <- fp(a + (1:2°(i - 2) - 0.5 * h)
Ri, 1] <~ 0.5 * (Ri - 1, 1] + h * sun(el * e2))
for(j in 2:i)
{
Rii, jl < (40 - 1) *~Ri, j-1] -
Rii -1, j - 1)/ (4G -1 - 1)
}
h <- h/2
}

as. nuneric(R[maxiter, maxiter])



mL <- function(t, n)
{
#First derivative of M3 for sum of cluster of binary observations
#Uses Romberg integration with 10 iterations as an approxi mati on
#fp is the mixing distribution that nmust be externally defined
maxiter <- 10
a<-0 b<-1, h<- b- a
R <- matrix(0, nrow = naxiter, ncol = maxiter)

R1, 1] < (h * (M(t, a, n) * fp(a) + ML(t, b, n) * fp(b)))/2

for(i in 2:maxiter)

{
el <- M(t, a + (1:2°(i - 2) - 0.5 * h, n)
e2 <- fp(a + (1:2°(i - 2) - 0.5 * h)
Rli, 1] <- 0.5 * (Ri - 1, 1] + h * sumel * e2))
for(j in 2:i)
{
Rii, jl << (4°( - 1) * Ri, j-1] -
Rii -1, j - 1)/(4( - 1) - 1)
}
h <- h/2
}

as.nunmeric(R maxiter, maxiter])

nm2 <- function(t, n)
{
#Second derivative of MaF for sumof cluster of binary observations
#Uses Ronberg integration with 10 iterations as an approxi mation
#fp is the mxing distribution that nust be externally defined
maxiter <- 10
a<-0 b<-1, h<- b- a
R <- matrix(0, nrow = naxiter, ncol = maxiter)

R1, 1] < (h * (M(t, a, n) * fp(a) + M(t, b, n) * fp(b)))/2

for(i in 2:maxiter)

{
el <- M(t, a + (2:2°(i - 2) - 0.5 * h, n)
e2 <- fp(a + (1:2°(i - 2) - 0.5 * h)
Ri, 1] < 0.5 * (Ri - 1, 1] + h * sum(el * e2))
for(j in 2:i)
{
Rii, jl < (40 - 1) *~Ri, j-1] -
Rii -1, j - 1)/ (4G -1 - 1)
}
h <- h/2
}

as.nuneric(R[maxiter, maxiter])



KO <- function(t, n)

{

#CG- for sum of cluster of binary observations
#Uses Romberg integration with 10 iterations as an approxi mation

l og(mO(t, n))
}

Kl <- function(t, n)

{

#First derivative of CG- for sumof cluster of binary observations
#Uses Romberg integration with 10 iterations as an approxi mation

mL(t, n)/nD(t, n)
}

K2 <- function(t, n)

{

#Second derivative of CGF for sumof cluster of binary observations
#Uses Ronberg integration with 10 iterations as an approxi mation

m2(t, n)/no(t, n) - (mi(t, n)/nd(t, n)) 2
}



Functions used to compute the saddlepoint approximation

sp.eq <- function(t)
{
#The saddl epoi nt equation; sp.f finds the root of this function
KO(t, n.sp) - t*y
}

sp.f <- function(x, n.sp)
{

#Conmput es the saddl epoi nt density at a specific point x
y <<- x+0.99
n.sp <<- n.sp
sp <- nlmn(sp.eq, 0.1)%x
y<<- X
ff <- exp((KO(sp, n.sp)-x*sp))/sqrt(2*pi *K2(sp, n.sp))
rom(n.sp, Yy)
as. numeric(ff)

get.sp.distn <- function(nn)

#Conmput es the entire saddl epoint distribution for al
#values fromO to nn and then nornalizes

yy <- 0:nn

fy <- sapply(yy, sp.f, n.sp=nn)

fy[is.na(fy)] <- O

fylsunm(fy)



Code used to compute power estimates shown in Section 4.2

Nsanp <- 20000
al pha <- 0.05

#User needs to supply:
#1) cluster sizes
n.ctrl <- c¢(50, 57, 64, 70, 75, 75, 88, 97, 98, 160)
n.trt <- c(40, 73, 107, 120, 122, 124, 126, 135, 182, 190)
#2) null hypot hesi s val ue
p.ctrl <- 0.10
#3) alternative hypothesis val ue
p.trt <- 0.05
#4) intra-cluster correlation for average-sized cluster
rho <- 0.02

#Step 1: Conputation of power assuming Beta(na, nb) mxture distribution
get.sp.sanple <- function(i, n, a, b, Nsanp=10000)
{
#Conput es saddl epoint distribution for cluster nean
#and then sanples fromthat distribution.
cat ("Deriving random sanple for cluster ", i, "...\n", sep="")
aa <<- n[i]*a
bb <<- n[i]*b
fp <<- function(p) dbeta(p, aa, bb)
prob <- get.sp.distn(n[i])
rom(fp, aa, bb)
sanpl e(0: n[i], Nsanp, replace=T, prob=prob)/n[i]
}

#Paraneters for Beta distribution

a.ctrl <- (p.ctrl * (1-rho)/rho)/ mean(n.ctrl)
b.ctrl <- ((1-p.ctrl) * (1-rho)/rho)/ mean(n.ctrl)
a.trt <- (p.trt * (1-rho)/rho)/ mean(n.trt)

b.trt <~ ((21-p.trt) * (1-rho)/rho)/mean(n.trt)

#Monte Carl o sanpl es
data.ctrl <- sapply(l:n.clus, get.sp.sanple, n=n.ctrl, a=a.ctrl,
b=b.ctrl, Nsanmp=Nsanp)
data.trt.null <- sapply(1l:n.clus, get.sp.sanple, n=n.trt, a=a.ctrl,
b=b.ctrl, Nsanmp=Nsanp)
data.trt.alt <- sapply(l:n.clus, get.sp.sanple, n=n.trt, a=a.trt,
b=b.trt, Nsanp=Nsanp)

#Finding critical value and power

trt <- matrix(c(rep(l/length(n.ctrl), length(n.ctrl)),
rep(-1/length(n.trt), length(n.trt))), ncol =1, byrow=T)

null.distn <- chind(data.ctrl, data.trt.null) %%trt

alt.distn <- cbhind(data.ctrl, data.trt.alt) %% trt

crit.value <- sort(null.distn)[(1-al pha)*Nsanp]
tbpw 1l <- nean(alt.distn > crit.val ue)



#Step 2: Conputation of power assum ng Normal (a, b/n) mxture distribution
get.sp.sanple <- function(i, n, a, b, Nsanp=10000)
{
#Conput es saddl epoi nt distribution for cluster nean
#and then sanples fromthat distribution.
cat (" Deriving random sanple for cluster ", i, "...\n", sep="")
aa <<- a
bb <<- sqrt(b/n[i])
fp <<- function(p) {ok <- p>0 & p<i;
dnorm(logit(p), aa, bb)/(p*(1l-p)+!'ok)}
prob <- get.sp.distn(n[i])
rm(fp, aa, bb)
sanpl e(0:n[i], Nsanp, replace=T, prob=prob)/n[i]
}

#Paraneters for normal distribution

b.ctrl <- mean(n.ctrl)*rho/p.ctrl/(1l-p.ctrl)
a.ctrl <- log(p.ctrl/(1-p.ctrl))

b.trt <- nmean(n.trt)*rho/p.trt/(1l-p.trt)
a.trt <- log(p.trt/(1-p.trt))

#Monte Carl o sanpl es
data.ctrl <- sapply(l:n.clus, get.sp.sanple, n=n.ctrl, a=a.ctrl,
b=b.ctrl, Nsanmp=Nsanp)
data.trt.null <- sapply(1l:n.clus, get.sp.sanple, n=n.trt, a=a.ctrl,
b=b.ctrl, Nsanmp=Nsanp)
data.trt.alt <- sapply(l:n.clus, get.sp.sanple, n=n.trt, a=a.trt,
b=b.trt, Nsanp=Nsanp)

#Finding critical value and power

trt <- matrix(c(rep(l/length(n.ctrl), length(n.ctrl)),
rep(-1/length(n.trt), length(n.trt))), ncol =1, byrow=T)

null.distn <- chind(data.ctrl, data.trt.null) %%trt

alt.distn <- cbhind(data.ctrl, data.trt.alt) %% trt

crit.value <- sort(null.distn)[(1-al pha)*Nsanp]
tbpw 2 <- nean(alt.distn > crit.val ue)



#Step 3: Conputation of power assum ng a Gamma(an, b/n) mxture distribution
get.sp.sanple <- function(i, n, a, b, Nsanp=10000)
{
#Conput es saddl epoi nt distribution for cluster nean
#and then sanples fromthat distribution.
cat (" Deriving random sanple for cluster ", i, "...\n", sep="")
aa <<- n[i]*a
bb <<- b/n[i]
fp <<- function(p) {ok <- p>0 & p<i;
dgamma(- 1| og(1l-p*ok), aa, 1/bb)/(1l-p*ok)}
prob <- get.sp.distn(n[i])
rm(fp, aa, bb)
sanpl e(0:n[i], Nsanp, replace=T, prob=prob)/n[i]
}

#Parameters for gamma distribution

b.ctrl <- mean(n.ctrl)*rho*p.ctrl/(1-p.ctrl)/-log(l-p.ctrl)
a.ctrl <- -log(1-p.ctrl)/b.ctrl

b.trt <- nmean(n.trt)*rho*p.trt/(1-p.trt)/-log(l-p.trt)
a.trt <- -log(l-p.trt)/b.trt

#Monte Carl o sanpl es
data.ctrl <- sapply(l:n.clus, get.sp.sanple, n=n.ctrl, a=a.ctrl,
b=b.ctrl, Nsanmp=Nsanp)
data.trt.null <- sapply(1l:n.clus, get.sp.sanple, n=n.trt, a=a.ctrl,
b=b.ctrl, Nsanmp=Nsanp)
data.trt.alt <- sapply(l:n.clus, get.sp.sanple, n=n.trt, a=a.trt,
b=b.trt, Nsanp=Nsanp)

#Finding critical value and power

trt <- matrix(c(rep(l/length(n.ctrl), length(n.ctrl)),
rep(-1/length(n.trt), length(n.trt))), ncol =1, byrow=T)

null.distn <- chind(data.ctrl, data.trt.null) %%trt

alt.distn <- cbhind(data.ctrl, data.trt.alt) %% trt

crit.value <- sort(null.distn)[(1-al pha)*Nsanp]
tbpw 3 <- nean(alt.distn > crit.val ue)



#H###St ep 4: Conput e power using GEE net hod of Pan/ Shi h#####

const <- 2*n.clus/sum(c(n.ctrl,n.trt)/(1+(c(n.ctrl, n.trt)-1)*rho))
vr <- 2*const*(1/(p.ctrl*(1-p.ctrl)) + 1/(p.trt*(1l-p.trt)))

b < log(p.trt/(1l-p.trt)) - log(p.ctrl/(1l-p.ctrl))

geepwr 1l <- pnorm(gnormn(al pha) - b*sqgrt(2*n.clus/vr))

#H###St ep 5: Conpute power using GEE net hod of Liu/Li ang#####
vif <- 1 + (rmean(c(n.trt, n.ctrl))-1)*rho

num <- 2*n.clus*nean(c(n.trt, n.ctrl))*(p.trt-p.ctrl)"2/4

den <- vif/2*(p.ctrl*(1-p.ctrl) + p.trt*(1l-p.trt))

geepwr 2 <- pnorm(gnorn(al pha) + sqrt(num den))

#H###St ep 6: Conput e power using nethod of Hayes/ Bennett #####
num <- (n.clus-1)*(p.ctrl-p.trt)"2
den <- p.ctrl*(2-p.ctrl)*nmean(1/n.ctrl) + p.trt*(1l-p.trt)*nean(1l/n.trt)

k.ctrll <- mean(sqgrt(b.ctrl/a.ctrl)/sqgrt(a.ctrl*n.ctrl+b.ctrl*n.ctrl+1))
k.trtl <- nmean(sqgrt(b.trt/a.trt)/sqgrt(a.trt*n.trt+b.trt*n.trt+1))

denl <- den + (k.ctrl1l*p.ctrl)"2 + (k.trtl*p.trt)"2

hbpw 1 <- pnorn(gnorn{al pha) + sqrt(nunf denl))

k.ctrl2 <- mean(sqgrt(b.ctrl/n.ctrl)/(1l+exp(a.ctrl)))
k.trt2 <- mean(sqrt(b.trt/n.trt)/(l+exp(a.trt)))
den2 <- den + (k.ctrl2*p.ctrl)"2 + (k.trt2*p.trt)" 2
hbpw 2 <- pnorn{qgnorn(al pha) + sqgrt(nuni den2))

k.ctrl3 <- mean(exp(-a.ctrl*b.ctrl)/
(l-exp(-a.ctrl*b.ctrl))*b.ctrl*sqgrt(a.ctrl/n.ctrl))

k.trt3 <- nmean(exp(-a.trt*b.trt)/(1-exp(-a.trt*b.trt))*b.trt*sqrt(a.trt/n.trt))

den3 <- den + (k.ctrl3*p.ctrl)"2 + (k.trt3*p.trt)"2

hbpw 3 <- pnorn(gnorn{al pha) + sqrt(nun den3))

#H####St ep 7: Conbine results fromall nodel s#####
all.pw <- rbind(all.pw, c(n.clus, p.ctrl, p.trt, rho,
round(c(geepw 1, geepw 2, hbpw1l, hbpw 2, hbpw 3,
tbpw 1, tbpw?2, tbpw3),3)))
di manmes(all.pwr) <- list(l:nrowmall.pw), c("M, "p.ctrl™, "p.trt", "rho"
"Glt, "&", "Hb", "Hn", "Hg", "Bb", "Bn", "Bg"))



