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eAppendix 1. Derivation and maximization of the log-likelihood

For each woman, the observed data is the vedorS). Conditional onS = s, the probability thaD = 0 is equal
to

P(D=0]8S=s)=]](1-m),
keEs
and the probability thab = 1 is equal to
P(D=1]|S=s)=1-]]Q-m).
kes

Therefore, the density ¢, S) underm can be written as

d 1—-d
h,,(d,s)—{l]:[(lwk)} {Huwk)} P(S = s).

kEs kEs

The log-likelihood based on observationgds, s1), .. ., (d,, s,) Of (D, .S) is proportional to

() = 6(m | (da,51), - (dns 50)) Z {di tog (1 JT(1=m)) + (1= diytog ([T 1~ m)} .

1=1 kEs; kEs;

P(S = s) does not depend on the genotype-specific risksas a consequence of assumption (A2), hence it can be
left out of the log-likelihood.
The maximum likelihood estimator (MLE) maximizes the Idkelihood over allr, i.e.

7 = argmax {(7).
w€(0,1]K
Here K is the total number of possible HPV genotypes in theSdte. K = 25 when estimating the genotype-
specific CIN2+ risk for all 25 HPV genotypes detectable by 3l and K = 15 when estimating the risks for
only the 15 high-risk and probable high-risk HPV genotypes.
Newton’s method is used to maximize the log-likelihood. Tingt and second order derivatives &fr) with

respect tor are given below, first for the model where the genotype-$igetsks 7, do not depend on age, then
for the model wherer;, depends on the woman’s agevia a logit-link function

logit(7y,(z)) = ay + Bz Q)

Since for anyk

s [o-m=- I[ a-m)=——=Tl0-m)

JESsi j€si\{k} JES:
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it holds that
d 1 d
—log(1— (1-m)) = 1- (1—my)
omy, ( ]gi / ) I —Tles, (1 =) Oy ( 31;!7 / )
_ e, (1 =)
(1 =m0 (1~ e, (1 - )
and
1 0
log 1-7m) = ——F —— — 1—7;
g 10 m) = iy 107
N
(1- TFk) '
Hence, the first order derivative éfr) is equal to
G
;—E = > qd e, (1~ ) —(1=di)7 : '
Tk i:kEs; (1 - 7Tk) (1 - H]Esl(l - 71-j)) Tk
Straightforward calculations for the second order deikieagive
92/ co (L= 2 1
o= - el Ty
k s | (1— 7rk)2(1 e, (1 - wj)) k
* > e, (1 —m)?
om0y ) ! 2
ihtes  (1—m)(1—m) (1 e, (1 - wj))

To derive the first and second order derivative ofith respect tay, andg in (1), we write the log-likelihood as

idi{log(l H(l—wk)> log<kle_£ (1 —mg) )}+Zlog(n 1*@))
— Zd 1og ersl_ﬂ +Zlog(H 1—7%))

k keEs;
= Z—dgogit(H l—wk)—l—Zlog(H (1-m)),
i=1 kE€s; kE€s;
andry(z;) as
1

Wk(xz) = 1 +exp(—(akr +B$))

Since for anyk

exp(—(ax + Bz))

L=mi(z) = 1+ exp(—(ax + Bz))’
) 1 0
3741@%(%) - {1+ exp(—(an + B)) }? o ﬁeXp( )
_ exp(—(ax + Bz))
{1+ exp(—(a + o))}
= 7Tk<xi)(1 — Wk(xi))a
iﬂ-k(%) = wime(ai) (1 — me(s)),

B
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it holds that
0 0
Do ]161 (1—mj(zs) = jesll{k} (1- Wj(xi))?%(l — ()
= ((II (=mi@)) —mule) (1 = miles)
j€si\{k}
= —meo) [T (1= (),
9 H (1 — 7'('](177)) = Z 2(1 - ﬂ'l(Ii)) . H (1 - ﬂj(xi))
aﬁ JES; lEs; aﬁ jesi\{l}
= (Z m(mﬁ) H (1 W](xl))
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Consequently,
0 1
o (L 0 -me0) = gy e [0 - me)
= —mp(y),
0
% log <j1€_£ (1 — ﬂ](xz))) = —xigﬂk(l‘i),
so that
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The first order derivatives are then equal to

or ‘ 7 () .
Doy Z{d’l—n e ”}’

itk€s; JEsi (

ol B n | l‘izj‘esi ﬂ'j(.l‘i) L o
% ) Z{dll_HJGSi (I_WJ(JUZ)) ZZ J( z)}

i=1 JESsi




Lissenberg-Witte et al., HPV genotype attribution in high-grade cervical lesions SDC - 4.

The second order derivatives then follow from straightfamvcalculations

e
a3

0%
6ak8al

o?¢
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eAppendix 2. R-code for maximum likelihood estimation

We provide the R-code to maximize the log-likelihood via Nemws method fhle ) as well as an example of how
to use the function for an example dataset of size 400. This dataset, incsv -format, can be downloaded from
the journal website. The first 5 women of the example datasetdiaplayed below to illustrate the structure of the
input for our R-code.

1. Woman 1 is 29 years old, has a CIN2+ and tested positivefoniPV16.

2. Women 2 is 43 years old, does not have a CIN2+ and testetivedeir HPV51, -52, and -54.

3. Women 3 is 28 years old, has a CIN2+ and tested positive R\M3%, -66, and -43.

4. Women 4 is 38 years old, has a CIN2+ and tested positive R\341, and -59.

5. Women 5 is 39 years old, does not have a CIN2+ and testetivedsir HPV6, HPV44 and HPV74.

\

head(data.full)
age CIN2 HPV16 HPV18 HPV31 HPV33 HPV35 HPV39 HPV45 HPV51 HP¥5HPV53 HPV56 HPV58

1 29 1 1 0 0 0 0 0 0 0 0 0 0 0

2 43 0 0 0 0 0 0 0 0 1 1 0 0 0

3 28 1 0 0 0 0 1 0 0 0 0 0 0 0

4 38 1 0 0 1 0 0 0 0 0 0 0 0 0

5 39 0 0 0 0 0 0 0 0 0 0 0 0 0
HPV59 HPV66 HPV68 HPV6 HPV11l HPV34 HPV40 HPV42 HPV43 HPV44\VE@ HPV70 HPV74

1 0 0 0 0 0 0 0 0 0 0 0 0 0

2 0 0 0 0 0 0 0 0 0 0 1 0 0

3 0 1 0 0 0 0 0 0 1 0 0 0 0

4 1 0 0 0 0 0 0 0 0 0 0 0 0

5 0 0 0 1 0 0 0 0 0 1 0 0 1

> age <- data.full[,1]

> data <- data.full[,-1]

We first run the code without age as covariate, then with ageoeariate. In the latter case, the risks and
corresponding 95% confidence intervals (Cls), estimatedk®u of lesions and the attributable fractions (AFs) are
computed at the mean age.

> mle(data)

$mle
HPV16 HPV18 HPV31 HPV33 HPV35 HPV39 HPV45

0.63180646 0.30478390 0.49427357 0.48147720 0.51897816 O .00001000 0.34159582
HPV51 HPV52 HPV53 HPV56 HPV58 HPV59 HPV66

0.00001000 0.32962417 0.00001000 0.06744069 0.49307657 O 44134865 0.14090195
HPV68 HPV6 HPV11 HPV34 HPV40 HPV42 HPV43

0.10565148 0.00001000 0.00001000 0.00001000 0.00001000 O .00001000 0.00001000
HPV44 HPV54 HPV70 HPV74

0.00001000 0.00001000 0.00001000 0.00001000

$results
#HPV+ MLE 95% CI #lesions AF

HPV16 137 0.632 0.538 0.726 86.6 0.430

HPV18 36 0.305 0.094 0.515 11.0 0.055

HPV31 56 0.494 0.322 0.666 27.7 0.138

HPV33 27 0.481 0.243 0.720 13.0 0.065

HPV35 27 0.519 0.278 0.760 14.0 0.070

HPV39 30 0.000 0.000 0.373 0.0 0.000

HPV45 14 0.342 0.000 0.684 4.8 0.024

HPV51 44 0.000 0.000 0.338 0.0 0.000

HPV52 60 0.330 0.164 0.495 19.8 0.098

HPV53 36 0.000 0.000 0.358 0.0 0.000

HPV56 24 0.067 0.000 0.193 1.6 0.008

HPV58 22 0.493 0.253 0.733 10.8 0.054

HPV59 6 0.441 0.000 1.000 2.6 0.013

HPV66 48 0.141 0.000 0.307 6.8 0.034

HPV68 25 0.106 0.000 0.292 2.6 0.013
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HPV6 23 0.000 0.000 0.413 0.0 0.000
HPV11 19 0.000 0.000 0.462 0.0 0.000
HPV34 3 0.000 0.000 1.000 0.0 0.000
HPV40 3 0.000 0.000 1.000 0.0 0.000
HPV42 5 0.000 0.000 0.979 0.0 0.000
HPV43 2 0.000 0.000 1.000 0.0 0.000
HPV44 11 0.000 0.000 0.692 0.0 0.000
HPV54 12 0.000 0.000 0.600 0.0 0.000
HPV70 9 0.000 0.000 0.718 0.0 0.000
HPV74 11 0.000 0.000 0.641 0.0 0.000
> mle(data,logit=TRUE,cov=age)
$mle
HPV16 HPV18 HPV31 HPV33 HPV35 HPV39 HPV45
0.9695925 -0.1504835 0.3117804  0.3997860  0.6567388 -2.78 31184 -0.1177573
HPV51 HPV52 HPV53 HPV56 HPV58 HPV59 HPV66
-2.9556953 -0.6593780 -3.2790702 -1.8581688  0.2267747 -1 4.3345966 -1.1551660
HPV68 HPV6 HPV11 HPV34 HPV40 HPV42 HPV43
-1.3739698 -14.3345966 -2.2988732 -5.8288991 -9.7604366 -5.5810660 -9.9640151
HPV44 HPV54 HPV70 HPV74
-3.2924816 -4.5718076 -2.2198799 -4.8961975 -0.0159972
$results
#HPV+  MLE 95% CI #lesions AF
HPV16 137 0.575 0.473 0.672 78.8 0.439
HPV18 36 0.307 0.143 0.541 11.0 0.061
HPV31 56 0.413 0.255 0.591 23.1 0.129
HPV33 27 0.434 0.223 0.672 11.7 0.065
HPV35 27 0.498 0.274 0.723 13.4 0.075
HPV39 30 0.031 0.001 0.456 0.9 0.005
HPV45 14 0.314 0.086 0.689 4.4 0.024
HPV51 44 0.026 0.001 0.335 1.1 0.006
HPV52 60 0.210 0.098 0.394 12.6 0.070
HPV53 36 0.019 0.001 0.280 0.7 0.004
HPV56 24 0.074 0.011 0.368 1.8 0.010
HPV58 22 0.392 0.191 0.638 8.6 0.048
HPV59 6 0.000 0.000 1.000 0.0 0.000
HPV66 48 0.139 0.038 0.401 6.7 0.037
HPV68 25 0.115 0.017 0.499 2.9 0.016
HPV6 23 0.000 0.000 1.000 0.0 0.000
HPV11 19 0.049 0.002 0.548 0.9 0.005
HPV34 3 0.002 0.000 1.000 0.0 0.000
HPV40 3 0.000 0.000 1.000 0.0 0.000
HPV42 5 0.002 0.000 1.000 0.0 0.000
HPV43 2 0.000 0.000 1.000 0.0 0.000
HPV44 11 0.019 0.000 0.897 0.2 0.001
HPV54 12 0.005 0.000 0.978 0.1 0.000
HPV70 9 0.053 0.001 0.823 0.5 0.003
HPV74 11 0.004 0.000 0.994 0.0 0.000
$cov
0.145

Important to note is that the data matrix that serves as ifgguthe R-functionmle can only contain HPV
genotypes for which at least one woman tested positive.
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mle <- function(data,start=NULL,eps=10"(-9),logit=FAL SE,cov=NULL)
INPUT:
data: data matrix with
1) observed outcome D (0: no; 1: yes)
2) observed types at risk for (0: no; 1: yes)
start: starting vector for the algorithm
eps: accuracy parameter to stop the algorithm
logit: logical to indicate whether the logit model is used
(i.e. correct for a covariate)
cov: covariate vector to correct for (only if logit=TRUE)

OUTPUT:

mle: vector with estimated parameter values

results: table with results (nr HPV+, MLE, 95% CI, nr lesion s, AF)
cov: p-value for the slope of the logit-model (only if logit =TRUE)

HOHHH K HHHHHHHHHR

~

<- length(data[1,-1]); n <- length(data[,1])

if (is.null(start)){
start <- colSums(data[,-1])/n; start[start==0] <- 0.01; s tart[start==1] <- 0.99
if (logit){
start <- c(log(start/(1-start)),0)
}

}

est <- as.matrix(start)

Il <- numeric(0)
m <- 1; diffl <- diff2 <- 1

while (max(abs(diff1),abs(diff2))>eps){

Il.Lm <- log_lik(est[,m],data,logit,cov)

if ((M>1)&&L.mSlI<I[m-1])[|(l.m$lI=="NaN")){
X0 <- est[,m-1]
1.0 <- log_lik(x0,data,logit,cov)
0 <-1.0$lI
dir <- 1l.0$H.inv% * %I1.0$g
est.n <- line_search(x0,l10,dir,data,logit,cov)
Il.Lm <- log_lik(est.n,data,logit,cov)
est <- chind(est[,-m],est.n)
m <- m-1

} else {
I <- c(llll.m$ll)
est <- chind(est,est[,m]-Il.m$H.inv% * 0ll.m$g)

}

if (logit){
estlest[,m+1]<(-15),m+1] <- -15; est[est[,m+1]>10,m+1] <- 10
diffl <- 1/(1+exp(-est[,m+1]))-1/(1+exp(-est[,m]));
} else {
est[est[,m+1]<=eps *107(-3),m+1] <- 107(-5)
est[est[,m+1]>=1-eps *107°(-3),m+1] <- 1-107(-5)
diffl <- est[,m+1]-est[,m]

}
if (m>1){ diff2 <- ll[m]-i[m-1] }
m <- m+1l

}

Il.Lm <- log_lik(est[,m-1],data,logit,cov)
se <- sqgrt(-diag(ll. m$H.inv))

if (logit) { mle <- c(est[1:K,m-1]-mean(cov) * est[K+1,m-1],est[K+1,m-1])
} else { mle <- est[m-1] }

if (logit){
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}

a <- mle[1:K]; b <- mle[K+1]; x <- mean(cov)
mle.C <- atb *x

yl <- mle.C-gnorm(0.975) *se[-(K+1)]; y2 <- mle.C+gnorm(0.975) * se[-(K+1)]

Cl <- chind(1/(1+exp(-y1)),1/(1+exp(-y2)))

mle.C <- 1/(1+exp(-mle.C))

else {

Cl <- chind(mle-gnorm(0.975) * se,mle+gnorm(0.975)

}
CI[CI[,1]<0,1] <- 10°(-5); CI[CI[,2]>1,2] <- 1-10°(-5)

Wald.score <- abs(mle-rep(0,K+logit))/se

p

if
}

val <- 2 x(1-pnorm(Wald.score))

(logit) { nr <- colSums(data[,-1]) *mle.C
else { nr <- colSums(data[,-1]) *mle }

AF <- nr/sum(nr)

if

}

}
}

The functionmle uses the functioneg_lik

log

K

d
if

if

}
}

HOHHH K H H H R

(logit){

out <- chind(colSums(data[,-1]),round(mle.C,3),round(
dimnames(out)[[2]] <- c("#HPV+","MLE","95% CI","","#le
list(mle=mle,results=out,cov=round(p.val[K+1],3))

else {

out <- chind(colSums(data[,-1]),round(mle,3),round(Cl
dimnames(out)[[2]] <- c("#HPV+","MLE","95% CI","","#le
list(mle=mle,results=out)

lik <- function(par,data,logit=FALSE,cov=NULL){

INPUT:
par: parameter vector to determine the log-likelihood at
data / logit / cov: as in mle-function

OUTPUT:
IIl: value of the log-likelihood at par
g: gradient vector with partial derivative of log-likelih

H: Hessian matrix with the second partial derivative of log

H.inv: inverse of H

<- length(data[1,-1]); N <- length(data[,1])
<- data[,1]; Y <- data[,-1]
(logit){ X <- cov-mean(cov) }

(logit){

pred <- matrix(rep(par[1:K],N),byrow=TRUE,ncol=K)+par
pi <- 1/(1+exp(-pred))

else {

pi <- matrix(rep(par,N),byrow=TRUE,ncol=K)

prod <- apply((1-pi)"Y,1,prod)

if

}

Il
g

(logity{
sum.1l <- apply(1-(1-pi)°Y,1,sum)
sum.2 <- apply((pi"Y) * (1-piY),1,sum)

<- sum(d *log(1-prod)+(1-d) * log(prod))
<- numeric(K+logit); H <- matrix(0,ncol=K+logit,nrow=K

for (k in 1:K){

ind.k <- which(Y[,k]==1)

it (logit){

andline_search

*Se)

ClI,3),round(nr,1),round(AF,3))
sions","AF")

,3),round(nr,1),round(AF,3))
sions","AF")

ood
-likelihood

[K+1] *X

+logit)
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glk] <- sum((d  *pi[k}/(1-prod)-pi[k])[ind.K])

H[k,k] <- sum((d  *pi[,k] *(1-pi[,K]-prod)/(1-prod)"2-pi[,K] * (1-pi[,k]))[ind.K])

H[k,K+1] <- H[K+1,k] <- sum((X *(d*pi[,k]  *((2-pi[,K]) * (1-prod)-prod *sum.1)/(1-prod)"2
-piLk]  * (1-pi[K]))[ind.k])

} else {
glk] <- sum((d  *prod/((1-pi[,k]) * (1-prod))-(1-d)/(1-pi[,k]))[ind.k])
H[k,k] <- -sum((d = prod"2/((1-prod)-2 * (1-pi,K])"2)+(1-d)/(1-pi[,K])"2)[ind.K])
}
for (I in min((k+1),K):K){
it (KI=I)y
ind.kl<- which((Y[,K]==1)&(Y[,]==1))
if (logit){
HIk,J] <- H[k] <- sum((d «pi[,k]  *pi[ll  *prod/(1-prod)"2)[ind.kI])
} else {
HIKI] <- H[LK] <- -sum((d * prod"2/((1-prod)"2 «(L-piLK)  *(1-pi[,)))[ind.KI))
}
}
}
}
if (logit){

g[K+1] <- sum(X *(d *sum.1l/(1-prod)-sum.1))
H[K+1,K+1] <- sum(X"2 *(d *((1-prod) *sum.2-prod =*sum.1°2)/(1-prod)"2-sum.2))
}

if (logity{
# invert H via block-inversion for case of "singularity" due to precision
A <- H[1:K,1K]; B <- H[K+1,1:K]; C <- H[L:K,K+1]; D <- H[K+1, K+1]
A.inv <- solve(A); A.inv_B <- A.inv% *%B; C_A.inv <- C% *%A.inv

L1 <- Ainv + (A.inv_B% *%L4)% %C_A.inv; L2 <- -A.inv_B% *%0L4
L3 <- -L4% *%C_A.inv; L4 <- 1/(D-C% *%A.inv% * %B)
H.inv <- rbind(cbind(L1,L2),cbind(L3,L4))
} else {
H.inv <- solve(H)

}

list(ll=Il,g=g,H=H,H.inv=H.inv)
}

line_search <- function(x0,ll0,dir,data,logit=FALSE,c ov=NULLY
INPUT:

x0: current estimate to start line search algorithm from

l10: log-likelihood value at x0

dir: direction for line search (H*(-1) *()

data / logit / cov: as in mle-function

OUTPUT:
X.n: new estimate based on line search

HOHH K HHHH

lambda <- 1
Il.n <- log_lik(x0,data,logit,cov)

# determine the correction direction

x.d <- x0-0.01 =dir;

if (logit) { x.d[x.d>10] <- 10; x.d[-x.d>15] <- -15

} else { x.d[x.d<=0] <- 10°(-5); x.d[x.d>=1] <- 1-107(-5) }
Il.d <- log_lik(x.d,data,logit,cov)

if (ILd$l<ll.n$ll) {dir <- -dir}

.n$ll <- Il.n$lI-1

while(Il.n$lI<I10){
lambda <- lambda/2
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x.n <- xO-lambda =*dir;

if (logit){ x.n[x.n>10] <- 10; x.n[-x.n>15] <- -15

} else { x.n[x.n<=0] <- 10°(-5); x.n[x.n>=1] <- 1-107(-5) }
Il.n <- log_lik(x.n,data,logit,cov)

}

return(x.n)

}
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eAppendix 3. Supplementary tables and figures

eTablel: Number and proportion of women with a positive HPV genetygsult in the cervical samples and in the
lesions as detected by laser capture microdissection-Bi@Rified by country.

the Netherlands Spain
cervical cervical
sample CIN2+ CIN3+ sample CIN2+ CIN3+
HPV genotype n (%) n (W* n (W? n (%) n (%)® n (%)®
(probable) high-risk
16 28 (35 22 (79) 15 (54 161 (37) 107 (66) 60 (37)
18 9 (11) 3 (33) 2 (22) 34 (7.9) 13 (38) 6 (18)
31 14 (17) 10 (7)) 5 (36) 71 (16) 31 (44) 8 (11)
33 5 (6.2) 2 (40) 0 0) 24 (5.6) 16 (67) 6 (25)
35 8 (9.9 3 (38) 3 (38 22 (5.1) 6 (27) 3 (14)
39 5 (6.2 0 (0) 0 (0) 32 (7.4) 5 (16) 0 (0)]
45 0 ()] 0 - 0 (0)] 12 (2.8) 4  (33) 1 (8.3
51 14 (17) 6 (43) 1 (7.1 46 (112) 4 (8.7) 3 (6.5)
52 6 (7.4 1 a7) 1 (17 57 (13) 13 (23) 5 (8.8)
53 9 (11) 0 ©) 0 (0) 35 (8.1) 1 (2.9 0 0)
56 5 (6.2 2 (40) 1 (20) 31 (7.2) 4 (13) 1 (3.2
58 3 (3.7 2 (67) 1 (33 21 (4.9) 10 (48) 5 (24)
59 6 (7.4 3 (50) 2 (33 5 (1.2) 0 (0)] 0 ©)
66 12 (15) 3 (25) 0 (0) 39 (9.0) 4  (10) 2 (5.2
68 4 (4.9) 0 0) 0 0) 27 (6.3) 4  (15) 2 (7.4
low risk
6 2 (2.5) 0 0) 0 0) 17 (3.9) 0 ©) 0 ©)
11 5 (6.2) 0 0) 0 0) 10 (2.3) 0 (0) 0 (0)
34 1 (1.2 0 (0) 0 (0) 6 (1.4) 0 ©) 0 ©)
40 0 0) 0 - 0 - 2 (0.46) 0 (0) 0 (0)
42 0 (0)] 0 0 5 (1.2) 0 ()] 0 ()]
43 0 (0) 0 - 0 - 2 (0.46) 0 (0) 0 (0)
44 2 (2.5 0 ()] 0 0) 7 (1.6) 0 ©) 0 ©)
54 3 (3.7 0 (0) 0 0) 13 (3.0) 1 (7.7) 0 ©)
70 3 (3.7 0 (0) 0 (0) 7 (1.6) 0 ©) 0 ©)
74 3 3.7 0 (0) 0 (0) 10 (2.3) 0 (0) 0 (0)
Total 147 57 31 696 223 102

apercentage of women positive for that HPV genotype.
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eTable 2: Estimated genotype-specific CIN2+ and CIN3+ rigl)(and number of lesions:f for all 25 HPV

genotypes.
CIN2+ CIN3+
HPV genotype Tk 95% ClI n Tk 95% ClI n
(probable) high-risk
16 0.68 0.61, 0.75 129 0.41 0.34, 0.49 78
18 0.36 0.19,0.53 15 0.14 0.027,0.26 6.2
31 0.48 0.36, 0.60 41 0.11 0.031,0.18 9.0
33 0.64 0.46, 0.83 19 0.22 0.064, 0.37 6.3
35 0.36 0.12, 0.60 11 0.20 0.028, 0.38 6.1
39 0.076 <0.001, 0.20 2.8 <0.001 <0.001, 0.32 <0.001
45 0.41 0.13,0.69 4.9 0.14 <0.001,0.32 1.7
51 0.16 0.033, 0.28 9.5 0.058 <0.001,0.13 3.5
52 0.18 0.059, 0.30 11 0.061 <0.001,0.14 3.8
53 <0.001 <0.001,0.21 <0.001 <0.001 <0.001, 0.29 <0.001
56 0.14 <0.001, 0.30 5.2 <0.001 <0.001, 0.30 <0.001
58 0.43 0.20, 0.66 10 0.23 0.039, 0.43 5.6
59 0.31 0.019, 0.59 3.4 0.24 <0.001,0.51 2.6
66 0.16 0.032,0.30 8.4 0.043 <0.001,0.10 2.2
68 0.079 <0.001,0.21 2.4 <0.001 <0.001, 0.13 0.004
low risk
6 <0.001 <0.001, 0.35 <0.001 <0.001 <0.001, 0.44 <0.001
11 <0.001 <0.001,0.51 <0.001 <0.001 <0.001,0.51 <0.001
34 <0.001 <0.001, 0.85 <0.001 <0.001 <0.001, 0.75 <0.001
40 <0.001 n.r. <0.001 <0.001 n.r. <0.001
42 <0.001 <0.001, 0.88 <0.001 <0.001 <0.001, 0.88 <0.001
43 <0.001 n.r. <0.001 <0.001 n.r. <0.001
44 <0.001 <0.001, 0.35 <0.001 <0.001 <0.001, 0.65 <0.001
54 <0.001 <0.001, 0.53 <0.001 <0.001 <0.001, 0.48 <0.001
70 0.007 <0.001, 0.58 0.066 <0.001 <0.001, 0.59 <0.001
74 <0.001 <0.001, 0.63 <0.001 <0.001 <0.001, 0.52 <0.001

Cl=confidence interval; n.r.=95% CI not reported becautimeate was indeterminate.

eTable 3: Estimated genotype-specific CIN2+ and CIN3+ rigl)(and number of lesions:j for only the 15

high-risk or probable high-risk HPV genotypes.

CIN2+ CIN3+

HPV genotype Tk 95% ClI n Tk 95% ClI n
16 0.68 0.61,0.75 128 0.40 0.33,0.47 75
18 0.35 0.18, 0.52 15 0.14 0.026, 0.26 6.1
31 0.48 0.36, 0.60 41 0.11 0.032,0.18 9.2
33 0.64 0.45, 0.83 19 0.22 0.065, 0.37 6.4
35 0.34 0.098, 0.57 10 0.21 0.029, 0.38 6.2
39 0.076 <0.001, 0.20 2.8 <0.001 <0.001, 0.31 <0.001
45 0.41 0.13, 0.69 4.9 0.14 <0.001,0.34 1.7
51 0.15 0.039, 0.27 9.3 0.059 <0.001,0.13 3.5
52 0.18 0.062, 0.30 12 0.064 <0.001,0.14 4.0
53 <0.001 <0.001, 0.19 <0.001 <0.001 <0.001, 0.29 <0.001
56 0.14 <0.001, 0.29 5.1 <0.001 <0.001, 0.30 <0.001
58 0.43 0.20, 0.66 10 0.24 0.043,0.44 5.8
59 0.31 0.019, 0.59 34 0.24 <0.001, 0.52 2.6
66 0.16 0.035, 0.28 8.1 0.043 <0.001,0.10 2.2
68 0.079 <0.001, 0.21 24 0.001 <0.001,0.14 0.024

Cl=confidence interval
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Genotype specific risk of CIN2+

eFigure 1: Estimated genotype-specific risk of CIN2+ with corregfiog 95% Cls, for all positive women not ad-
justed for age (black dots), for high-risk and probable hiigk positive women only adjusted for age (red squares),
and HPV16 negative women not adjusted for age (blue triahgiEhe standard error of the age-adjusted estimate
for HPV53 (red square) was indeterminate and the 95% CI cootdbe computed.
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eFigure 2: Median (and 95% confidence interval) SDAF of our methoddkldots), the proportional approach
(blue triangle) and the hierarchical approach (red squarajifferent sample sizes of HPV-positive women in the
simulated sample.



