Aalborg Universitet
AALBORG UNIVERSITY

DENMARK

Comparison of discrete measurements by directed graphical models using Gibbs
Sampling

Hgjbjerre, Malene

Publication date:
2007

Document Version
Publisher's PDF, also known as Version of record

Link to publication from Aalborg University

Citation for published version (APA):
Hajbjerre, M. (2007). Comparison of discrete measurements by directed graphical models using Gibbs
Sampling. Poster session presented at Valencia International Meeting on Bayesian Statistics, Valencia, Spain.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

? Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
? You may not further distribute the material or use it for any profit-making activity or commercial gain
? You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us at von@aub.aau.dk providing details, and we will remove access to
the work immediately and investigate your claim.

Downloaded from vbn.aau.dk on: April 30, 2017


http://vbn.aau.dk/en/publications/comparison-of-discrete-measurements-by-directed-graphical-models-using-gibbs-sampling(01a55b10-9764-11dc-8188-000ea68e967b).html

Comparison of Discrete Measurements
by Directed Graphical Models
Using Gibbs Sampling




— Motivation

Screening for Cervical Cancer:

Human Papilloma Virus (HFPV/) in uterine cervix has shown causative
effect on developing cervical cancer, i.e. an important factor when
screening for cervical cancer.

For 106 women HPV in uterine cervix detected by 4 screening methods:

[0 smear analysed in microscopy O biopsy analysed in microscopy

O smear analysed by DINA [0 biopsy analysed in DINA

Which method is best to screen for cervical cancer?

Problems: Solution:
0 True class unknown Bayesian approach to a

0 Two levels of uncertainty two stage latent structure model/

[0 Test results dependent directed graphical model




— Directed Graphical Models

Defined by

e Directed Acyclic Graph G = (V, E)
V: set of
E: set of

e joint distribution of V' is
wrt. to G

p(V)= ][ p(vipa(v))

veV

v 1l nd(v) | pa(v)

Lauritzen(1996)

Vertices
V=XUYUOB

where

X: data

Y. data and/or

variables
O:
about ©®




— Bayesian Inference by MCMC Methods

all quantities random

p(6)
p(0x)= [p(y,Olx)dy intractable integral

Successively simulate values from the

p(VIVAV) o p(v]pa(v)) - p(wlpa(w)), veYUO®

w:vEpa(w

Converges to a Markov chain with p(y, 0]x)

o by considering only parts of simulated values

o Is based on summary statistics of simulated values

Spiegelhalter(1998)




— Bayesian Inference by MCMC Methods

e BUGS (Payesian inference Using Gibbs Sampling)
Spiegelhalter et al (1996)

e CODA (Convergence Diagnostics and Output A nalysis)
Best et al (1996)

a prerequisite
e information - a strength

e no/little information - a prior with large variance chosen almost

Influence of prior? — by




— Likelihood Inference by MCMC Methods —

in ¢ (specific parameter value)

L(6olx) = [ p(x,yl60)dy intractable integral
= [[p(x,yl00)p(0)dyde (fp(0)do =1)
_ ;ﬁ xxw__@@o p(x,y|0)p(0)dyde

= %@xw__@% p(y, 0/x)dydo (p(x,yl0)p(0) =p(y,8x)p(x))

3:8:; EEVQEV...éﬁzgﬁz; from p(y, O/x)

p(x|palx) ¥ 00 )p(y )| pa(x)xv " 00))
|V _:— ﬁx;@Qﬁxvﬁxvc:vb:u:ﬁTu_C.:ﬁmﬁxvﬁxvc:vb::v




— Likelihood Inference by MCMC Methods —

log £ (8ix) = suplogL (0x)
O\1i

1. _omm (Oolx) in formed by quantiles of Gibbs output
ol 0%, ... oM
2. over the grid to approximate profile log-likelihood

1. value of each grid point and pair this with
corresponding log-likelihood approximation

2. pairs wrt. function value

3. wrt. log-likelihood value over bin to approximate profile
log-likelihood of function

Hgjbjerre (2002)




— Screening for Cervical Cancer

Directed Graphical Model:

Hgjbjerre (2001)
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— Screening for Cervical Cancer

For woman i, 1=1,2,...,106
ﬁ 1 if HPV in uterine cervix
O if HPV not in uterine cervix

ﬁ 1 if HPV in smear
O if HPV not in smear

ﬁ 1 if HPV in biopsy
O if HPV not in biopsy

ﬁ 1 if HPV in smear by microscopy
O if HPV not in smear by microscopy

ﬁ if HPV in smear by DNA
0

if HPV not in smear by DNA

1 if HPV in biopsy by microscopy
if HPV not in biopsy by microscopy

if HPV in biopsy by DNA
if HPV not in biopsy by DNA

P(Vi=1) Vi|0y ~ Bern (0v)
=1Vi=1)
11Vi =0) SiIVi,05,05 ~Bern(0¢ Vi + 05 (1 —Vy))
- = _v
0)  MSilSi,0s,0ms ~Bern(8psSi + Ops (1 —Si))




— Screening for Cervical Cancer

Compare for all methods:
[]

[

Prior 1 Prior 2 Prior 3

Ov |Be(6,14) Be(1,1) Be(1,1)
GWT Be(112,6) Be(2,1) Be(2,1)
s

mw Be(3.0,1.3) Be(2,1) Be(2,1)
B

@H\G Be(13.8,9.2) Be(2,1) Be(2,1)
ws | Be(3.5,31.5) Be(1,2) Be(T1, 2)

mmm Be(69.6,2.2) Be(2,1) Be(2,1)
Ds Be(1,2)

@ww\:w Be(13.8,9.2) Be(2,1) Be(2,1)
we | Be(3.5,31.5) Be(1,2) Be(T1, 2)

®mw Be(54.4,4.7) Be(2,1) Be(2,1)
DB Be(1,2)

0 ~ "E(8) = 0.015 2,/V(0) = 0.01

Specifies that HPV not in smear or biopsy, if not in cervix and

DNA has few false positives




— Screening for Cervical Cancer

Senys Senps Ssenyvp Senpp SP€ms SP€pg SP€uB

SP€pp

Prior 1

Prior 2

Prior 3

[] Prior great influence
[] Prior 2 (large variance) contradicts the well-known fact that DNA has few false positives

~» prior sensitivity analysis by approximating profile log-likelihood

10




— Screening for Cervical Cancer
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Conclusions very dependent on prior

L]

Likelihood analysis reveals problems with default prior
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— Screening for Cervical Cancer
m:g-\:m—.<" (Prior 1 and Prior 3)

Parameter Posterior mean 95% Cred. interval MLE 95% Conf. interval
senps 0.32 0.23 —0.42 0.31 0.26 — 0.40
senps 0.85 0.76 — 0.93 0.89 0.80 — 0.93
senyg 0.57 0.48 — 0.67 0.55 0.51 —0.68
senpg 0.58 0.46 — 0.67 0.59 0.50 — 0.67
speys 0.88 0.68 — 0.99 0.97 0.82 —0.99
spepg 0.97 0.96 —0.98 0.97 0.94 — 0.99
spevg 0.75 0.55 — 0.96 0.72 0.60 — 0.87
spepg 0.97 0.96 —0.98 0.97 0.95 — 0.99

[0 Smear analysed by DNA is most sensitive and most specific -
based on prior information that DNA has no false positives

Discussion:

[0 Prior sensitivity analysis is possible by MCMC likelihood inference

0 Likelihood analysis reveals problems with default priors -
a supplement to the Bayesian analysis

[0 Analysis forms basis for a general method to compare discrete
measurements where true class unknown

12
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