CHEITL 2o HEALA BF5| | 2006; 36 : 1-5

oJehA oA =0l gk 1% Bayesian analysis
and ROC analysis

AR A TR A G 2A

o=

Medical decision making tools : Bayesian analysis and ROC analysis

Byung-Do Lee
Department of Oral and Maxillofacial Radiology, School of Dentistry, Wonkwang University

ABSTRACT

During the diagnostic process of the various oral and maxillofacial lesions, we should consider the following:
“When should we order diagnostic tests? What tests should be ordered? How should we interpret the results
clinically? And how should we use this frequently imperfect information to make optimal medical decisions?” For
the clinicians to make proper judgement, several decision making tools are suggested. This article discusses the
concept of the diagnostic accuracy (sensitivity and specificity values) with several decision making tools such as
decision matrix, ROC analysis and Bayesian analysis. The article also explain the introductory concept of ORAD
program. (Korean J Oral Maxillofac Radiol 2006; 36 : 1-5)
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1. Decision matrix (Table 1)*

A Ao AGHE Frisle Wyds W=
(sensitivity)$} B-o} = (specificity)7} ¢l o™, gold standard =
7oz AR §1 IFE g glgxe] Solx
= decision matrix 28E] AlZo] 7}edly kA &3
(positive predictive value)2} &Al o] %] (negative pre-
dictive value) = dejzlt}. o] & Eo] ATt WAL ARALS
o] 438le] R|o}9-A1 S Additiy P BA}b Xof
Aol AAZ EAhe X olEe] X HAMIAz 6| A
Aot Fow AEFE o] wztsolm, X olgAlR
o] EAEHA e A Holseo] HAH etz %
S5 Ec] Bo)=2 ¥ Hr} oJgdt wiztxs} Eo
=% Ad AAR (o X2 AR Zed )] A Eks
E R W os AMSEEY, A5 ueiMe A
el Ag=ros, £ Ayl XolpAlE Fo] Awe
AA 2 7T g el oS He) ke A4 9
o o] Hg KA dAEA Y &4 <IEH7) o)gHH

2. Prior probability, Decision criterion®”
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Table 1. General decision matrix

Presence of disease

Test result

Present (D+) Absent (D—) Total
Abnormal (T+) TP FP TP+FP
Normal (T—) FN TN FN+TN
Total TP+FN FP+TN

TP: true positive, FP: false positive, FN: false negative, TN: True neg-
ative. Sensitivity: TP/ TP+FN, Specificity: TN/ FP+TN, Positive Pre-
dictive value: TP/ TP+FP, Negative Predictive value: TN/ FN+TN

Exclusion Prior Action
threshold probability threshold
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Fig. 1. The purpose of the diagnostic test is to obtain additional
information in order to update the prior probability to a posterior
probaility. Prior probability: the prevalence of the disease in the
population being tested. Exclusion: the absence of the disease
assumable. Action: deciding whether to do a test or not to do it
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Prior
probability
Exclusion Action
threshold / \ threshold
35yr 65yr I
0.35 0.70
0.05 0.80

Fig. 2. Assumed “action” (0.80) and “exclusion” (0.05) thresholds
for hypothetical example. Prior probability for certain disease (ex:
myocardial ischemia) is significantly lower for a 35-year-old
woman (0.35) than for a 65-year-old man (0.70).

(A) Separatlon Decision criterion (X¢)

g Test(—) Test(+)
=

>

g

=)

S

s

5]

=} People

= without

disease (TN)
People
with
disease (TP)
Test result
(B) Overlap
Xc
Test(—) Test(+)

g

s

~

g

£

)

P

=]

2

People People
without with
disease (TN, disegse (TP)

Test result

Fig. 3. The degree of separation between the abnormal and normal
populations when a specific decision criterion is used determines
the discriminating ability of the test. The selected decision cri-
terion defines a positive or negative test.
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Fig. 4. The discriminating ability of a test using the defined deci-
sion criteria is characterized by the sensitivity (A) and the speci-
ficity (B).
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Fig. 5. (A) People with disease whose test results happen to be to
the left of Xc¢ will be FN, and normals whose results are to the
right of Xc will be FP. (B) FN have been eliminated by moving
Xc to the lower end of D (+) curve. As a result of eliminating FN,
FP increased.
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3. ROC (Receiver Operating Characteristics)™”’
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Fig. 6. (A) The reciprocal relationship
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between sensitivity and specificity as a
function of changing the decision crite-
rion can be expressed by the ROC curve.
(B) Intrinsic test performance is direct-
ly related to overlap between normal and
abnormal populations. The ROC curve
is a good way to demonstrate the rela-
tive performance of diagnostic tests:
the superior test ROC curve can be seen
to be closer to the upper left-hand cor-
ner of the graph.

Superior performance

Inferior performance

P(D) P(S/D)

PDIS)=—"5;

P (D/S): Posterior Probability, the probability of the disease after a
given test result is known

P (S): Probability of Symptom

P (D): Probability of Disease

P (S/D): Probability of specific symptom S being present, given
that the patient has the disease D

In the case of Hyperthyroidism (D), insomnia (S)

P (D)=0.05 (5% of the population)
P(8)=0.1 (10% of the population)

P (5/D)=0.3 (30% of the population)
P(D/S)=(0.05x0.3)/0.1=0.15

Fig. 7. A simple example of Bayes equation.

(TPR * Prior Probability)

P DT +) = PR+ Prior Probability) + [FPR * (1 ~ Probability)]

P[DIT+]: posterior probability, represents the probability of
having the disease if the test is positive

TPR: true-positive rate or sensitivity

FPR: false-positive rate or (1-specificity).

Fig. 8. Bayes’ theorem expressed with the concept of sensitivity,
specificity and prior probability.
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P(T+/D+)X P(D+)
P(T+/D+) X P(D+)+P(T+/D—)xP(D—)

P(D+/T+)=

P (D+/T+)=The conditional probability that given a positive
diagnostic procedure (T+), disease is present (D).

P(T+/D+)=The true-positive ratio, or the probability that given
a disease (D+), the diagnostic procedure will result
in positive findings (T +).

P (D+)=Incidence of disease (D+) in the population (or surfaces).

P(T+/D—)=The false-positive ratio, or the probability of a pos-
itive result (T+) when the disease is not present.

P(D—)=The probability that disease (D—) is not present. This is

equivalent to 1-P(D+).

Fig. 9. Bayes’ theorem may be written Using McNeil’s notation®.

FoD) {@j hitp://www,orad, org/cgi-bin/orad/patient,pl

Patient Information
What is the sex of your patient? ] Male v;

‘What is the race of your patient? INoanack vl

‘What is the age of your patient? |26 - 50

Does your patient have pain or paresthesia? m
Please estimate the number of lesions. {One v

Which jaw contains the lesion? 1Mandible only 'l

The lesion center is in what regjon ? IMolar region v]
The contents of the lesions are: [Radiolucent 'l
What is the maximum size of the lesion? [Less than 2 em -]
The borders of the lesion are [Corticated =}

The loculation of the lesion is: ]Uni!OCU’ar 'l

‘Where is the grigin of the lesion? ICentvaI 'I

The relationship of the lesion to teeth is: |Not tooth associated e
Does the lesion expand the bony cortex? {No e

Does the lesion cause root resorption ? {No 7]

Does the lesion cause tooth displacement or impaction? !NO 'i

Shall we consider prevalence? ] Yes "i

Fig. 10. An example of view page of ORAD program on WEB.
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Table. 2. A simple example of application of ORAD program

Conditi Prior Age Gender
ondition

probability .16 12.25 26-50 >50 M F
A (cyst) 2 10 30 20 40 60 40
B (tumor) 1 50 30 10 10 10 90
C (infection) 3 0 0 30 70 50 50
In the case of 35-year old man (for example)

Relative
probability Age  Gender Product

A (cyst) 2 20 60 2,400 (2 X 20 X 60)
B (tumor) 1 10 10 100 (1 X 10 x 10)
C (infection) 3 30 50 4,500 (3 x 30 x 50)

Probability of each condition
C (infection) : 4,500/7,000=0.643, A (cyst) : 2,400/7,000=0.343, B
(tumor) : 100/7,000=0.014
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