Evaluation of
Diagnostic Test Studies

Validity
Three Main Issues

1. Was there and independent, blind
comparison to an acceptable reference
(gold) standard?

2. Was the patient spectrum appropriate?

3. Was the reference (gold) standard applied
regardless of the new test results?




Diagnosis: Validity

« Was there and independent, blind
comparison to a “gold” or reference
standard?

— Study patients must undergo both tests: the new test
and the reference (gold standard) test

— The new test and “gold standard” must be assessed
independently of each other by interpreters unaware
of the results of the other investigation. This avoids
over- or under-interpretation of the reference (gold)
standard, either of which could affect study results.

Diagnosis: Validity

« Was the patient spectrum appropriate?

— The spectrum of patients should be similar to those whom the
diagnostic test will be applied in our clinical practice

— The study patients should have varying likelihoods of having the
disease. The studied patient population should not be
composed of completely healthy patients (i.e., “controls”) or
patients that are obviously symptomatic with the disease. In both
of these types of patients, testing for the disease would be
unnecessary and would skew results, with the test performing
better in the study population than in the typical clinical venue.

— The spectrum of studied patients should included early and late,
mild and severe cases. Also included in the spectrum of patients
studied should be all common presentations of the target
disorder, as well as patients with other, commonly confused
diagnoses




Diagnosis: Validity

« Was the reference (gold) standard applied
regardless of new test results?

Did the results of the new test influence the decision to perform the
reference standard?

If so, it will lack confirmation by the “gold” standard. This could
inflate the “accuracy” of the new test.

At times, a substitute for the gold standard may be employed when
it may be unethical or impractical to use the gold standard in
patients that test negative. An example of this would be a study of
the diagnostic accuracy of CT scan in appendicitis. In study
patients that are a lower risk for appendicitis and have a negative
CT scan, one would be reluctant to perform surgery (the gold
standard). A “proxy gold standard should be described in the
article. In this case, long-term foliow-up could be a proxy gold
standard.

Diagnostic Test Studies

Understanding Results

Learning objectives:

1.

o1 B e N

Importance of pre-test probability
Sensitivity/Specificity

Likelihood Ratio (LR)

The LR is pre-test-probability independent
Calculating the post-test probability




What a diagnostic test does

X | “Results of [= |Post-test
Pre tes.t . diagnostic probability
probability fCsE
(Probability that (Probab_i/ity that
the patient has tf{e patient has
disease prior to disease given the
administering the addtt:ona/
test) information of the

test results)

What is a pre-test probability
and where can we find it?

Pre-test probability

* Best: prevalence among my patients

* If don’t know, then..
— prevalence noted in the clinical study
— ask a local expert
— make an educated guess

A pre-test probability M U ST be assigned

in order to figure out the post-test probability




“Results of diagnostic test”

Sensitivity and Specificity

* Sensitivity is the proportion of people with a disease

who test positive

* Specificity is the proportion of people without a
disease who test negative

Example of a 2x2 table

Positive
test

Negative
test

Truly sick Truly well

TP FP
95 100

FN TN
5 800
100 900

195

805

1000




Sensitivity: How good is the test when
you’re sick?

Positive
test

Negative
test

Truly sick This test correctly
TP picks up 95/100
95 people who are sick.
5 A The sensitivity is 95%
100

Specificity: How good is the test when
you’re healthy?

This test correctly
classifies 800/900

people who are

healthy.

Its specificity is 89%

Truly well
FP
Positive 100
test
TN
Negative 800
test

900




Using sensitivity/specificity

Sensitivity and specificity are test characteristics
that are independent of disease prevalence (pre-
test probability)

With sensitivity, specificity, and your patient’s pre-test
probability, you can compute your patient’s post-test
probability of having the disease

One nice way to compute the post-test probability
of disease with sensitivity and specificity is with the
Likelihood Ratio

Are also Likelihood Ratios independent of
disease prevalence (pre-test probability)?

YES!

(LR’s are combinations of sensitivity and specificity)




Likelihood Ratio (LR)

MEMORIZE THIS AND THINK ABOUT IT!
Definition of LR:

[for any given test result]
“The probability that the patient

comes from the sick rather than
the healthy population”

Likelihood Ratio

MEMORIZE THIS AND THINK ABOUT IT.

For any given test result, “The probability that the patient comes from the
sick rather than the well population”

Each test result (e.g., positive, negative) has a likelihood ratio (LR+, LR-)
— +LR should be greater than 1
— -LR should be less than 1 (fractional)

* LR of 1 means the test result adds no new information (result is equally
likely to occur in a sick as in a well person)

+LR means the LR for a positive test
-LR means the LR for a negative test




What a diagnostic test does

Pre-test
“probability
(Probability
that the
patient has
disease

prior to

administering

the test)

X

174

Likelihood |=|Post-test
Ratio “probability”
(Probability
(Inherent | |thatthe
Test patient has
disease given
FFOpERtY) the additional
information
of the test
results)

Calculation of LR’s

Notice that the LR is a combination of
SENSITIVITY AND SPECIFICITY

Truly
sick

Truly
well

TP

Positive 95
test

FP
100

FN

Negative 5
test

TN
800

100

900

+LR = [95/100]/[100/900]

oo +LR = sensitivity/(1-specificity)
+ LR = 8.55

805 (-LR = [5/100]/[800/900]

-LR = (1-sensitivity)/specificity
1000l | R = 0.056

+LR means the LR for a positive test
-LR means the LR for a negative test e




The remainder of the slides discuss:

Calculating the Post-Test Probability from the
Pre-Test Probability and LR

the mathematical way
the nomogram way
the online, Dr. Alan Schwartz, way

the mathematical way

Pre-test probability (really | X Likelihood Ratio = | Post-test

the odds) probability

(Probability that the patient (Inherent Test (Probability that the patient

has disease prior to Property, Prevalence has disease given the

administering the test) Independent) additional information of
the test results)

Q Convert the pre-test probability (prevalence) to the pre-test odds
pre-test odds (Pr) = prevalence/(1 - prevalencef

Q Then calculate the post-test odds: Pr x LR = post-test odds of disease

a FinaIIY, convert the post-test odds back to a probability
Probability of disease = [post-test odds]/[1 + post-test odds]
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Pre Test Probabiﬁ\,ar

the nomogram way
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the online, Dr. Alan Schwartz, way

http://ulan.mede.uic.edu/~alansz/tools.html

OR Google EBM ALAN - First Hit

(The website will do all your calculations)
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EBNM and Decision Tools by Alan Schwartz

Below you will find links to decision-making tools and exercises developed by Alan Schwartz and used for evidence-based medicine or medical decision mald
tink opens in its own window.

Tools Click hgre

® Dnamostic 'llr:;(_.'an.njhl..-r - Given a 2x2 table (or prevalence/sensispec or prevalence/LRs), compute everything else, including confidence intervals and
optionally the impact of the test on action thresholds, and display a graphical nomogram The Perl source code for the caleulator is available under an of
source software license A mobilz version is now available for use on iPhones and other small-screen browsers

o MIITT/HETH Calculater - Given informahion about probability of an event under control and experimental reatment, calculate risk increase/decrease and

needed to treat or harm, including confidence intervals

Exerci

S

® Diagnoshc Test Cutoffs - A graphical demonstration of the effect of changing cutoff scores on sensitivity and specificity of a test

o Stanshcal Teshng Thresholds - A graphical demonstration like the above, but written in terms of statistical test theory (type I and Il error)

® Diagnostic test exercise - Test your knowledge about properties of diagnostic tests

® Utlity Assessment - Assess your utility for an health state using standard gamble, tme tradeoff, and rating scale techruques

® Mulh-attabute Ulility Assessment - Assess the utility of pan killers using multiple atiributes, weighted by importance. Demonstrates the SMARTER sys!
MAUT

® Markov model sunulation - Simulates a simple hypothetical markov model for diabetes

o Coubsffectivencay peripectves exercise - Perform some analyses of the cost-effectiveness of different breast cancer screening and treatment policies

BN
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Tz Regource fully Peer Rewewed by WMedEAPORTAL on 4/13/06

MedEAPORTAL Publication Number 209

Alterations to ks Eesource Created After This Tiate Have Mot Been Rewiewnd By MedEdPORTAL

Sabsequent Revision [I.)ntr or Frequency of Revig
Added link to mobile version of diagnostic test calculator Gmc mathemalical engine, different user interface) 17 February 2012
| Added personal action thresholds to diagnostic test calculator |12 November 20075
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EESNS) Diagnostic Test Calculator
Diagnostic Test Calculator
his caloularor can ine dimgrostic test ch istics itivity, specificity, likelihood ratios) iund/w' deteiming dic post-test probability of discase

jven given the pre-test probability and test ch istics. Given sample sizes, confidence intcrvals e aluo computed.

ton the right will displhy the probibifity that & patcnt hos the discase nfter ik positive ar negative test,

il pist one of thie sections below on the Joft; ind than elick on the "Compute’ button, Seetions you don't il out will bo computed for yon, snd thie nomogram
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