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Who I am…     



Series of patients

Index test

Reference (“gold”) standard

Compare the results of the 
index test with the reference 

standard, blinded

Basic structure of 
diagnostic studies
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Index test: “…The resulting images were used to train deep neural networks for assessment of prostate biopsies. 
The networks were evaluated by predicting the presence, extent, and Gleason grade of malignant tissue…”

Series of patients: “…We digitised 6682 slides from needle core biopsies from 976 randomly selected 
participants aged 50–69 in the Swedish prospective and population-based STHLM3 diagnostic study done 
between May 28, 2012, and Dec 30, 2014 (ISRCTN84445406), and another 271 from 93 men from outside the 
study…”

Gold standard: “…an independent test dataset comprising 1631 biopsies from 246 men from STHLM3 and an 
external validation dataset of 330 biopsies from 73 men. We also evaluated grading performance on 87 biopsies 
individually graded by 23 experienced urological pathologists from the International Society of Urological 
Pathology…”

Accuracy: “…The AI achieved an area under the receiver operating characteristics curve of 0·997 (95% CI 
0·994–0·999) for distinguishing between benign (n=910) and malignant (n=721) biopsy cores on the independent 
test dataset and 0·986 (0·972–0·996) on the external validation dataset (benign n=108, malignant n=222). The 
correlation between cancer length predicted by the AI and assigned by the reporting pathologist was 0·96 (95% CI 
0·95–0·97) for the independent test dataset and 0·87 (0·84–0·90) for the external validation dataset. For assigning 
Gleason grades, the AI achieved a mean pairwise kappa of 0·62, which was within the range of the corresponding 
values for the expert pathologists (0·60–0·73).”
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Series of patients

Index test

Reference (“gold”) standard

Compare the results of the 
index test with the reference 

standard

Men 50-69 with 
suspected prostate 
cancer 

AIML classifier: 
Malignant Y/N

Board certified 
urological pathologist

External test set of 
330 cores:

AUC of 98.6%
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 Diagnostic reasoning
 Basic design of diagnostic studies
 Appraising a diagnostic study in 3 easy steps
 What do all the numbers mean?
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Appraising diagnostic tests: 3 easy steps

1. Are the results valid?

2. What are the results?

3. Will they help me 
look after my patients?
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Appraising diagnostic tests: 3 easy steps

1. Are the results valid?

2. What are the results?

3. Will they help me 
look after my patients?

•Appropriate spectrum of patients?

•Does everyone get the gold standard?

•Is there an independent, blind or 
objective comparison with the gold 
standard?
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Appropriate spectrum of patients? 

 Ideally, test should be performed on group of patients 
in whom it will be applied in the real world clinical 
setting

Series of patients: “…We digitised 6682 slides from needle core biopsies from 976 randomly selected 
participants aged 50–69 in the Swedish prospective and population-based STHLM3 diagnostic study done 
between May 28, 2012, and Dec 30, 2014 (ISRCTN84445406), and another 271 from 93 men from outside the 
study…”
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ALL patients have the gold standard?

 Ideally all patients get the gold /reference standard 
test

Gold standard: “…an independent test dataset comprising 1631 biopsies from 246 men from STHLM3 and an 
external validation dataset of 330 biopsies from 73 men. We also evaluated grading performance on 87 biopsies 
individually graded by 23 experienced urological pathologists from the International Society of Urological 
Pathology…”
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Independent, blind or objective comparison with the 
gold standard?

 Ideally, the gold standard is independent, blind 
and objective
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RDORs indicate the 
diagnostic performance of 
a test in studies failing to 
satisfy the methodological 
criterion, relative to its 
performance in studies 
with the corresponding 
feature Example of bias 

introduced to estimate 
(overestimate) 
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Appraising diagnostic tests: 3 easy steps

1. Are the results valid?

2. What are the results?

3. Will they help me 
look after my patients?

•Sensitivity, specificity

•Likelihood ratios

•Predictive values
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Appraising diagnostic tests: 3 easy steps

1. Are the results valid?

2. What are the results?

3. Will they help me 
look after my patients?

•Can I do the test in my setting?
•Do results apply to the mix of patients I see?
•Will the result change my management?
•Costs to patient/health service?
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No action Test Action
(e.g. treat)

Probability of disease0% 100%

Testing 
threshold

Action 
threshold
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 Will the results change my management?
 Reproducibility of the test and interpretation in my 
setting
 Impact on outcomes that are important to patients?
 Where does the test fit into the diagnostic strategy?
 Costs to patient/health service?
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 In the ideal world, a test would have perfect 
discrimination…

i.e. all the patients who HAVE the disease are identified by 
the test 

AND all the patients who DO NOT have the disease have a 
negative test
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True 
positives

True 
negatives
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Disease 

Test

+ -
+

-

Sensitivity = a / a + c

Proportion of people 
with the disease who 
have a positive test 
result.

So, a test with 84% 
sensitivity….means 
that the test identifies 
84 out of 100 people 
WITH the disease

a

True 
positives

c

False 
negatives
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Disease 

Test

+ -
+

-

Sensitivity = 84/ 100

Proportion of people 
with the disease who 
have a positive test 
result.

So, a test with 84% 
sensitivity….means 
that the test identifies 
84 out of 100 people 
WITH the disease

84

16
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Disease 

Test

+ -
+

-

b

False 
positives

d

True 
negatives

Specificity = d / b + d

Proportion of people 
without the disease 
who have a negative 
test result.

25
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Test

+ -
+

-

b

25

d

75

Specificity = 75/100

Proportion of people 
without the disease 
who have a negative 
test result.

So, a test with 75% 
specificity will be 
NEGATIVE in 75 out 
of 100 people without 
the disease
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 Sensitivity is useful to me
 ‘The new rapid COVID19 test was positive in 47 out of 56 persons 

with COVID19 (sensitivity =83.9%)’

 Specificity seems a bit confusing!
 ‘The new rapid COVID19 test was negative in 600 of the 607 persons 

who did not have COVID19 (specificity = 98.8%)’

 So…the false positive rate is sometimes easier
 False positive rate = 1 – specificity
 So a specificity of 98.8% means that the new rapid test is wrong (or 

falsely positive) in 1.2% of people tested
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+ -
+

-

7

600

Specificity = 600/607 = 98.8%

False positive rate =  1-specificity = 1.2%

COVID19 Lab 
PCR

rapid test 
nasal swab

607

There were 607 
persons who did not 
have COVID19… 
the rapid test was 
falsely positive in 7 
of them
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