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Meta-analysis of diagnostic
accuracy studies



Diagnostic Test Accuracy Reviews

Framing the question

|dentification and selection of studies
Quality assessment
Data extraction

Data analysis

nterpretation of the results
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sensitivity specificity
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Heterogeneity in threshold

Diagnostic; Threshold
specificity=99% sensitivity=71%
Non-diseased Diseased
TN FN @ TP




Heterogeneity in threshold

Diagnostic, Threshold

specificity=97% sensitivity=86%

Non-diseased Diseased




Heterogeneity in threshold

Diagnostic, Threshold

specificity=94% sensitivity=94%

Non-diseased Diseased
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Heterogeneity in threshold

Diagnostic, Threshold

spec Wty:97% sens @(ty:86%

Non-diseased Diseased

Specificity = 86% Sensitivity =97%




Heterogeneity in threshold

Diagnostic, Threshold

specificity=71% sensitivity=99%
Non-diseased Diseased
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Threshold effects

Increasing
threshold
Increases
specificity but
decreases
sensitivity

sensitivity
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specificity
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Decreasing
threshold
increases
sensitivity but
decreases
specificity



Recelver characteristic operating (ROC)
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The ROC curve
represents the
relationship
between the true
positive rate (TPR)
and the false
positive rate (FPR)
of the test at
various thresholds
used to distinguish
disease cases from
non-cases.
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Diagnostic odds ratios

Ratio of the odds of positivity in the diseased to the
odds of positivity in the non-diseased

TP" TN
FP~ FN

DiagnosticOR =

sensitiviy
1- sensitiviy _ LR+ve
1- specificiy " LR- ve
specificily

DOR=




Diagnostic odds ratios

Cervical Cancer
(Biopsy)

Present | Absent
HPv | T 158
Test - 198
72 254 356
DOR = 65 161:16
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Diagnostic odds ratios

Sensitivity
Specificity 50% 60% 70% 80% 90% 95% 99%
50% 1 2 2 4 9 19 99
60% 2 2 4 6 14 29 149
70% 2 4 5 9 21 44 231
80% 4 6 9 16 36 76 396
90% 9 14 21 36 81 171 891

95% 19 29 44 76 171 361 1881
99% 99 149 231 396 891 1881 9801



Symmetrical ROC curves and
diagnostic odds ratios

As DOR increases,
the ROC curve
moves closer to its
ideal position near
the upper-left corner.

Sensitivity

ROC curve is
asymmetric when
test accuracy varies
with threshold

DOR =6 —=— DOR =3




The meta-analysis process

1. Calculation of an overall summary (average) of
high precision, coherent with all observed data

2. Typically a “weighted average” is used where
more informative (larger) studies have more
say

3. Assess the degree to which the study results
deviate from the overall summary

4. Investigate possible explanations for the
deviations



Meta-analysis of studies of diagnostic
accuracy

Pair of related summary statistics for each study
Sensitivity and specificity
Positive and negative likelihood ratios

Threshold effects induce correlations between
sensitivity and specificity

Heterogeneilty is the norm not the exception

Substantial variation in sensitivity and specificity are
noted in most reviews



Statistical modelling of ROC curves
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ROC curve and logit difference and sum
plot: small difference, same spread
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ROC curve and logit difference and sum plot:
moderate difference, same spread
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true positive rate (%oage)

ROC curve and logit difference and sum plot:

large difference, same spread
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ROC curve and logit difference and sum plot:
moderate difference, unequal spread
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Moses-Littenberg SROC method

Regression models can be used to fit the straight
lines to model relationship between test
accuracy and test threshold

D=a+DbS

Outcome variable D is the difference in the logits
Explanatory variable S is the sum of the logits

Ordinary or weighted regression — weighted by sample
size or by inverse variance of the log of the DOR

What do the axes mean?
Difference in logits is the log of the DOR
Sum of the logits is a marker of diagnostic threshold
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Producing summary ROC curves

Transform back to the ROC dimensions

1
TPR = 1+b

1 FPR \i-»
1+ea“H’) 5 1 - FPR

where ‘a’ is the intercept, ‘b’ is the slope

when the ROC curve is symmetrical, b=0 and
the equation is simpler




SROC regression: PSV example
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Transformation linearizes relationship between
accuracy and threshold so that linear regression
can be used



PSV example cont.
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The SROC curve is produced by using the estimates of a4 and Dto compute

the expected sensitivity (tpr) across a range of values for 1-specificity (fpr)
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RevMan 5: data and analyses

Add data by test or study

Add covariate
Study or test level
Continuous or categorical

Add analysis
Single test
Multiple tests
Paired data
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-‘1 Forest plot

Study TP FP FH TN Sensitivity Specificity Sensitivity Specificity
Allan 2004 0 1 1 123 0.00[0.00, 055 0.99[0.96 1.00) = u
Becker 2003 B 12 7 62 046[019 0748 0.84[0.73, 091] — & —
Bretagne 1993 14 & 4 18 078[0.52 0584 0.73[0.456 0.93] — & —
Challier 2004 20 8 6 35 077[0.86, 081 0.80[0.645, 0.90] — —i—
Kawazu 2004 4 4 134 064[0.31,0858) 0.487[0.93, 099 & 4
WMaertens 2002 11 7 2 80 085([0.55 088 0.82[0.84, 0.97 — —&
harr 2004 13 11 11 32 0454[0.33,074] 0.74[0.58, 0.86] —— —i—
Fereira 2004 1T 9 0 29 1.00[0.05,1.000 0.76[0.60,0.89] i —i—
Finel 2003 17 17 17 786 0.480([0.32, 0.68]) 0.83[0.497, 0.95) —— u
Ulusakarya 2000 16 11 0 108 1.00[0.83,1.00) 0.91 [0.84, 0.95] —_— :_.!: I :_':
00204060831 0020406081
2 \m B3 Add as Figure Cancel




SROC curve, points scaled by their
Inverse standard error
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Problems with the Moses-Littenberg
SROC method

Poor estimation
Tends to underestimate test accuracy due to zero-cell
corrections and bias in weights

Validity of significance tests

Sampling variability in individual studies not properly taken
Into account

P-values and confidence intervals erroneous

Operating points

knowing average sensitivity/specificity is important but
cannot be obtained
Sensitivity for a given specificity can be estimated




Advanced models —
HSROC and Bivariate methods

Hierarchical / multi-level

allows for both within and between study variability, and
within study correlations between diseased and non-
diseased groups

Logistic

correctly models sampling uncertainty in the true positive
proportion and the false positive proportion

no zero cell adjustments needed
Random effects
allows for heterogeneity between studies

Regression models
used to investigate sources of heterogeneity
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Hierarchical SROC model
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Bivariate model

1 —
specificity
P
=
‘N D
C
)
0p)
O —
| |
1 5

Specificity

&+



Summary points or SROC curves?

Clinical interpretation

Need to estimate performance at a threshold, using
sensitivity, specificity or/and likelihood ratios

Single threshold or mixed thresholds?

Summary curve describes how test performance varies
across thresholds. Studies do not need to report a
common threshold to contribute.

Summary point must relate to a particular threshold.
Only studies reporting a common threshold can be
combined.



RevMan 5: analyses




Comparative analyses

Indirect comparisons

Different tests used in different studies

Potentially confounded by other differences between the
studies

Direct comparisons
Patients receive both tests or randomized to tests
Differences in accuracy more attributable to the tests

Few studies may be available and may not be
representative
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Example of pilot Cochrane Review
Down’ Syndrome screening review

Studies Participants
1st trimester - NT alone 10 79,412
1st trimester - NT and serology 22 222,171

2nd trimester - triple test (serology) 19 72,797
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Indirect comparison NT alone
Sensitivity: 72% (63%-79%)
Specificity: 94% (91% -96%)
DOR: 39 (26-60)

NT with serology

Sensitivity: 86% (82%-90%)

Specificity: 95% (93%-96%)
DOR: 110 (84-143)

RDOR: 2.8 (1.7-4.6),
p <0.0001

Triple test

Sensitivity: 82% (76%-86%)

Specificity: 83% (77%-87%)
DOR: 21 (15-30)

RDOR: 0.5 (0.3-0.9),
p =0.03
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DIRECT COMPARISONS

NT alone

Sensitivity: 71% (59%-82%)

Specificity: 95% (91%-98%)
DOR: 41 (16-67)

NT with serology

Sensitivity: 85% (77%-93%)

Specificity: 96% (93%-98%)
DOR: 123 (40-206)

Triple test

No paired studies available



Summary

Bivariate nature of the data requires a
different approach to traditional meta-

analysis

SROC approach useful for preliminary
analyses

Advanced methods required for making
formal inference



