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Chapter 9 

Abstract 

A new initiative to undertake individual patient data meta-analysis using the raw data from primary 

diagnostic accuracy studies is described. The limitations of conventional diagnostic accuracy studies and 

their reviews are contrasted with the advantages of successful individual patient data meta-analysis. 

Among other advantages, we highlight the opportunity to calculate directly clinically applicable disease 

probabilities corresponding with realistic chains of tests that make up most everyday diagnostic work-ups 

and the increase in the number of events of interest (disease). The latter increases the data-analytic 

flexibility a great deal when the target event is rare. 
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Individual Patient Data Meta-Analysis of Diagnostic Studies: Opportunities and Challenges 

Introduction 

We would like to obtain directly clinically applicable predictive probabilities that a woman has 

endometrial cancer based on the results of commonly used series of diagnostic tests. Clinical history items 

are included in the series. To obtain these estimates of probability, we intend to undertake individual-

patient-data meta-analysis (IPD-MA). Briefly, these post-test probabilities will be derived from logistic 

regression analyses of primary data. Thus taking into account both mutual dependencies between test 

results and the fact that the data stem from different studies. In this contribution, we explore the scope and 

limitations of IPD-MA in diagnostic research. 

IPD-MA may be defined as the calculation of an appropriate summary measure across primary empirical 

studies using the raw data collected during these primary studies. In practice, the major challenge is not so 

much analytical, but winning over the investigators, who carried out the primary or component studies to 

provide the meta-analysts with their raw data. In this respect, mutual trust and esteem, and publication as a 

collaborative group are the key issues. Why - in principle - should meta-analysis on the basis of IPD-MA 

be more valuable than meta-analysis based on data from published papers? The following reasons can be 

identified for meta-analysis of randomised trials. First, in as far as the publications may lack full 

description of important details present in the study protocols, access to the protocol enhances judgments 

about the exact study methods that were used. These insights may well have consequences for the meta

analysis. Second, the raw data enable the meta-analysts to perform standardized consistency checks on 

aspects of the data that (some of) the primary investigators may have omitted. Third, possibly unnecessary 

omissions of certain patients from the published analyses may be corrected, thus minimizing the risk of 

selection bias, and improving the adherence to the intention-to-treat principle, in particular. Fourth, 

different data-analytic approaches between the primary studies, which often hamper the calculation of 

meta-analytic summary measures based on published work, can be overcome. For example, uniform cut 

points for confounding variables and/or outcome phenomena may be chosen l". Other examples include 

the option to perform time-to-event analyses and greater flexibility to carry out subgroup analyses. These 

issues have been known at least since 1995. 

Let us now turn to diagnostic research to explore the extent to which the above-mentioned advantages of 

IPD-MA might apply to diagnostic research. 

Diagnostic accuracy studies: their scope and their limitations 

Over the past decades, in chapters devoted to diagnosis, textbooks of clinical epidemiology typically dealt 

with the concepts of sensitivity and specificity, selling these as constants of nature. In addition, the two-

by-two contingency tables feature importantly, although in clinical practice most tests have (many) more 

than two possible test results. A realistic diagnostic work-up consisting of a chain of inter-linked items 

derived from demographics, pieces of the clinical history and physical examination, and possibly tests 
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Chapter 9 

(laboratory, imaging and other technology) was reduced - with just about Procrustean methods - to a two-

by-two table problem! This then served as a starting point for sometimes high-level statistical 

manipulations of what are in essence unrealistic data. In the 1980s and 1990s the likelihood ratio (LR) too 

gained popularity in textbooks and journal reports, but in today's practice we know hardly any clinicians 

that understand these statistics, let alone use them in their clinical work. Those clinicians that have studied 

the LRs usually memorize their formulas in terms of (1 minus) sensitivity and (1 minus) specificity, thus 

almost nullifying any potential advantages. Luckily, perhaps to these clinicians' relief- and mass 

screening aside - these summary measures for test accuracy are likely to be invalid when used in series of 

tests as is by far the commonest situation in clinical practice. The calculation with a reasonable degree of 

precision of the so-called conditional LRs taking into account the common situation that a particular result 

on the first diagnostic test changes the probabilities of the results on the ensuing tests requires very large 

study populations and is generally considered infeasible4. By contrast, in the more statistically oriented 

literature, the advantages of tackling diagnostic problems in a logistic regression framework were 

highlighted at least as early as 1976 5 and reiterated more recently by Miettinen et al.6;7 These models 

allow a direct estimation of the post-test (-chain) disease probabilities or 'predictive' values that the 

clinician wants, making any preoccupation with Bayes' Rule or Fagan's nomogram, or even the estimated 

odds ratios from the model, unnecessary. 

Investigators conducting systematic reviews of diagnostic accuracy studies generally face huge problems 

to judge basic (validity) aspects of the underlying studies. Deeks stated that"[...] meta-analyses of 

diagnostic test accuracy studies are hindered by a lack of appreciation and knowledge of the important 

aspects of study design, poor standards of reporting, and publication bias."8 Obviously, all sophisticated 

techniques such as meta analysis and meta-regression ultimately rely on validity of study methods. Other 

statistical advances, such as summary receiver operating characteristics curves are not interpretable easily. 

The second column of table 1 summarizes the issues around diagnostic test accuracy studies that we 

discussed in this section. 

Individual patient data meta-analysis of diagnostic studies: its scope and its limitations 

Our work - both primary and review - on the diagnosis of endometrial cancer in women who present with 

vaginal blood loss prompted us to explore the idea of IPD-MA in diagnostic research. The third column in 

the table summarizes the issues that we discuss in more detail below. 

Similar to IPD-MA of randomised trials, for diagnostic studies too, access to study protocols and primary 

investigators in a collaborative setting is likely to improve insight in the true study procedures. Since the 

numbers of cases with endometrial cancer proved to be low in our own databases, we were limited in our 

statistical modeling options that require between 5 and 10 cancer cases for each variable in the model.9'10 

Obviously, IPD helps to fix this since the pooled absolute number of cancer cases in the raw data files 

from numerous studies will be much greater. 
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Individual Patient Data Meta-Analysis of Diagnostic Studies: Opportunities and Challenges 

Table 1: Distinctions between meta-analysis based on publications and meta-analysis based on individual 

patient data, in which raw data obtained from the primary investigators is used. 

Meta-analysis based on published papers Individual-patient-data meta-analysis 

Relatively unproblemalic applications or areas / Opportunities 

Single test situations (mass screening) Access to study protocols 
Multiple tests that focus on aspects of the target condition More occurrences of the target events extending the 
that are truly independent pathophysiological^ (this should mathematical modeling options (e.g. interactions between tests) 
never be or not be assumed lightly) 

Summary measure is a (set of) diagnostic function(s) that allow 
easy translation into the clinically useful probability of disease 
given all test results 
Determination of optimal test sequence 
Given some data on utility judgments and/or costs, formal 
decision analysis may be performed (using log-linear models to 
estimate absolute frequencies of test results) 

Relatively problematic areas 

Multiple tests used in diagnostic work-up and (statistical) Establish collaborations ensuring access to the bulk of primary 
dependence between test results likely data 
Important details lacking in primary papers Primary investigators did not collect data on test results of all 
Same technology tested at different device settings (e.g. the tests commonly used in the work-up 
image resolution, angle, etc) Same technology tested at different device settings (e.g. image 
Summary measures (dOR, sROC) difficult to apply in resolution, angle, etc) 
clinical practice Missing data on some test results or the reference standard 
Few occurrences of the target condition 

Current and potential future developments 

Standards for Reporting of Diagnostic Accuracy (STARD) Stimulus to primary investigators to coordinate research 
initiative ! activities (cf. Prospective Meta-Analysis)* 
Quality Assessment of Diagnostic Accuracy Studies Handling of missing values 
(QUADAS)$ Reporting formats for optimal use in different settings 

1 See main text for more detailed explanation 
; See wuwxonsort-sialemcnt.onz (further Initiatives). Although these initiatives target reporting of diagnostic accuracy studies, in time an effect on the actual conduct 

of studies is expected 
s An initiative by the NHS Centre for Reviews and Dissemination in York (UK) and the Dept. Biostatistics and Clinical Epidemiology in Amsterdam (Netherlands) 

See wv,-v..cochrane.de Cochrane nma.htm 

A perhaps unexpected but pleasant feature of the logistic model is that it supplies us with the very 

quantities clinicians are after, namely the probability of disease presence given a sequence of test results. 

Unlike its application in etiologic research, the investigator should not focus on the separate odds ratios 

for the different test categories, but instead focus on the distribution of the disease probabilities directly. 

The theoretically optimal and clinically most attractive result is the correct assignment - after all test 

results are known - of either a disease probability of 1 or 0 to each patient suspected of the target disease. 

In reality, of course many results between these extremes are observed. Statistical software now exists that 

has the ability to calculate so-called random-effects logistic regression analyses, which take into account 

the fact that the data are clustered within the various primary studies. This principle of leaving the primary 
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studies intact is also observed in meta-analysis of randomised trials. The ideal situation in which all 

patients underwent all tests in the chain of tests making up a complete work-up allows the determination 

of the optimal sequence of tests. With additional data on cost and (patient) utilities the conduct of formal 

cost-utility analyses is feasible if some estimations about the frequency of different test results are made. 

All methods have their drawbacks and limitations, so let us consider what they are in the case of 

diagnostic IPD-MA. First, IPD-MA heavily relies on capturing the bulk of the available valid data. Since 

members of our team performed extensive literature-based reviews without language restrictions, of 

diagnostic studies for endometrial cancer "1 2 , we probably have a fairly good idea about sources of 

primary research. A conventional MA is probably a good starting point for any IPD-MA. If the meta

analysis do not succeed to obtain the large majority of valid studies, some of the data-analytic advantages 

may disappear, depending partly on how selective data are 'missing'. Good judgments about the latter 

aspect are often difficult to make. Another important point is the amount of detail to be expected in the 

primary studies. 

Perhaps the most fundamental assumption in the proposed IPD-MA is that it captures patient-specific data 

on more than one test making up a realistic work-up. It may well be that some data files contain 

information on one test only, but hopes are high that many primary investigators collected data on 

demographics, clinical history and, perhaps, other tests. We know of at least 30 such studies from our 

review work. Third, to assume that all test procedures sailing under the same flag are truly the same 

procedure technically is hazardous. IPD meta-analysts would be in an ideal position to analyse potential 

differences in diagnostic power associated with specific characteristics of a particular procedure possibly 

suggesting the best way to carry out the procedure. For example, endometrial ultrasound may be reported 

with features like thickness, regularity or fluid. Finally, even if all the tests in a realistic test chain have 

been performed in all women in principle, missing data may still be a problem if, for some reason, in too 

many women some tests were omitted. In this respect, missing data on the final diagnosis are of special 

concern. 

The future of prospective IPD-meta-analysis 

An important spin-off associated with international collaboration in an IPD-MA context may be concerted 

planning of new research efforts. Such planning of new projects in consultation with the collaboration may 

lead to ways of data collection that greatly facilitates later IPD analyses. Second, some statistical issues 

warrant further research, such as the proper handling of missing data in diagnostic IPD. Input from 

statisticians is necessary. A final, but important issue is the development of easy-to-use reporting formats 

for end-users in daily practice. One may think of hand-held calculators that hide the mathematical model 

and only require the input of simple numbers depending on the nature of a test result '3. In simple cases, a 

table displaying the post-test probabilities and their confidence intervals for specific combinations of test 

results may all that is needed (see for example, table 2). The future may hold better options still. 
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Table 2: Shows probability estimations of a multivariable regression model using patient history (age and 

hormone replacement therapy use) plus ultrasonography and hysteroscopy. Data for this analysis were 

obtained from 4 studies including 591 patients. Probabilities were estimated using a random effects 

logistic regression model. 

Patient profile 

Age (years) HRT* Ultrasound < 5 mm 

Hysteroscopy Negative 

Ultrasound and Hysteroscopy 

> 5 mm < 5 mm 

Negative Positive 

> 5 mm 

Positive 

Estimated Probability 

<50 

>50 

>60 

>70 

>80 

<50 

>50 

>60 

>70 

>80 

All Patients 

yes 

yes 

yes 

yes 

yes 

no 

no 

no 

no 

no 

0.2% (0.04-1%) 0.4% (0.1-1.6%) 3.2% (0.6-14.9%) 5.8% (1.4-21.0%) 

0.4% (0.1-1.6%) 0.7% (0.2-2.8%) 5.8% (1.3-21.7%) 10.1% (2.9-29.9%) 

0.7% (0.2-2.6%) 1.2% (0.3-4.7%) 10.0% (2.5-32.7%) 17.1% (5.2-43.3%) 

1.2% (0.3-5.4%) 2.2% (0.5-9.3%) 16.9% (4.2^18.6%) 27.2% (8.2-60.9%) 

2.2% (0.4-11.1%) 4.0% (0.7-18.6%) 27.1% (6.4-70.0%) 40.6% (11.8-77.7%) 

1.1% (0.4-3.5%) 2.0% (0.7-5.6%) 15.7% (4.7-41.3%) 25.5% (10.0-51.3%) 

2.0% (0.8-4.9%) 3.7% (1.7-7.8%) 25.5% (10.5-50.0%) 38.5% (20.8-59.9%) 

3.7% (1.7-7.5%) 6.5% (3.0-13.6%) 38.4% (19.7-61.4%) 53.4% (35.0-70.9%) 

6.5% (3.3-12.4%) 11.3% (5.2-22.6%) 53.3% (30.4-74.9%) 67.7% (47.3-83.0%) 

11.2% (4.3-26.4%) 18.9% (7.2-41.1%) 18.9% (7.2-41.1%) 79.3% (56.3-91.9%) 

2.7% (1.3-5.3%) 3.7% (1.9-7.0%) 34.5% (17.9-56.0%) 42.7% (27.5-59.3%) 

* HRT = Hormone Replacement Therapy 

Conclusion 

Meta-analysis using data from individual patients do not exist yet. However, there is a clear need to 

explore it when - in a realistic test chain - many tests are used to arrive at a diagnosis. The main challenge 

lies in the successful establishment of an international collaborative group centred round a common 

diagnostic work-up. Once this has been achieved and primary data aggregated in a unique database, 

analyses resulting in a diagnostic function are fairly straightforward. The end result is a probability 

estimate of disease presence for each possible combination of test results ready for use in daily practice 

and updated on the basis of new data from collaboratively discussed new research. 

References 

1. Clarke MJ, Stewart LA. Meta-analyses using individual patient data. JEval Clin Pract. 1997;3:207-
12. 

2. Stewart LA, Clarke MJ. Practical methodology of meta-analyses (overviews) using updated 
individual patient data. Cochrane Working Group. Stat Med 1995;14:2057-79. 

129 



Chapter 9 

3. Clarke MJ, Stewart LA. Obtaining individual patient data from randomised controlled trials. In 
Egger M, Davey Smith G, Altman DG, eds. Systematic Reviews in Health Care Meta-analysis in 
context, pp 109-21. BMJ Publishing Group, 2001. 

4. ter Riet G, Kessels AGH, Bachmann LM. Systematic reviews of evaluations of diagnostic and 
screening tests - Two issues were simplified. Br A/ed./2001;323:1188. 

5. Dawid AP. Properties of diagnostic data distributions. Biometrics 1 976;32:647-58. 

6. Miettinen OS, Henschke CI, Yankelevitz DF. Evaluation of diagnostic imaging tests: diagnostic 
probability estimation. J Clin Epidemiol 1998;51:1293-8. 

7. Miettinen OS, Caro JJ. Foundations of medical diagnosis: what actually are the parameters involved 
in Bayes' theorem? Stat Med 1994;13:201-9. 

8. Deeks JJ. Systematic reviews of evaluation of diagnostic and screening tests. In Egger M, Davey 
Smith G, Altman DG, eds. Systematic Reviews in Health Care Meta-analysis in context, p 279. BMJ 
Publishing Group, 2001. 

9. Harrell FE Jr., Lee KL, Pollock BG. Regression models in clinical studies: determining relationships 
between predictors and response. J Natl Cancer Inst. 1988;80:1198-202. 

10. Steyerberg EW, Harrell FE, Jr., Borsboom GJ, Eijkemans MJ, Vergouwe Y, Habbema JD. Internal 
validation of predictive models: efficiency of some procedures for logistic regression analysis. J 
Clin Epidemiol 2001;54:774-81. 

11. Clark TJ, Voit D, Gupta JK, Hyde C, Song F, Khan KS. Accuracy of hysteroscopy in the diagnosis 
of endometrial cancer and hyperplasia: a systematic quantitative review. JAMA. 2002 Oct 
2;288(13):1610-21 

12. Gupta J, Chien P, Voit D, Clark TJ, Khan K. Ultrasonographic endometrial thickness for diagnosing 
endometrial pathology in women with postmenopausal bleeding: a meta-analysis.PG -. Acta Obstet 
Gynecol Scand 2002 ;81. 

13. Pozen MW, DAgostino RB, Selker HP, Sytkowski PA, Hood WB, Jr. A predictive instrument to 
improve coronary-care-unit admission practices in acute ischemic heart disease. A prospective 
multicenter clinical. NEngUMed 1984;310:1273-8. 

130 


