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2.1  Introduction

Evidence based medicine is defined as using the 
best available evidence for everyday clinical prac-
tice [1–3]. Synthetic literature including system-
atic reviews and meta-analyses plays an important 
role in evidence based medicine. Essentially sys-
tematic reviews and meta- analyses are the corner-
stone of evidence based practice. The main 
difference between a systematic review and a nar-
rative review is the clear method of the former 
including a clear search and predefined inclusion 
criteria. The methodology of systematic reviews 
makes them reproducible which is not the case in 
narrative reviews [1–3]. The number of systematic 
reviews and meta-analyses on nuclear medicine 
diagnostic and prognostic studies is increasing [4, 

5]. In the current chapter, a practical guideline has 
been prepared for the researchers who intend to 
perform a systematic review or meta-analysis of 
diagnostic and prognostic studies.

2.2  A Clear Topic for Systematic 
Review: Formulating 
the Question

The single most important step in preparing a 
systematic review is to have a clear topic. The 
topic is usually divided into several aspects 
including: patients (the population of the study), 
intervention (the diagnostic test under study or a 
prognostic factor which is being evaluated), com-
parison (the procedures comparative to the index 
test), outcome (the outcome which is going to be 
evaluated which are usually sensitivity and speci-
ficity for diagnostic studies and overall survival 
(OR) and progression free survival (PFS) in 
prognostic ones).

The abovementioned method is called 
patients-intervention-comparison-outcome 
(PICO) [6, 7]. The search strategy for systematic 
reviews is based on the PICO question.

Here are two examples:

 1. How does positron emission tomography 
(PET) [Intervention] work for detection of 
recurrence [Outcome] in endometrial carci-
noma [Patients]?
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 2. What is the prognostic significance of PET 
[Intervention] for predicting survival 
[Outcome] in renal cell carcinoma [Patients]?

2.3  Which Articles Should 
Be Included? Search 
Strategy, Inclusion 
and Exclusion Criteria

Search strategy is based on our PICO question. 
The keywords and databases which are used for 
searching should minimize the chance of miss-
ing any relevant article. Using Boolean opera-
tors (i.e., AND, OR, NOT) is highly 
recommended. This makes your search as sensi-
tive as possible.

For example for the abovementioned PICO 
questions the following keywords seem to be 
optimal:

 1. (PET OR “Positron Emission Tomography”) 
AND (endometrial OR endometrium OR uter-
ine) AND recurrence.

 2. (PET OR “Positron Emission Tomography”) 
AND (RCC OR “renal cell carcinoma” OR 
kidney).

At least two databases should be included 
in the search strategy. PubMed/Medline and 
SCOPUS (or EMBASE) are two main sources 
for any systematic review.

The inclusion and exclusion criteria should 
be as clear as possible too. The following fac-
tors should be considered to set useful inclu-
sion criteria:
(a)  Standard of reference: Included studies 

should describe the reference or gold 
standard with which the diagnostic test is 
compared.

(b)  Outcome data: Enough information 
should be available to reconstruct a 2 × 2 
diagnostic table or prognostic factors 
(such as hazard ratio (HR)) of each 
study.

(c)  Language and time limit: Preferably no 
language or time limit should be 
imposed.

For example for the abovementioned PICO 
questions, the following inclusion criteria can 
be set:

 1. All studies which compared PET with con-
ventional imaging for detection of recurrence 
in endometrial cancer.

 2. All studies which evaluated the prognostic 
significance of PET factors (SUVmax, 
SUVmean, etc.) in survival (OS or PFS) of 
renal cell carcinoma patients.

Full texts of all relevant studies should be 
retrieved. The reference of primary studies and 
all relevant reviews should be checked to search 
for additional primary studies that could have 
been missed (backward searching of the cita-
tions). In addition, articles citing the relevant 
included articles can be used to find any other 
missing articles (forward searching of the cita-
tions). The citing articles can be found easily 
using Google Scholar (https://scholar.google.
com/), SCOPUS, or Dimensions (a free newly 
launched application with many useful options: 
https://app.dimensions.ai/discover/publication).

Remember to keep the records of all the 
searches, as well as included and excluded 
studies.

2.4  Quality Assessment 
of the Included Studies

Not all included studies are of same quality. 
Quality of each study should be checked and 
reported. Several checklists are available for 
diagnostic studies [8, 9].

Two of the most commonly used checklists 
are:

 1. Oxford Center for Evidence Based Medicine 
worksheet for diagnostic studies (available at 
https://www.cebm.net/wp-content/uploads/ 
2018/11/Diagnostic-Accuracy-Studies.pdf).

 2. Quality Assessment of Diagnostic Accuracy 
Studies-2 (QUADAS-2) [10]. QUADAS-2 is 
the revised, 2011 version of the 2003 
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QUADAS and consists of four dimensions 
(patient selection, index test, reference stan-
dard, and finally, flow and timing), the first 
three of which require an answer among the 
three available responses (yes/high, no/low, 
and unclear).

Several checklists are also available for prog-
nostic studies [11].

Two of the most commonly used checklists 
are:

 1. Oxford Center for Evidence Based Medicine 
worksheet for prognostic studies (available at 
https://www.cebm.net/wp-content/uploads/ 
2018/11/Prognosis.pdf).

 2. QUIPS tool (quality in prognostic factor stud-
ies) [12]. QUIPS has several domains (study 
participation, study attrition, prognostic factor 
measurement, outcome measurement, adjust-
ment for other prognostic factors, and statisti-
cal analysis). Risk of bias in each domain 
should be rated as high or low.

Checklists are usually equivalent to each 
other; however, each domain or dimension for all 
included studies should be explained in detail to 
give the reader of systematic reviews a clue 
regarding the quality of the included studies. 
Reporting only based on numbers (quality scores) 
should be discouraged.

2.5  Data Extraction

All relevant data should be extracted from the 
included studies. Detailed information regard-
ing the study population, method of the diag-
nostic or prognostic test, gold standard test, 
follow-up times, methods of ascertaining out-
comes, outcome variables such as false and true 
negative (FN, TN), false and true positive (FP, 
TP) cases for diagnostic studies, and hazard 
ratios (HR) for OS and PFS for prognostic stud-
ies should be extracted. Extraction of data 
should be as complete as possible to allow 
reconstruction of 2 × 2 diagnostic tables or HR 
of prognostic factors as well as sub-group anal-
yses [11, 13, 14].

Extraction of data in prognostic studies can be 
very tricky: not all studies reported HR, and only 
Kaplan Meier (KM) curves and associated log 
rank tests are usually reported. HR can be 
extracted from KM curves. Usually the survival 
data can be extracted manually from KM curves 
using special software such as getdata graph digi-
tizer (available at http://getdata-graph-digitizer.
com/download.php). Finally the extracted sur-
vival data can be converted to HR by Parmar 
method using a special Excel file provided by 
Parmar et al. [15].

Another important aspect of extraction data in 
prognostic systematic reviews is type of prognos-
tic factor (quantitative vs. qualitative factors) and 
evaluation of other prognostic factors (multivari-
ate vs. univariate analysis). HR of quantitative 
variables (such as SUVmax) can be provided in 
two ways: first, the prognostic factor can be used 
as a quantitative variable and a HR using Cox 
regression is provided. The second type of HR 
can be calculated by categorizing a quantitative 
variable into two ranks (for example, SUVmax 
>7 and ≤7). These two types of HR cannot be 
pooled with each other even for a same prognos-
tic factor. In addition, only univariate or multi-
variate HR should be used for pooling data across 
studies. Pooling univariate HR with a multivari-
ate HR is discouraged as the latter (but not the 
former) takes into account other potential prog-
nostic factors.

2.6  Pooling Diagnostic Indices 
Across Studies 
and Reporting 
Heterogeneity

In this final step, the numerical results of the 
included studies would be pooled together. First 
of all, diagnostic or prognostic indices of each 
included study should be presented.

The following diagnostic indices should be 
reported:

 – Sensitivity = TP/(TP + FN)
 – Specificity = TN/(TN + FP)
 – Positive likelihood ratio (LR+) =  sensitivity/

(1 − specificity)
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 – Negative likelihood ratio (LR−) = (1 − sensi-
tivity)/specificity

 – Diagnostic odds ratio (DOR) = LR−/LR+

The following prognostic indices should be 
reported:

 – Log rank test and p-value of each prognostic 
factor (only available for categorical 
variables).

 – Hazard ratios (HR) for prognostic factors.
 – Univariate and multivariate HR (if available) 

should be reported. In addition, for quantita-
tive variables HR for the quantitative variable 
as well as HR for categorized variable (if 
available) should be reported (see the previous 
section for more information).

Meta-analysis is a special statistical method 
for pooling data across different studies and giv-
ing pooled diagnostic indices. For this purpose, a 
weight is attributed to each study and the 
weighted diagnostic indices are pooled together. 
Special software are available for this purpose, 
including SAS, R, and STATA.

For diagnostic studies, two free software are 
available:

 1. OpenMeta [Analyst] is a free software for 
meta-analysis of diagnostic studies. This soft-
ware is available online at http://www.cebm.
brown.edu/openmeta/downloads/OpenMeta-
analyst_Windows.zip [16].

 2. Meta-Disc is another free software which has 
been specially designed for diagnostic studies. 
This soft’ware is available online at https://
download. f reedownloadmanager.org/
Windows-PC/Meta-DiSc/FREE-1.4.html [17].

For prognostic studies, usually hazard ratios 
should be pooled across included studies. Several 
software are available in this regard, such as R, 
SAS, and Comprehensive Meta-Analysis (CMA).

The least required data to be provided in a 
meta-analysis are:

 1. Pooled indices: They can be perfectly reported 
by forest plots which give all included studies 
as well as the pooled data in one view.

 2. Pooling method: We recommend random 
effects model for pooling studies as fixed 
model would not account for heterogeneity 
among included studies [18].

 3. Heterogeneity: Included studies of a system-
atic review are different from each other on 
several accounts such as studied population, 
methodology of the diagnostic tests or prog-
nostic factors, etc. Several factors contribute 
to the heterogeneity among studies: sampling 
error of the individual studies including true 
differences between included studies and 
finally the threshold effect [19, 20]. Methods 
for undertaking analyses which account for 
both sensitivity and specificity, the relation-
ship between them, and the heterogeneity in 
test accuracy, require fitting hierarchical ran-
dom effects models [21]. To report heteroge-
neity for each meta-analysis, at least 
Cochrane Q value and its associated p-value 
and I squared should be reported. Several 
methods are available in order to address the 
heterogeneity across included studies such as 
sub- group analysis, meta-regression, and 
sensitivity analysis. The authors should use 
these methods to explain the underlying rea-
sons of heterogeneity across included 
studies.

 4. Threshold effect: A unique source of hetero-
geneity in meta-analysis of diagnostic studies 
is the threshold effect. Not all studies use the 
same cut-off value for a positive result. This 
can be due to an explicit cut-off point value or 
explicit human or instrumental factors. This 
should be addressed in all diagnostic meta- 
analyses. Although the summary receiver 
operating characteristic curve (SROC) method 
and reporting Q∗ have been used traditionally 
for evaluating the threshold effect in diagnos-
tic studies, the best way to report the possible 
effect of threshold effect is bivariate meta- 
analyses [22, 23]. In this method, correlation 
between specificity and sensitivity is used as a 
variable to correct the results of the meta- 
analyses for possible threshold effect. This 
method has been incorporated in the last ver-
sion of OpenMeta [Analyst] and can be easily 
reported. The traditional SROC method is no 
longer recommended.
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 5. Publication bias: Although there is substantial 
literature relating to publication bias in sys-
tematic reviews and meta-analyses of ran-
domized controlled trials, little research has 
been done in the context of systematic reviews 
and meta-analyses of diagnostic studies. 
However, publication bias can be visually pre-
sented by funnel plots and can be quantified 
by several methods such as Egger’s regression 
intercept or trim and fill method [24, 25].

2.7  Discussion and Conclusion 
of Systematic Reviews

The discussion and final conclusion of a system-
atic review and meta-analysis should be as objec-
tive as possible. The authors should discuss the 
main results of the systematic review and meta- 
analysis. Final conclusion should be based on the 
main results of the systematic review. Any het-
erogeneity of the included studies should be 
explained and the possible reasons should be 
discussed.

Standard method of reporting systematic 
reviews and meta-analyses Preferred Reporting 
Items for Systematic Reviews and Meta-
Analyses (PRISMA) provides a minimum 
requirement for reporting systematic reviews 
and meta-analyses [21, 26]. Although it is origi-
nally prepared for systematic reviews of ran-
domized clinical trials, systematic reviews of 
diagnostic accuracy studies can be reported 
using PRISMA too. PRISMA statement and 
checklist can be found in the following link: 
http://www.prisma-statement.org/.

2.8  Final Comment

To publish a high quality systematic review or 
meta-analysis of diagnostic test accuracy or 
prognostic studies, certain methodology should 
be followed. Only methodologically sound sys-
tematic reviews and meta-analyses are worth 
publication and can change or support clinical 
use of a diagnostic test or a prognostic factor. 
Hopefully, the abovementioned methodology 

could help the researchers through the process of 
systematic review and meta-analysis 
preparation.
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