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Introduction

Evidence synthesis has a long history. While recognising 
that the methods of evidence-based disciplines are 
exchangeable, it should likewise be acknowledged that 
various areas of application hold on distinct methodological 
tasks (1). Synthesising results across studies to recognise 
the causes of variation in outcomes and to reach an overall 
understanding of a problem is a crucial part of the scientific 
method. Until in recent times, the results of scientific 
findings have been summarised in narrative reviews where 
the summary of transparent and objective results have 
become increasingly difficult. Systematic reviews and 
meta-analyses, conducted by subsequent strict protocols to 
guarantee reproducibility and decrease bias, have become 
more common in the synthesis of evidence. Systematic 
reviews of randomised controlled trials (RCT) is usually 
judged the highest level of evidence for the comparative 
efficacy of interventions. Systematic reviews could be 
combined with meta-analysis to examine the reasons of 

difference among effect sizes (study outcomes) and to 
evaluate the magnitude of the outcome throughout critical 
primary studies. Meta-analysis is a statistical method for 
quantitatively synthesising similar studies from a systematic 
review (2).

On the contrary, narrative reviews helped investigate 
the development of particular projects and for advancing 
conceptual frameworks (3). A precise pyramid in clinical 
evidence has been agreed upon, basic science experiments, 
case series, cross-sectional studies, case-control studies, 
cohort studies, and RCT. This pyramid of primary research 
is directly reflected by grading in evidence synthesis 
(secondary research), with qualitative reviews, systematic 
reviews, meta-analysis (Figure 1). An additional level of 
research (tertiary research) comprises umbrella reviews, 
overviews of reviews, and meta-epidemiologic studies 
(4). Systematic reviews and meta-analysis of RCT are the 
highest levels of evidence. However, systematic reviews 
and meta-analysis are two methods under the more 
comprehensive evidence synthesis (Figure 2) (5).

Review Article on Early Stage Lung Cancer: Sublobar Resections are a Choice?

The synthesis of scientific shreds of evidence: a critical appraisal 
on systematic review and meta-analysis methodology

Luca Bertolaccini1, Lorenzo Spaggiari1,2 

1Department of Thoracic Surgery, IEO, European Institute of Oncology IRCCS, Milan, Italy; 2Department of Oncology and Hemato-Oncology, 

University of Milan, Milan, Italy

Contributions: (I) Conception and design: L Bertolaccini; (II) Administrative support: L Spaggiari; (III) Provision of study materials or patients: L 

Bertolaccini; (IV) Collection and assembly of data: L Bertolaccini; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All 

authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Luca Bertolaccini, MD, PhD, FCCP. Division of Thoracic Surgery, IEO, European Institute of Oncology IRCCS, Via Ripamonti 

435-20141 Milan, Italy. Email: luca.bertolaccini@gmail.com. 

Abstract: Synthesising results across studies to recognise the causes of variation in outcomes and to reach 
an overall understanding of a problem is a crucial part of the scientific method. Until in recent times, the 
results of scientific findings have been summarised in narrative reviews where the summary of transparent 
and objective results have become increasingly difficult. Systematic reviews and meta-analyses, conducted by 
subsequent strict protocols to guarantee reproducibility and decrease bias, have become more common in 
the synthesis of evidence.

Keywords: Lung cancer; meta-analysis; methodology; systematic review

Submitted Jan 10, 2020. Accepted for publication Feb 17, 2020.

doi: 10.21037/jtd.2020.03.07

View this article at: http://dx.doi.org/10.21037/jtd.2020.03.07

3403

https://crossmark.crossref.org/dialog/?doi=10.21037/jtd.2020.03.07


3400 Bertolaccini and Spaggiari. Critical appraisal on SR and MA methodology

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2020;12(6):3399-3403 | http://dx.doi.org/10.21037/jtd.2020.03.07

Systematic review

The systematic reviews process involves the utilisation of 
strict methodological guidelines for the literature search, 
study screening (as well as critical appraisal of eligible 
studies matching pre-defined criteria), data extraction, and 
coding. Software, protocols and reporting guidelines for 
systematic reviews and meta-analysis are well established. 
Preferred Reporting Items for systematic reviews and 
meta-analysis (PRISMA) is an evidence-based minimum 

set of items for reporting in systematic reviews and meta-
analysis (http://www.prisma-statement.org/). PRIMA 
includes a checklist of 27 items and a template flow chart 
for the presentation of an systematic reviews (the PRISMA 
flow diagram) (Figure 3) (3). The semantic properties are 
crucial during systematic reviews because the academic 
search engines ignore semantic connections between 
concepts. Therefore, synonyms could decrease search-term 
sensitivity by hampering the insertion of essential concepts. 
Homonyms cannot be immediately excluded from keyword-
based searches, but it could be avoided the problem with 
synonyms by identifying and including as additional search 
terms.

Further, the small-world property of semantic networks 
acts similarly to homonymy increasing the number of 
unrelated hits sent by search engines. Consequently, 
there will be some subjects not amenable to an efficient 
systematic review. As an alternative, manual sorting may be 
the only way to guarantee systematic inclusion of relevant 
information, although with the risk of fatigue-induced 
bias. Fortunately, some forms of existing data could 
be alternatives for semantic information in the article-
identification stage of the systematic reviews process. 
First, expert knowledge provides an excellent source of 
information on the relatedness of different concepts. 
Secondly, examining the citation lists of pertinent articles is 
a valuable technique for identifying articles needing search 
keywords. Lastly, innovative search engine algorithms 
seek to intended meanings in page searches, and, in 
future, the use of semantic information will increase (7). 
PICO is utilised to build a meaningful and clear question 
when searching for quantitative evidence. Searching for 
evidence is a three-step process: (I) exploratory search; (II) 
implement a checked search strategy within each selected 
database; (III) review the references of retrieved studies (8).  
Before beginning systematic review, it is essential to 
register the systematic reviews or meta-analysis in the 
International prospective register of systematic reviews 
(PROSPERO) to ensure that the review being planned 
has not previously been performed or is at this time being 
updated (https://www.crd.york.ac.uk/PROSPERO/). An 
excellent clinical question should have been formatted in 
a PICO model with four essential factors: (I) the patient 
or problem in question; (II) the intervention of interest; 
(III) the comparison; (IV) the outcomes of interest. The 
evaluation of multiple systematic reviews is utilised for the 
assessment of the methodological quality of systematic 
reviews (Table 1) (9).

Figure 1 Evidence hierarchy of primary and secondary research.

Figure 2 The relationships between the evidence synthesis, 
systematic review and meta-analysis.
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Figure 3 The PRISMA flow diagram template for the presentation of a systematic review and/or meta-analysis (6). Numbers are only illustrative.
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Table 1 The assessment of multiple systematic reviews for evaluation of the methodological quality of the systematic review (9)

Evaluated items

Was an a priori design provided?

Was there a duplicate study selection and data extraction?

Was a comprehensive literature search performed?

Was the status of publication (e.g., grey literature) used as an inclusion criterion?

Was a list of studies provided (included and excluded)?

Were the characteristics of the included studies provided?

Was the scientific quality of the included studies assessed and documented?

Was the scientific quality of the included studies used appropriately in formulating conclusions?

Were the methods used to combine the findings of studies appropriate?

Was the likelihood of publication bias assessed?

Was the conflict of interest stated?
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Meta-analysis

Meta-analysis assesses the evidence for the efficiency 
of explicit interventions for a problem or hypothesised 
underlying associations for a condition in the small number 
of studies (<25) and reach broad generalisations across 
more significant numbers of study is differences in goals 
affect every step of the synthesis of research, from inclusion 
criteria of the study to the statistical methodologies. Meta-
analysis is utilised to combine evidence across studies 
(detection of effects), to assess their magnitudes and 
variation, and to analyse the components of influence 
(moderators or covariates). When the objective is to 
evaluate evidence for particular interventions, the aim of 
meta-analysis is principally on precisely assessing an overall 
mean effect and may involve identifying factors modifying 
the effect. Therefore, this meta-analysis must accurately and 
clearly define the population in question and subsequently, 
the results could only be applied to that population (3). 
Interpreting the results and drawing conclusions from 
meta-analysis should be taken with care. The conclusions 
should depend on the outcomes. The clinical utility of 
interventions can be better assumed if considered outcomes 
of effectiveness and safety (2). The inclusion of crossover 
trials into an meta-analysis has not been addressed with 
empirical data based on paired analysis (10). Odds ratios, 
relative risks, risk differences, could all be created from a 
binomial model. Odds ratios are frequently applied because 
of their statistical stability, even if caution should be done 
against free usage of odds ratios as risk estimators.

Nevertheless,  odds ratios and relative risks are 
comparable in uncommon events. Both odds ratios and 
relative risks ignore the duration of follow-up, and hazard 
ratios should be preferred (more reliable) in not regular 
follow-up (4). R can also be employed for meta-analyses, 
offering valuable tools for sensitivity analyses (11).

Limitations

The quality of synthesis differs on the quality of the 
included findings; therefore, the methodological quality of 
the selected studies must be evaluated before the inclusion. 
The evaluation and the reasons for the rejection must be 
reported in the manuscript. Due to limitation in tables and 
graphs in manuscripts, proper visual illustration (funnel 
plots) and statistical analyses of publication bias (Egger’s 
regression) are lacking (12). A key question guiding critical 

assessment is whether the selected research methods have 
been utilised probably with accurate results. A critical 
appraisal is a requirement for the transferability of the 
results (13). Systematic reviews and meta-analysis are 
statistical and scientific, not magical techniques. They 
could highlight areas where evidence is lacking, but they 
cannot surmount these weaknesses. Other challenges for 
meta-analysis and systematic reviews include research 
and publication bias, the over or underrepresentation of 
populations, which biased the view of the entirety. The use 
of statistically flawed approaches can lead to erroneous and 
misleading results. Regrettably, the term meta-analysis is 
often misused regardless of the rigour of the methodology. 
The term should be applied only to studies that use well-
established statistical procedures, such as weighting and 
heterogeneity analysis, appropriate effect-size calculation, 
and statistical models that distinguish the hierarchical 
structure of meta-analysis data, or to studies that develop 
rigorously justified methodological advances (3). Potentially 
relevant studies could be missing from an meta-analysis. 
Despite methodologists’ best efforts to locate all satisfactory 
evidence, the most comprehensive searches miss the so-
called grey literature (dissertations, conference abstract, 
book chapters, policy documents). However, the impact 
of grey literature on the meta-analysis conclusions has not 
been exhaustively explained (14). The best meta-analysis 
should always aim to present meaningful and clinically 
relevant analyses of the available data (15).

Conclusions

Creating robust, flexible ways to synthesise scientific 
evidence is an ongoing challenge to maximise the 
effectiveness of scientific investigation (3). The grading 
and the assessment of evidence are equally crucial so that 
stakeholders could make well-informed decisions (5). The 
highest level of evidence can be derived from systematic 
reviews and meta-analyses. However, poorly or inadequately 
constructed studies could give incorrect results and fail to 
inform clinical practice.
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