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Introduction

Every year, hundreds of thousands of research articles are published in the biomedical literature, making it near
impossible for clinicians, policy makers and patients to stay abreast of the latest healthcare developments. There
is therefore, a clear need for summaries of research to advise clinical practice and policy, inform patient choice

and guide new research.

Traditional reviews are common in the medical literature, but can be problematic for summarising research
findings. They are usually narrative, which can make it difficult to make sense of studies with conflicting
results. Also, they often lack clear aims and transparent methodology, which can prevent others being able to
reproduce or interpret their findings. They are commonly restricted to a particular group of studies, which may
or may not be representative of the whole body of evidence. Moreover, they frequently present the opinion of
individual authors, who, even with the best intentions, may not be wholly objective. Systematic reviews, in
contrast (Table 1), aim to comprehensively identify and objectively appraise and collate all research studies
relating to a specific research question, using explicit methodology. The methods used aim to minimise bias(1)

and therefore, provide reliable findings, upon which decisions can be made.

Importantly, the objectives of the review and the nature of the trials to be included or excluded are well defined,
to mimimise the risk of basing the review on a selected group of trials (Table 1). The objectives and eligibility
criteria are underpinned by a comprehensive search strategy to ensure that all the relevant studies are identified.
Data from the eligible studies are then extracted in a consistent way to enable an assessment of the quality of
each study to be made, and the results to be synthesized. Quantitative synthesis, in the form of a meta-analysis,
aids interpretation of the results and informs the conclusions of the review. The methods relating to all of these
systematic review features should be clearly set out, in advance, in a protocol or other plan(2), so that they are
not unduly influenced by the results of the trials. Moreover, provided the protocol is made publicly available,
this also allows others to appraise or even reproduce the approach taken. Finally, the review methods,
characteristics and results of each trial, and the results and interpretation of the review are presented or reported
in a structured and consistent way, ideally adhering to the Preferred Reporting Items for Systematic review and

Meta-Analysis (PRISMA) guidelines(3, 4).

Where new treatments only offer modest improvements in outcome compared to an existing standard, many
trials lack power to detect such effects. This may be, for example, because trial sample size calculations

assumed larger treatment effects, or simply because recruitment fell short of targets, but means that inconclusive



or equivocal study results are relatively common, particularly in oncology. Hence, most systematic reviews
include a meta-analysis, to quantitatively combine the results of included studies and obtain an overall estimate
of the treatment effect, based on all relevant trials. As a meta-analysis is based on more participants than any of
the individual trials, it provides greater power to establish whether a treatment effect exists, and greater
confidence in any estimate of effect. A meta-analysis carried out within the context of a good quality systematic
review will together represent the most complete and reliable summary of the evidence available. Conversely, a
meta-analysis that is not completed as part of a systematic review may encounter the sorts of problems that

commonly affect traditional reviews (Table 1).

Traditional review Systematic review
Protocol No Yes
Research objective Unclear, non-specific Specific objective based on patients, interventions

comparisons, outcomes and study type (PICOS)

Eligibility criteria Unclear, not specified or Explicit inclusion and exclusion criteria based on
for studies selective patients, interventions comparisons, outcomes and
study type (PICQOS)

Search strategy Unclear, not specified or Systematic, multiple sources of studies and inclusive
limited

Evidence synthesis | Usually narrative qualitative | Usually quantitative (meta-analysis)

Conclusions Subjective and potentially More objective and reliable, based on results
biased or otherwise
unreliable

Reproducibility Difficult without transparent | Use of transparent methodology and clear reporting
methodology enables reproducibilty

Table 1: Traditional versus systematic reviews

Systematic reviews and meta-analyses typically make use of summary or aggregate data extracted from study
publications or obtained from trial investigators. However, there is also a long tradition in oncology of
conducting systematic reviews based on the central collection and re-analysis of the original individual
participant data (IPD)(5, 6). Notable examples occur in breast(7), colorectal(8), head and neck(9) and lung
cancer(10). Although the IPD approach can bring about substantial improvements to the data and analysis
quality, which can sometimes lead to disparate results(11-14), much of the methodology is equally applicable to

both types of data. Therefore, in this chapter, we will use examples of systematic reviews and meta-analysis



based on aggregate data and IPD to illustrate the key principles and provide an overview of the methods for

each.

Most commonly, systematic reviews and meta-analyses are used to investigate the effects of treatments or other
interventions on a particular disease or condition. Such reviews, which use evidence from randomised
controlled trials (RCTs)(15), have been widely used in oncology as well as other areas of medicine and the
methods used in their conduct are well established. However, when randomised evidence is lacking, systematic
reviews of other study designs (e.g. cohort or case control studies) can also provide evidence about treatment
efficacy, albeit that such reviews are not considered such a high level of evidence(16). Systematic reviews can
also be used to synthesise results of prognostic or diagnostic test accuracy studies, with methods for each being
developed accordingly(17-19). Largely irrespective of the nature of the research studies being synthesised, the
underlying principles of systematic review methodology hold. Therefore, although the focus of this chapter is on

systematic reviews of RCTs, much of it will be of relevance to systematic reviews of other study types.

It is now well recognised that systematic reviews are an optimal way to synthesise results of primary research
and in particular, to resolve or confirm uncertainty around the effects of interventions. Therefore, before
embarking on any review, it is worth establishing whether a pre-existing systematic review provides a
comprehensive, up-to-date and robust evaluation of the question posed or at least whether one is planned, to
avoid duplication of effort(20). Search strategies are available to locate reviews in the wider medical
literature(21). Additionally, the Cochrane Database of Systematic Reviews(22) and the International Prospective
Register of Systematic Reviews (PROSPERQ)(23), managed by the Centre for Reviews and Dissemination
(CRD), maintain searchable records and protocols of planned and ongoing systematic reviews. There may be of
course be merit in duplicating a systematic review, for example if a prior one is sub-standard, or where

substantial new information has become available.

Through the remainder of this chapter, using a variety of examples from the oncology literature, we will

describe the key features of a systematic review, namely:

»  Clear objectives and eligibility criteria

»  Search strategy to identify all relevant studies
»  Consistent data collection across studies

»  Assessment of study validity and risk of bias

»  Synthesis of study characteristics and results (meta-analysis)



»  Structured presentation of results

1. Defining the objective and eligibility criteria
First and foremost, a systematic review should have answerable and relevant objectives, which should provide a
clear, precise statement about the nature of the review. This is further qualified by detailed and specific criteria
that outline the studies that are to be included and excluded. Broad objectives and eligibility criteria can make
for a comprehensive review that is widely generalisable, but perhaps one that is too large, labour-intensive and
hard to manage. If the scope is too broad, trials addressing quite different clinical questions may be combined,
making interpretation difficult(15) or inappropriate. In contrast, a review with narrow objectives and eligibility
criteria, will likely include fewer trials and produce results that are easier to interpret and certainly more
manageable. However, the if the review comprises too few trials, there is a risk that the results will not reveal

much more than the results of any individual trial, or that they will have very limited applicability(15).

The compromise is to define objectives and eligibility criteria that are inclusive, but at the same time minimise,
as far as possible, the inevitable variability between studies, such as different treatment doses or scheduling,
different participants or different clinical settings. Trials that are sufficiently similar in design are more likely to
have comparable results, making review results easier to interpret and more meaningful. In particular, ensuring
that the interventions of interest are similar can help minimise potential statistical heterogeneity, which can
blight the interpretation of meta-analysis results. One way to tackle a systematic review that is broad in scope is
to subdivide it into a series of related narrower questions, to reduce inconsistencies and aid interpretation. For
example, a broad systematic review of the effects of adding chemotherapy to standard care in participants with
non-small cell lung cancer (NSCLC)(10), was subdivided into a series of reviews with narrower objectives.
These were defined by the type of standard treatment used, ranging from surgery and radical radiotherapy(24)
through to best supportive care(25) and subsequently; how chemotherapy was given — either pre-operatively(26)

or as adjuvant treatment(27), which reflected the stage of disease of the included participants.

The PICOS tool(21) is a useful aid to defining clear objectives and eligibility criteria, as it sets out the
population (P) of included participants; the new intervention (I) being tested; the comparison (C) against which
the intervention is being compared; which outcomes (O) the intervention might affect and the study designs (S)

that are eligible for the review. Note that for treatment efficacy reviews, RCTs will tend to be the default study

type.



For an aggregate data systematic review in NSCLC(28), the objective was to assess whether the effect of pre-
operative chemotherapy (1) improved survival and reduced recurrence rates (O) when compared against standard

of care (C) for patients with non-small cell lung cancer (P). The eligibility criteria are shown in Table 2.

PICOS elements Definition Eligibility criteria for NSCLC

systematic review(28)

Population Defines the included participants Patients with NSCLC and no prior
(e.g. by age, sex, condition under malignancy or chemotherapy
investigation)

Intervention The research or experimental Pre-operative chemotherapy plus
treatment surgery without or without radiotherapy

Comparator The control (e.g. standard of care, Surgery with or without radiotherapy

(control) placebo)

Outcomes The review endpoints or outcomes NA
of interest (e.g. survival, weight
loss, quality of life)

Study types Types of studies eligible for Completed RCTs (S)
inclusion in the review (e.g. RCTs,
cohort studies etc)

Table 2. Example of eligibility criteria based on PICOS

Commonly, because systematic reviews aim to assess the effect of treatment on a number of outcomes, it would
be too restrictive to use outcomes to define the eligibility criteria for trials to be included in a systematic review

(Table 2).

2. ldentifying all relevant studies

Searching for trials

Whilst defining and applying specific eligiblity criteria guards against study selection bias (Table 3), it cannot
circumvent reporting biases. These occur when the characteristics of study results determine if, when, and where
they are published. Therefore, the aim is to identify and include all relevant trials, irrespective of publication
status, language, or the nature of the results, through systematic and comprehensive searches for trials across

multiple sources, thereby reducing the risk of falling foul of such biases.

Bibliographic databases including MEDLINE, EMBASE and the Cochrane Central Register of Controlled Trials
(CENTRAL(29)), which is also populated by trial reports identified in other databases and through hand
searching of journals, are important sources of (mainly) published RCTs. Validated search filters and exemplar
strategies that use these filters have been developed to assist reviewers in the retrieval of RCTs for MEDLINE,
CENTRAL and EMBASE(21, 30). Although searching these three databases should be considered a minimum
requirement for a systematic review(30), depending on the review topic, cancer- or region-specific databases

may also be useful. A recent review of published systematic reviews indexed in MEDLINE(31) showed that a



median of four electronic databases were searched by review authors. When devising search strategies and

choosing search terms for these databases, again, the PICOS tool is helpful, with population, intervention,

comparison and study design being the most useful(21).

Whilst these databases are undoubtedly rich sources of reported trials, there are limitations. MEDLINE and

EMBASE tend to include journals with higher impact factors, published in the English language, that cover

more general medical than disease-specific themes topics. Added to this, there is now substantial empirical

evidence that trials with more striking results are more likely to be published; published more quickly, in the

English language, in more accessible sources and multiple times, compared to those with less striking results

(Table 3). Thus, limiting searches to these major bibliographic databases potentially means including only those

trials with the most striking results, leading to unrepresentative, biased and so unreliable conclusions.

Type of bias

Description

Biases associated with study selection, availability or reporting

Study selection bias(32)

Trials with clinically or statistically significant results are more
likely to be selected for inclusion in the review

Data availability bias(32)

Data from trials with clinically or statistically significant results
are more likely to be made available readily

Publication bias(33)

Trials with clinically or statistically significant results are more
likely to be published

Time lag bias(34)

Trials with clinically or statistically significant results are more
likely to be published quickly

Multiple publication bias(35)

Trials with clinically or statistically significant results are more
likely to be published multiple times

Location bias(36)

Trials with clinically or statistically significant results are more
likely to be published in readily-accessible sources

Citation bias(37)

Trials with clinically or statistically significant results are more
likely to be cited

Language bias(38)

Trials with clinically or statistically significant results are more
likely to be published in the English language

Outcome reporting or availability
bias(39)

Trial outcomes with clinically or statistically significant results
are more likely to be published.

Biases associated with study design or analysis (40)

Participant selection bias

Trial participants on the treatment arm of trials have more
favourable characteristics or prognoses than participants on the
control arm (prevented by random allocation and allocation
concealment)

Performance and detection bias

Trial participants on the treatment arm receive additional care or
are assessed more closely for positive outcomes than participants
on the control arm

Attrition bias

Trial participants are followed up, or excluded from analyses, in
such a way that results on the treatment arm appear more
positive

Table 3: Biases that can affect the reliability of systematic review and meta-analysis results




It has been estimated that around 10% of all trials included in Cochrane systematic reviews are identified in the
grey literature(30), which includes conference proceedings, book chapters, theses and reports. However, sources
of unpublished trials are often overlooked in systematic reviews, with trial registries searched in only 19% and
conference proceedings in only 16% of systematic reviews identified in a recent study(31). Given that results of
many trials presented at conferences are never fully published(41), and others can take some time to be reported
in full, conference proceedings, in particular should not be ignored. In oncology, searching the proceedings of
both general cancer conferences, for example, the American Society of Clinical Oncology (ASCO) or European
Society of Medical Oncology (ESMO), and cancer-specific conferences, for example, the World Conference on
Lung Cancer (WCLC) or ASCO genitourinary cancers symposium can prove very useful. Finally, further trials
can often be identified by hand-searching the reference lists of the publications of eligible trials or related
reviews, and by searching clinical trial registers, for example, U.S. National Institute of Health
ClinicalTrials.gov and by speaking to experts working in the field. For example, in a systematic review of pre-
operative chemotherapy for NSCLC (28), only half of the eligible trials identified were indexed in MEDLINE.
The remainder of the trials were identified through searches of conference proceedings, CENTRAL and by

hand-searching the referecne lists of relevant articles.

Screening search results for eligible trials

Once all searches have been completed, the records retrieved must be screened for relevance and eligibility.
Inevitably, any search strategy will pick up many irrelevant records that need to be removed, and searching
multiple sources of trials can result in duplicate records. Often, scanning the titles and abstracts is enough to
filter out obvious duplicates and irrelevant records. However, detailed checking of abstracts and full-text
publications is needed to properly identify trials that fulfil the eligibility criteria and objectives of the review,
and also to clarify and collate multiple reports arising from the results of a single trial. It is advisable for this
process to be carried out by two reviewers, who should agree on eligibility (or otherwise) of the trials identified.
A screening form listing questions relating to the eligibilty criteria is very useful at this stage, both to aid the
screening process and to document the decisions made. Reference management software can also facilitate the
management of this stage of the review process.. The flow of trial records though this process of screening
search results is commonly recorded in a flow diagram, which is a mandatory requirement of the PRISMA
reporting guidelines(4). An example from a systematic review and IPD meta-analysis of pre-operative

chemotherapy for NSCLC(26), is shown in Figure 1.



[Figure 1: PRISMA flow diagram for systematic review of neoadjuvant chemotherapy for non-small cell lung

cancer. Modified with permission from Elsevier (Lancet, 2014, 383, 1561-1571).]

3. Consistent data collection across studies
Once a list of eligible trials has been established, key descriptive data and results need to be obtained for each
included trial. Data items to be collected for each trial should be outlined in advance in the systematic review

protocol. Key data items often include, but are not limited to:

e  Trial identifier / reference

e Lead investigator

e  Details of study design, recruitment and follow-up (S)

e Methods of analysis and number of patients randomised/analysed

e Baseline characteristics (e.g. age, sex, stage) of participants (P)

e Planned treatment details (intervention and control arms) (I /C)

e  Outcomes assessed and their defintions, and results for each (O)
Most systematic reviews rely on using aggregate summary data that has been extracted from trial reports,
including journal articles, conference abstracts (or associated presentations), book chapters, theses and
pharmaceutical company reports. Developing a standardised data collection form helps to ensure that, as far as
possible, results and other information are extracted consistently for each trial, and also provides a record of
which data were available and which were not. Indeed one of the challenges for systematic reviewers is
obtaining all of the necessary information needed for the systematic review. For example, trial reports may not
describe the design of a trial in sufficient detail to determine the methods used or they may only provide results
for some of the outcomes of interest or for a particular subgroup of participants. These problems can be
magnified in conference abstracts. For example, for a systematic review of of pre-operative chemotherapy for
NSCLC(28), data on survival were only available for 7 the 12 eligible trials and for disease-free survival for 3
trials, representing only 75% and 35% of all participants randomised, respectively. Although the
CONSORT(42) and CONSORT for abstracts(43) guidelines for trial reporting are no doubt helping in this
regard, information on unpublished trials can be even harder to establish. Trial protocols, which are increasingly
available through trial institute websites or summarised in registers such as ClinicalTrials.gov, can provide

information on treatments and comparators, inclusion and exclusion criteria of participants and planned trial size



and timelines. However, until such time as results become readily available, obtaining results for unpublished

trials remains an issue.

Clearly, if the reporting of trials is related to results, it is important to include as much published and
unpublished data as possible to limit the potential influence of reporting biases (Table 3). This may mean, for
example, seeking results directly from trial investigators for any outcomes that were not reported. However,
recent evidence(31) suggests that very few systematic reviewers do this. Similarly, additional information on,
for example, the methods of randomisation or concealment or reasons why participants were excluded from

reported analyses can be sought from trial investigators to establish the quality of the included trials.

An alternative to extracting or obtaining aggregate data is the IPD approach, which involves the central
collection of the raw data for each partcipant, from all the relevant trials worldwide. Although this may demand
greater resources and be more time-consuming than a review of aggregate data, it can substantially improve both
the quantity and quality of data available by virtue of including more trials (published and unpublished),
participants, and outcomes(6, 44, 45). For example, a systematic review of pre-operative chemotherapy for
NSCLC based on IPD(26), included data on 15 trials, representing 92% of all randomised patients for both
survival and disease-free survival outcomes. All participants who had been excluded from the reported analyses
for these trials were re-instated in the IPD review, the results of which were based on far more data than the
aggregate data review conducted previously(28). The collection of IPD also enables standardisation of outcomes

such as disease-free survival across trials and allows for detailed data checking(6, 44, 45).

4. Assessing study validity and risk of bias
The validity and reliability of the results of any systematic review are determined not only by efforts undertaken
to ensure that all (and only) eligible trials have been included, but also by the quality of the included studies.
Whilst reporting biases (Table 3) can to some degree be circumvented by extensive searching, obtaining results
based on all trials, participants and outcomes, which may or may not require the collection and re-analysis of
IPD; potential biases arising from inappropriate trial design, conduct or analysis (participant selection bias,
performance and selection bias, Table 3) are harder to address. Therefore, assessments of the quality, or risk of
bias, of included trials are now commonplace in systematic reviews, and are a requirement of the PRISMA
reporting guidelines(4). One tool that is commonly used to assess the trial validity is the Cochrane Risk of Bias
tool(46), in which reviewers assess whether the risk of various biases is low, high or unclear for each of the

included trials and ultimately, for the meta-analysis results overall. The tool does have some limitations.
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Reviewers are most often relying on information from trial reports to make judgements about the risk of bias. If
the required information is scant or missing from trial reports, then assessments can be unreliable or limited(47,
48). Contacting trial investigators for further details to inform the trial quality assessment may be important.
Moreover, judgements are somewhat subjective, leading to differing assessments being made by independent
reviewers(49, 50) and can only ever highlight the potential for bias and not the actual validity of a trial and its
results. The potential impact of observed biases within trials on the results of the systematic review should also
be evaluated. This may be done qualitatively or through sensitivity analyses(51), if a meta-analysis is planned,

but there is no standard approach(52).

5. Synthesis of study characteristics and results (meta-analysis)
Results of a systematic review can be presented in a narrative way, indeed most reports of systematic reviews
tabulate and summarise details of the eligible trials, including design, recruitment, treatments used and
characteristics of the included patients. However, systematic reviews of interventions will generally also

incorporate a quantitative synthesis of trial results in the form of a meta-analysis.

Planning meta-analyses

If a meta-analysis is to be included in a systematic review, it is important that all aspects of the analysis are
planned in advance and described in detail in the review protocol or analysis plan. This ensures that the
analyses are guided by the objective(s), and not motivated and modified on the basis of known trial results or by
the accumulating meta-analysis results, which could introduce bias. In addition, the planning stage can help, for

example, to clarify definitions of outcomes to be assessed and the data items to be obtained.

Analysis plans should include the primary and secondary outcomes, their definitions; methods for analyses of
efficacy, including those for exploring the impact of trial or participant characteristics; methods for measuring
and accounting for heterogeneity and methods for assessing risk of bias for included trials. Of course,
developing a protocol and analysis plan does not preclude unplanned, additional exploratory analysis, which can
inform or add to the main results or help generate new hypotheses. However, any post hoc analyses should be

justified, and clearly described as such in any report of the results.
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Outcomes and effect measures

How treatment effects are measured in individual trials and meta-analysis is largely dictated by the outcomes of
interest in the review. For example, a hazard ratio (HR) would commonly be used to assess the effects of
treatment on a time-to-event outcome such as survival, or an odds ratio (OR) or risk ratio (RR) (relative risk)
for a dichotomous outcome such as toxicity (Table 4). In the case of an aggregate data review, the effects
measures will either be extracted or estimated from published results or obtained directly from trial
investigators, whereas for IPD, they can be calculated directly from the re-analysis of the collated trial data,

which also allows analytical assumptions to be checked and for the analysis methods to be kept consistent across

trials.
Outcome type Description Examples of outcome Examples of
type appropriate statistics
Dichotomous outcome | Whether events do or do | Mortality Risk Ratio
not happen Adverse event Odds Ratio
Continuous outcome Whether a disease or Blood pressure Mean difference
participant measure Pain Standardised mean
changes Weight loss difference
Time-to-event outcome | Whether events do or do | Survival Hazard ratio
not happen over a Time to recurrence of
period of time disease
Time to relief of
symptoms

Table 4. Common outcome types and effect measures used in meta-analysis

How is a meta-analysis done?

Meta-analyses are typically described as either “one-stage” or “two-stage” (53). The “two-stage” approach is
more commonly used and applicable to both aggregate data or IPD meta-analyses. In the first stage, an estimate
of the treatment effect and its standard error (or variance) are obtained for each trial, and in the second stage,
these are combined to obtain an overall estimate of effect, which is essentially a weighted average of the effects

in each trial.

Sum of (trial effect x w eight)

Meta - analysis effect = -
Sum of weights

The weight applied to each trial determines how much influence each trial has on the meta-analysis effect

estimate.

For IPD meta-analyses, although the two-stage approach remains common, so-called “one-stage”

approaches(53) are being used increasingly(54) and typically involve analysing the data all together in a single
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regression model, while also accounting for differences between trials. The model chosen will depend on the
outcome(s) of interest (Table 4), for example, a logistic regression might be used for dichotomtous outcomes, a
Cox regression for time-to-event or a linear regression for continuous outcomes. Theoretically, two-stage
methods can be seen as special cases of one-stage models(55-57), and studies using both simulated(58, 59) and
real data(58-61) have shown that the results obtained will usually be similar, irrespective of whichever is used.

However, in particular scenarios, results from two-stage meta-analysis can be biased(58, 59, 62).

Visualising meta-analysis results
The results of two-stage meta-analyses are usually presented on forest plots. For example, the results of a meta-
analysis of the effect of adding docetaxel to standard care on survival in metastatic hormone sensitive prostate

cancer(63) are shown in Figure 2.

[Figure 2: Effect of the addition of docetaxel to standard of care on overall survival of men with metatstatic

prostate cancer. Modified with permission from Elsevier (Lancet, 2016, 17, 243-256).]

In Figure 2, the x-axis shows the range of effect sizes, in this case HRs, with the line running through 1 (or 0 on
log HR scale) representing no effect of docetaxel (equivalence). The HR estimates of the effect of docetaxel for
individual trials are represented by squares, and the 95% confidence intervals by the horizontal lines on either
side. The size of each square is directly proportional to the amount of information (in this case events)
contributed by the trial results, and the associated confidence interval shows the level of uncertainty in the
estimation of the HRs. Those HRs less than 1, i.e. lying to the left of the line of no effect, indicate a reduction in
the risk of a death with docetaxel, and this is the case for all trials in Figure 2. However, results of individual
trials are only conventionally significant (i.e. p<0.05) if the 95% confidence intervals do not cross the line of no
effect. Thus, only two of all the individual trials in Figure 2 show significantly improved survival with
docetaxel. Note that for positive outcomes, such as resection rates, the conventions would be reversed, and
beneficial effects of treatment would be represented by estimates of effect lying to the right of the line of

equivalence.

The overall estimate for the meta-analysis is usually displayed as a diamond, with the centre corresponding to
the effect size, and the edges the 95% confidence interval. Again, a meta-analysis result is only conventionally
statistically significant when the confidence interval does not overlap the line of equivalence. In Figure 2, the
meta-analysis HR of 0.77 represents a 23% relative reduction in the risk of death with the addition of docetaxel,

and is highly statistically significant(63) reflecting the gain in power from being able to include more patients
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and events. Also, as clearly seen in Figure 2, the confidence interval for the meta-analysis result (95% CI=0.68-
0.87) is much narrower than for any of the individual trials, reflecting the increased confidence in this estimate

of effect.

Important to note is that as forest plots were designed for use with two-stage meta-analysis models, it remains a
matter of debate how they might better be used in conjunction with one-stage models, which typically do not

estimate treatment effects for the individual trials(38,54).

Measuring and accounting for heterogeneity

As described previously, effect estimates from individual trials are more likely to be similar if the populations,
and particularly the interventions and comparisons of those trials are similar. Nevertheless, some variability in
individual trial estimates is inevitable and expected, but where these are greater than expected by chance this is
termed statistical heterogeneity(64). This is usually assessed using a chi-square test known as Cochran’s Q(64).
A p-value of less than 0.05 or, because of the low power of the test, less than 0.10, for this test is considered
suggestive of meaningful variation between effect estimates. An alternative measure is the inconsistency
statistic, 12, which describes the variability in the trial effects estimates that arise from heterogeneity rather than
by chance (sampling error) alone(64). The I statistic is presented as a percentage, with figures close to 0%

suggestive of low heterogeneity and those close to 100% high heterogeneity(65).

Fixed effect models for meta-analysis (66, 67) assume that each trial estimates the same underlying treatment
effect, and that variation in effects between trials occur by chance alone. Trials in the meta-analysis are
weighted directly by the amount of information they contribute to the meta-analysis. Larger trials, including
more participants and with more events, have a larger weight than smaller trials and heterogeneity is not
accounted for. Alternatively, a random effects model, such as that proposed by DerSimonian and Laird(68),
assumes that treatment effects will be normally distributed around a mean effect. Trials are weighted by a
combination of their size, or amount of information provided, and by the underlying variability between the
studies as estimated by the model. Where there is low heterogeneity, as assessed by Cochran’s Q or the 12
statistic, the results obtained will be very similar, or indeed, identical, regardless of whether a fixed effect or
random effects model is employed. Conversely, where there is evidence of heterogeneity, a fixed effect model
may provide an estimate of effect that is too precise (confidence intervals are too narrow), not appropriately

reflecting the uncertainty associated with the meta-analysis estimate of treatment effect. Although a random
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effects model will reflect the uncertainty, having wider confidence intervals; smaller trials will potentially

influence the meta-analysis as much as larger, theoretically more reliable, trials.

In a systematic review of the effect of post-operative radiotherapy on survival in patients with NSCLC(69) there
was some evidence of heterogeneity in the effect on survival (12 = 40%, P = 0.08). However, results from the
fixed effect (HR = 1.18, 95% CI= 1.07 to 1.31, p=0.0001) and random effects models (HR=1.17, 1.02-1.34,
p=0.02) were similar, re-assuringly demonstrating that the results were robust to the choice of model. By
contrast, in an IPD meta-analysis of neoadjuvant chemotherapy prior to radiotherapy for cervical cancer(70)
there was substantial evidence of heterogeneity in the effect on survival (p=0.0003, 1>=62%)), and the fixed
effect meta-analysis suggested no clear benefit of neoadjuvant chemotherapy (HR=1.05, 95% CI=0.93-1.19,
p=0.39). However, it is perhaps inappropriate to combine such variable results using a model that assumes the
same effect across trials. Although the random effects model better reflects the uncertainty of the result, with a
much wider confidence interval (HR=1.11, 95% C1=0.90-1.36, p=0.32) , the estimate of effect is driven by a
number of the small trials with extreme results(71). In fact neither model provides an ideal synthesis of the trials

results.

Exploring heterogeneity and robustness of results

The presence of heterogeneity makes it more likely that a meta-analysis result will be non-significant and/or
otherwise unclear, which inevitably hampers interpretation. Therefore, it is important to explore whether
variability in characteristics of either the trials or of the included participants (so called “effect modifiers”) may
help to explain differences in treatment effects (71, 72). Trial-level effect modifiers can be explored by grouping
trials according to the characteristic(s) of interest, and performing separate meta-analyses within each group.
Results are then compared using a test for interaction (subgroup differences)(64). Such analyses were useful in
showing that the effects of neoadjuvant chemotherapy in cervical cancer(70) varied by chemotherapy cycle
length (test for interaction p=0.009), with a clear detriment from giving long-cycle neoadjuvant chemotherapy
before radiotherapy (HR=1.25, 95% CI 1.07-1.46), but not short-cycle chemotherapy (HR=0.83, 95% CI 0.69-
1.00), helping to explain the heterogeneity identified. Alternatively, meta-regression(64) can be used to explore
whether individual trial treatment effects change in response to changes in, for example, treatment doses or

regimens.

The investigation of how treatment effects vary by patient characteristics is important not only in exploring

heterogeneity, but also in determining which participants are more likely to benefit or are least likely to be
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harmed by particular treatments. However, using meta-regression of aggregate data is usually inadequate for
this purpose because it only allows investigation of interactions between trial treatment effects and summaries of
patient characteristics, such as mean age or proportion of females, which may not reflect the genuine
relationship between the effects and the age or sex of an individual participant(73). Therefore, full investigation
of potential patient-level treatment effect modifiers is a common motivation for collecting IPD(6, 74). For
example, a systematic review and IPD meta-analysis showed that the benefits of tamoxifen or the survival of
women with early breast cancer were limited to those with oestrogen receptor positive tumours(75). Such
findings would not have been possible without access to IPD. However, some methods of analysing these
interactions between patient characteristics and treatment effects are prone to ecological bias(73) so care must

be taken to analyse these appropriately(76).

Another option for exploring variation in trial results is to conduct sensitivity analyses, whereby trials with
particular characteristics are included (or excluded) from a meta-analysis, to determine their influence on the
overall results. Candidates for sensitivity analyses might be trials with unusual designs, or with extreme results.
However, it is possible that excluding trials in such a way can introduce bias, for example, if the analyses are
driven by the results or trial effects vary for reasons other than those under consideration. Sensitivity analyses
performed to exclude trials considered to be of poor quality(51), can also be probematic since quality judgments

will always be somewhat subjective, and potentially unreliable if based on trial reports(47, 48).

Ideally, the possible or likely sources of variation in treatment effects should be anticipated at an early stage in
the systematic review process, and strategies to investigate or mitigate the effects of such heterogeneity
described in detail in the protocol statistical analysis plan in advance of any analyses being conducted. Even if
it transpires that there is little or moderate statistical heterogeneity, such analyses remain useful in exploring the
robustness of the results to the variability that is inherent across trials in any meta-analysis. Conversely, the
results of interaction tests or sensitivity analyses conducted post hoc should be interpreted cautiously, and

regarded as hypothesis-generating rather than as conclusive.

Interpreting meta-analysis results
When interpreting the results of a meta-analysis, examining just the direction of the effect and the significance

level (p-value) is insufficient. There is a need to also consider:

o the size of the effect (difference from the no effect line), to assess if it is clinically worthwhile
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o the strength of evidence for the effect (the amount of eligible trials and data included and the width of
the confidence interval)
e the consistency of the results of individual trials (visual inspection and heterogeneity statistics, and

whether any variation can be explained by trial or patient characteristics).

Revisiting the aggregate data review of pre-operative chemotherapy for NSCLC(28), the meta-analysis suggests
an improvement in survival (HR=0.82, 95% CI=0.69-0.97), and results are consistent across trials (Test for
heterogeneity; p=0.98). However, the p-value is just conventionally significant (p=0.022), and the upper limit
of the confidence interval is close to 1, implying that the true effect may be very small. Perhaps most
importantly, some key large trials, representing 25% of the randomised patients could not be included. As
inclusion of these data these could potentially alter either the size or direction of effect, the results can only be
regarded as promising rather than conclusive. The potential impact of missing trials on the results of a meta-
anlaysis can be indicated by the use of funnel plots. However, as reporting biases are one of a number of
potential causes of funnel plot asymmetry, the interpretation of these plots is not always indicative of missing
trials. Furthermore, funnel plots are not appropriate in situations where fewer than 10 trials have been included
in the meta-analysis, where very few trials have statistically significant results, or where there is considerable

heterogeneity(77, 78).

For the aggregate data review of the effects of adding docetaxel to standard care on survival in metastatic
prostate cancer(63) represented in Figure 2, we see that the HR is substantially smaller than 1, the confidence
interval is narrow with an upper limit that is also much less than 1, and the effect estimate is highly statistically
significant. Thus, the meta-analysis seems to provide reliable evidence of a large treatment effect. Heterogeneity
across trial results is low (Test for heterogeneity; p=0.187; 1=37.5%) and unaffected by the choice of a fixed or
random effects model providing further reassurance as to the robustness of the results. Although the meta-
analysis is based on only three of the five eligible trials, it still represents 93% of all patients randomised. Thus,
incorporation of data from the remaining two trials would have little impact. Taken together, this provides
compelling evidence that adding docetaxel to standard care improves the survival of men with metastatic

prostate cancer(79).

Is meta-analysis always appropriate?
Whilst most systematic reviews that set out to assess the effects of a treatment intervention do include a meta-

analysis, there are occasions when it may not be feasible to formally synthesize the results of trials. For
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example, where data are sparse, either because very few trials have been conducted in the field of interest, or
those that have are either still ongoing or have not reported results. In the latter circumstances, contact with the
investigators can help establish if and when results may become available, allowing better planning of the
timing of any meta-analysis. Alternatively, a request for the results or IPD can help make a meta-analysis

feasible.

Another obvious circumstance in which meta-analysis may be inappropriate is where there is substantial
heterogeneity across trial results that cannot be explained by differences in trial or patient characteristics. This
could indicate that the included trials have assessed fundamentally different questions, such that combining

them in meta-analysis could lead to erroneous or invalid conclusions.

A final consideration is whether it is appropriate to combine or include the results of trials (or trial analyses) that
are clearly of “poor quality” or at high risk of bias in a meta-analysis at all, as it is likely that these biases will be
further compounded. This was the approach taken in a systematic review of adjuvant chemotherapy for bladder
cancer(80) in which there had been serious concerns raised about the quality of the design, conduct and analysis
of some of the eligible trials. If it is the analysis or reporting, rather than the conduct, of the trial that is at fault,
then requesting results based on the intention-to-treat principle (that is, including all randomised participants),
for all outcomes of interest, or with longer follow-up may mitigate the potential influence of these biases on the
meta-analysis results. Indeed, a systematic review and meta-analysis based on IPD from many of these same
trials of adjuvant chemotherapy in bladder cancer(81) was able to assess and resolve most of the issues affecting
the aggregate data review. If time or resources are limited, this could be done only for those trials judged to be

most at risk of bias.

Multivariate meta-analysis

Meta-analyses discussed in the bulk of this chapter are used to estimate the effect of a treatment on a specific
outcome. However, multivariate meta-analysis is often used to estimate the overall effects of multiple outcomes
simultaneously. For instance, in a meta-analysis in the field of cancer, a reviewer might be interested in both
progression-free survival and in overall survival. The simplest approach would be to perform two independent
meta-analyses, one for each outcome. However, if only the most significant outcome from each trial is reported
(outcome reporting bias) then those meta-analyses will be biased. Importantly, though, outcomes such as

progression-free survival and overall survival are often highly correlated; and this correlation can be used in
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multivariate meta-analysis to permit so-called borrowing of strength from the effect in one outcome to assist in

estimating the treatment effect on the other.

Network meta-analysis

Network meta-analysis is a similar concept to multivariate meta-analysis, however, in a network meta-analysis,
multiple treatments may be assessed simultaneously(82). Each included trial compares two or more eligible
treatments and trials should be as similar to each other as possible in terms of the included patients or settings to
avoid or limit variability. The extent of available data can be presented as a web-like diagram called a network,
showing where there are direct comparisons of treatment available from within one or more trials; and the
relative strength of such evidence (using weighting similar to that as described for fixed- and random-effects
models). A meta-analysis model is then fitted that allows information to “flow” through the network and
borrowing of strength to occur between treatment comparisons, as well as providing information on any missing
treatment comparisons. One common application of such a model is to rank multiple treatments in order of their

efficacy compared with a common reference treatment.

6. Structured presentation of results
Appropriately conducted systematic reviews provide a comprehensive and objective summary of all available
evidence. However, to enable users to to assess the validity of the methodology used, the assessments made and
the interpretation, structured and transparent reporting is vital. With this in mind, in 2005, a group of systematic
reviewers, editors, clinicians and others developed the PRISMA statement, which was first published in 2009(3,
4). The aim of the PRISMA statement and accompanying checklist was to improve the reporting of systematic
reviews and meta-analyses. Published alongside the original statement was a paper giving further explanation to
review authors on good practice in reporting, using a series of examples for each item on the checklist(83). The
checklist details 27 items that should be included in every systematic review and meta-analysis report as well as
a flow diagram that shows the flow of information through the review process (Figure 1). The statement has
now been endorsed and taken up by a number of organisations including the Cochrane Collaboration, Council of
Science Editors and the World Association of Medical Editors, as well as several hundred journals that publish
systematic reviews across healthcare. Since the launch of the original PRISMA statement, a number of
extensions have been developed to facilitate the reporting of different types or systematic reviews (e.g. IPD

meta-analyses(84)) as well as the reporting of abstracts(85) and protocols(86) of systematic reviews.
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Impact of systematic reviews and meta-analyses

Clear and detailed reporting of results(4, 86) allows for ease of understanding and facilitates the use of
systematic reviews and meta-analysis. Because they are generally considered to be the highest level of
evidence, and often resolve uncertainty about a particular healthcare intervention, systematic reviews have a key
role in informing evidence-based clinical guideline recommendations and thus influencing clinical practice. In
particular, systematic reviews based on IPD can often help guideline developers to make more nuanced
recommendations by targeting particular treatments to those individuals who might benefit the most(87).
However, the potential impact of a systematic review can be further enhanced through timely publication. It
should be noted that publication in medical journals alone may not maximise the potential impact of a
systematic review, which may require making the publication freely available or engaging directly with

guideline developers or patient advocacy organisations.

Systematic reviews and meta-analyses also have great potential to influence different stages of clinical research.
Systematic reviews can inform the design(88), explain the rationale for(89-91), or directly influence new
trials(90, 91). For example providing sufficient justification for the initiation of a new trial by identifying gaps
in the existing evidence or informing the design and/or conduct of an ongoing trial by considering the external
evidence. Because they often provide more detailed and reliable results, and a greater depth of understanding,
well-conducted IPD meta-analyses thus have even greater potential to inform the design, conduct, analysis and
reporting of new or ongoing clinical trials(92) (Figure 3). The collective approach of systematic reviews based
on IPD can also speed up the design and launch of new trials initiated by members of the collaborative
group(63). Systematic reviews can also help place the results of a clinical trial in the context of the results of

other related trials and many journals now require this as part of the reporting standards for clinical trials(43).

[Figure 3: Impact of systematic reviews and meta-analysis throughout the clinical research process]

Summary

Systematic reviews and meta-analyses provide reliable and up to date evidence in oncology. Providing they are
well designed, properly conducted, follow rigourous methodology, and are clearly reported, in accordance with
appropriate guidelines, their results have the power and precision to guide clinical practice and policy. In
addition, they can highlight where uncertainties about treatments persist, providing justification for further

clinical research and informing future trials.
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