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Abstract

Systematic reviewers are simultaneously unable to produce systematic reviews fast enough to keep up with the availability of new trial
evidence while overproducing systematic reviews that are unlikely to change practice because they are redundant or biased. Although the
transparency and completeness of trial reporting has improved with changes in policy and new technologies, systematic reviews have not
yet benefited from the same level of effort. We found that new methods and tools used to automate aspects of systematic review processes
have focused on improving the efficiency of individual systematic reviews rather than the efficiency of the entire ecosystem of systematic
review production. We use software engineering principles to review challenges and opportunities for improving the interoperability, integ-
rity, efficiency, and maintainability. We conclude by recommending ways to improve access to structured systematic review results. Major
opportunities for improving systematic reviews will come from new tools and changes in policy focused on doing the right systematic re-
views rather than just doing more of them faster. © 2018 Elsevier Inc. All rights reserved.

Keywords: Software engineering; Systematic reviews as topic; Machine learning; Evidence synthesis; Trial registration; Updating systematic reviews

1. Current challenges in the systematic review
ecosystem

Systematic reviews of clinical interventions play an
important role in the policy and practice of health care
and should provide an up-to-date synthesis of available tri-
als and other clinical studies. Ensuring that evidence syn-
thesis is current is particularly important for recently
approved interventions, where the accumulation of new ev-
idence might reveal safety issues and delays in their identi-
fication can cause harm [1]. Systematic reviews can also
help to identify and mitigate the effect of publication and
reporting biases [2], which result in delays in identifying
safety issues. Despite rapid growth in the number of pub-
lished systematic reviews, a substantial proportion is either
redundant, or conflicted, or has little clinical value [3].
Ensuring that systematic reviews do what they are meant
to do is an ongoing challenge in the area.
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Systematic reviews are resource-intensive, and this hin-
ders our ability to update them quickly enough to keep up
with available evidence [4]. In response to this challenge,
medical informatics specialists developed tools to support
the automation of searching, screening, and synthesis of
clinical evidence [5—9]. However, these tools have typi-
cally aimed to reduce the effort required to undertake indi-
vidual systematic review processes. Less effort has been
used to develop informatics tools and methods for identi-
fying which systematic reviews and clinical questions
should be prioritized for review [10]. New methods and
guidelines in this space may benefit the broader systematic
review ecosystem by helping to improve the allocation of
resources to systematic reviews that are at highest risk of
a change in results of conclusions. Current approaches used
to decide when to update a systematic review interpret the
existing evidence and the amount of time that has elapsed
since the review was undertaken [11—13]. Although there
are several examples of the tools that consider the use of
new evidence to predict the risk of change in conclusions,
examples that evaluate the effectiveness of their tools are
rare [14—16]. From a 2016 assessment of the systematic re-
view practices [3], it is evident that systematic reviewers
still struggle with knowing in advance whether a systematic
review is worthwhile.
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What is new?

Key findings

e Efforts aimed at improving systematic reviews
have been focused on the quality or efficiency of
performing individual reviews rather than on infra-
structure to help avoid redundancy and monitor
biases.

What this adds to what was known

e There are a range of innovations aimed at
improving the completeness and timeliness of trial
reporting, but connections across registries and
bibliographic databases hinder systematic review
production.

e Recent advances in the way trial study designs and
results are represented in structured and machine-
readable formats and stored in registries are not
yet being fully used by systematic reviewers.

What is the implication and what should change

now?

e Changes in policy and the culture of trial reporting
could be expanded to cover systematic reviews,
which could improve interoperability and
efficiency.

e We propose establishing a centralized public repos-
itory for structured and machine-readable sum-
maries of systematic reviews to match changes in
the way clinical trials are registered and reported.

Our aim was to examine current issues in systematic re-
views, looking specifically at how well recent proposals
and developments are addressing current challenges.

2. How can software engineering principles help
address these problems?

In software engineering practice, systems are built to
meet requirements related to a set of quality of service at-
tributes, which describe how well a system behaves when it
is implemented. Here, we use quality of service attributes
from software engineering as a lens through which to
examine the entire systematic review ecosystem at once,
identifying gaps and opportunities for improvement.

There is no consensus or standard for list of quality of
service attributes in software engineering. Therefore, the
definitions of what constitutes a quality of service attribute
vary [17], but four important attributes are common across
most lists: interoperability, integrity, efficiency, and main-
tainability. We use these to frame an evaluation of current

systematic review practices, encompassing the technolo-
gies, data, and resources used to produce them. For each
attribute, we examine how well systematic review practices
currently meet expectations and discuss the emerging ini-
tiatives and technologies that are aimed at addressing
deficiencies.

2.1. Interoperability

In software engineering, interoperability relates to the
capability of a system to interact with other systems. If
we consider the set of all systematic reviews and the pro-
cesses for producing them as our system, then interopera-
bility is how well systematic reviews connect with trial
registries, bibliographic databases, other sources of trial
and study information, and the guidelines and summaries
that make use of systematic reviews in practice. In software
engineering, common approaches for ensuring interopera-
bility might include using standardized data formats to
ensure frictionless communication. Despite efforts to
improve interoperability in the registration and reporting
of clinical studies, much less effort has been spent on con-
necting systematic reviews to the sources of information
they use or the guidelines and policies that depend on them.

Some work has been done to improve the connectivity
between systems in ways that may support interoperability
with systematic reviews. There are different processes that
have been used to establish interoperability between trial
registries and bibliographic databases [18]. New methods
have also been proposed to improve the proportion of trial
registrations that include machine-readable links to biblio-
graphic databases [19,20]. However, systematic reviews are
typically not reported in ways that make it easy to establish
links to trial registries and bibliographic databases. The ev-
idence transfer between published trials, registries, and sys-
tematic reviews is largely ad hoc and unstructured. This is
because there is a lack of standardization and interopera-
bility to enable cross-study analyses [21].

In 2005, Sim et al. [22] proposed the use of structured
and computable reporting of trial results specifically to
enhance interoperability and transparency, but progress in
the space has taken many years [23]. Recently, Zarin
et al. [24] suggested a further step toward interoperability
by proposing the use of ClinicalTrials.gov as a central loca-
tion for linking trials via their unique registry identifiers to
their protocols, published results, and to any systematic re-
views in which they are included. In a similar way, struc-
tured representations of systematic review registrations
and results could improve interoperability through better
interfacing with structured representation of trials.

2.2. Integrity

In software engineering, integrity is defined by the
completeness and consistency of the data that are main-
tained by the system. For the systematic review ecosystem


http://ClinicalTrials.gov

138 R. Bashir, A.G. Dunn / Journal of Clinical Epidemiology 109 (2019) 136—141

to demonstrate completeness and consistency, it would
need to ensure that systematic reviews answering the same
clinical question and specifying the same inclusion and
exclusion criteria would include the same studies, and those
studies would represent all relevant studies at the time of
searching.

Incomplete representations of available evidence in sys-
tematic reviews are especially problematic when the studies
that are included capture a biased subset of what is avail-
able. For example, where negative efficacy results are un-
published [25], or where safety outcomes are missing
from reporting [26], systematic reviews may overestimate
the efficacy and underestimate the harms of new interven-
tions. Statistical methods used to detect or account for pub-
lication bias are of limited value [27].

Interoperability also affects data integrity at external
level where the links between registration and publication
of included studies are missing. This situation makes hard
to spot the outcome reporting biases [28—31] and selective
reporting or missing outcome data [32,33].

To address this challenge, systematic reviewers need to
be able to efficiently access the complete results of trials.
However, not every clinical trial gets published, which
means that other sources of trial reporting become impor-
tant. ClinicalTrials.gov in particular represents a very
large source of structured summary results and may pro-
vide information for trials earlier and more completely.
Studies examining the impact of searching for trial results
in places other than in bibliographic databases conclude
that trial registries are of some value [34,35]. To be
comprehensive, systematic reviewers need to consider all
sources of clinical trial results information including
bibliographic databases, ClinicalTrials.gov, and clinical
study reports available directly from investigators, this is
often challenging because of a lack of transparency in trial
reporting and the effort required to search and screen mul-
tiple databases.

2.3. Efficiency

In software engineering, efficiency is defined as the de-
gree to which a system performs without wasting resources.
An efficient systematic review system is one that quickly
incorporates new clinical evidence in systematic reviews
without undertaking unnecessary effort or producing redun-
dant systematic reviews. Our recent work showed that a
substantial proportion of systematic review updates are
not targeting the clinical questions where the evidence ac-
cumulates faster [36]. These results are aligned with the
broader perspective that many systematic reviews are
redundant and poorly focused where they are most needed
[3]. We think that problems with efficiency in the system-
atic review ecosystem may contribute to the slow detection
of safety issues in new interventions [1]. Wherever re-
sources are being wasted on redundant systematic reviews,
they could instead be targeted at updating systematic

reviews with signals from recently reported trials. A study
performed by Takwoingi et al. [15] is an example of a de-
cision tool that estimates the risk of conclusion change in
systematic review update in advance of allocating resources
to a systematic review. If we can improve tools of this type
to work across a broader range of systematic reviews, we
could improve the efficiency of the system by better target-
ing resources at clinical questions where conclusions are
more likely to change.

Researchers have proposed a number of different ap-
proaches for deciding if and when a systematic review
should be updated [11—13]. Novel approaches in this space
use information from previous examples of systematic re-
view updates to signal when a systematic review may be
at risk of a change in results or conclusions [15,37]. Factors
used to predict which reviews are at high risk include the
amount of time since the review was last updated, the num-
ber of trials and participants in the previous update, the at-
tributes of the primary meta-analysis, or simple information
about new and potentially relevant trials.

2.4. Maintainability

In software engineering, maintainability describes the
capacity for a system to cope with or adapt to changes in
its environment. For systematic reviews, this corresponds
to the ability to adapt changes in the ways evidence is pro-
duced, synthesized, and disseminated, and how the system-
atic reviews are used by health providers, patients, and
policy-makers. Maintainability is a challenge because it in-
volves dealing with any changes in the resources used to
produce systematic reviews, including trial registries,
bibliographic databases, as well as the culture and funding
of systematic reviewers. It also includes any changes to the
way the results of systematic reviews are disseminated to
stakeholders, such as summary reports, policy briefs, guide-
lines, and through news and social media.

One such change in environment has come from the
perceived value of systematic reviews. Evidence about as-
sociations between conclusions with conflicts of interest
and funding [38,39] suggests that industry groups may be
using systematic reviews as marketing tools. In addition,
the growth in the number of available journals has made
it easier to publish systematic reviews that are redundant
or capture a biased subset of the available evidence. Each
of these changes in practice may have introduced chal-
lenges to the credibility of systematic reviews. A number
of guidelines have been made available for managing the
expected norms for systematic reviews [40—43], but the
use of these guidelines remains low [44].

3. Where are the best places to focus efforts now?

The substantial growth in the number of systematic re-
views being produced suggests a recognition of their value
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in improving policy and practice in medicine, but this
growth has also created challenges in interoperability,
integrity, efficiency, and maintainability that have not yet
been fully addressed. To meet these challenges, we suggest
the combined efforts of the systematic review and medical
informatics communities.

We recommend the expanded use of standardized data
formats for representing trials through their registrations
and all forms of reporting including published articles,
structured summary results, clinical study reports, and indi-
vidual participant data [24]. The use of standardized repre-
sentations of trial results data would benefit the
interoperability of the system by providing a more com-
plete representation of trial results available, which would
in turn help to monitor and mitigate publication and report-
ing biases among prospectively registered trials. This will
improve interoperability across trials that will have flow-
on effects on systematic reviews—improving efficiency
and integrity in the system by making it easier for system-
atic reviewers to account for all available trial evidence
rather than just the subset of studies and outcomes reported
in published articles. However, this would not be useful for
systematic reviews based on old trials published before the
inception of trial registration. Therefore, we can only
recommend that the practice should be promoted for all
newly registered trials, matching the requirements of some
new policies in certain countries.

Part of the challenge of knowing when a systematic re-
view is needed comes from keeping track of other similar
systematic reviews that have been registered or published.
Despite the substantial improvements that have been made
to the transparency and completeness of trial reporting,
systematic reviews have not seen the same level of scru-
tiny and development [45]. There is currently no central-
ized repository for identifying published systematic
reviews along with information about their inclusion
criteria and the outcomes they examine. Such a system
would help systematic reviewers quickly ascertain if a
given clinical question has been addressed by other sys-
tematic reviews and would help manage the ecosystem
by monitoring the conclusions of systematic reviews with
equivalent inclusion and exclusion criteria. The availabil-
ity of all key attributes in a structured format could be
used to quickly evaluate overlapping systematic reviews
[46], helping to avoid redundancy and improving both ef-
ficiency and maintainability. PROSPERO is a registry for
systematic reviews [47]. In the same way that
ClinicalTrials.gov started as a way to prospectively regis-
ter trials and was expanded to include summary results
data for registered trials, PROSPERO would be a logical
choice for expanding to include structured summary re-
sults data for systematic reviews. Echoing the governance
used to define required information in ClinicalTrials.gov,
required information in a systematic review registry could
be based on PRISMA and its extensions and could include
links to identifiers of included trials and studies.

Biases in systematic reviews are complex. There is
growing evidence of biases caused by delayed or missing
publications, selective outcome reporting, differences in
funding over time after new interventions are marketed,
the financial conflicts of interest, and others. A registry
of systematic reviews and their results would not imme-
diately solve each of these problems, but if it were
coupled with changes in policy and practice, it could sup-
port improved surveillance and reduce duplication of
effort.

Finally, we recommend continued pressure on system-
atic reviewers, funders, and journal editors to maintain ex-
pected standards for prospective registration and reporting
for trials and systematic reviews. Although the rates are
improving, prospective trial registration is still not fully en-
forced across all medical journals [48], and even where sys-
tematic reviews are registered, they may not account for
substantial changes in outcomes when published [49].
Similarly, investigators of trials should also understand
their responsibility to update trial registries with current in-
formation after completion, and more countries and funding
organizations should consider requiring the timely report-
ing of structured and machine-readable summary results
for trials they fund.

4. Conclusion

Using software engineering principles, we examined the
challenges and opportunities that currently face the system-
atic review community. We found that the major improve-
ments in the transparency and integrity of trial reporting
have not yet been fully translated into improvements in
the transparency and integrity of systematic reviews,
although there are several nascent changes that should be
encouraged. We also found that many of the new develop-
ments from the field of clinical research informatics tend to
be more often focused on improving the efficiency of indi-
vidual systematic reviews and less often focused on broader
notions of efficiency that currently lead to the overproduc-
tion of redundant and unnecessary reviews. Although ef-
forts in the area of machine learning and information
retrieval are likely to be of value to systematic reviewers,
there are further opportunities for clinical research infor-
matics to address these broader challenges to efficiency
associated with redundant and misleading reviews. The
main reason for producing a systematic review is to guide
the practice of health care. To meet the current challenges
associated with systematic reviews, we recommend re-
newed focus on new tools and changes in policy that help
systematic reviewers do the right systematic reviews at
the right time.
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