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Abstract
Objectives: The aim of the study was to assess the feasibility of living network meta-analysis (NMA) taking into account the pace of
evidence generation across different medical areas.

Study Design and Setting: We performed a systematic review to identify published NMAs. For each NMA, we calculated the cumu-
lative number of new trials. To assess the feasibility of living NMA, we considered different update frequencies (4, 6, and 12 months), then
evaluated the number of new trials to be included at each update in the NMA and the workload percentage for an update relative to the
initial NMA.

Results: We identified 77 NMAs covering 17 different medical areas; 60 (78%) had fewer than four new trials included per year, on
average, and 5 (7%) had more than seven trials. With an update frequency of 4, 6, and 12 months, the median number of new trials to be
included in the NMA was 0 (interquartile range, 0e1), 1 (0e2), and 2 (1e4), respectively, with mean of 4%, 5%, and 11% workload per
update, respectively.

Conclusion: The workload associated with updating a living NMA represents about one-tenth of the initial workload; therefore, living
NMA is manageable. � 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Newevidence is continually appearing, and results from ev-
idence synthesis can become rapidly out-of-date, sometimes
even by the time they are published [1]. To be user-driven, ev-
idence syntheses need to be up-to-date and incorporate recent
data. The Cochrane collaboration advocated first updating sys-
tematic reviews on a regular basis, at least every 2 years [2].
Several authors have criticized the fixed updating frequency,
considering it a ‘‘too basic approach for what appears to be a
complex issue influenced by several factors’’ [3]. They
mention that some fields evolve at an extremely rapid pace
and others progress more gradually [4e7]. Updating evidence
synthesis remains time- and resource-consuming. Even theCo-
chrane organization has had to adapt and consider an update
based on need and priority [8].

A new approach has been proposed, called ‘‘living sys-
tematic review,’’ which involves a continual surveillance of
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What is new?

Key findings
� Many network meta-analysis (NMAs) had fewer

than four new trials included per year.

What this adds to what was known?
� Whatever the update frequency (4, 6, or

12 months), the median number of new trials to
be included in an NMA at each update was �2.

� Considering different update scenarios, the work-
load to conduct an update ranged from 4% to
14% of the initial workload.

What is the implication and what should change
now?
� Living NMA is feasible, and analysis of the pace of

evidence generation could help in determining the
optimal update frequency.

P. Cr�equit et al. / Journal of Clin
the literature, keeping evidence syntheses as up-to-date as
possible [9,10]. In the context of multiple competing treat-
ments available for an increasing number of conditions, this
concept has been extended to provide a complete and up-
dated evidence synthesis comparing all available treatments
for a given condition via ‘‘live cumulative network meta-
analysis (NMA),’’ also called living NMA [11e13].

In this framework, the first step is to perform the initial
NMA, considered the baseline up-to-date evidence [12].
Then iterations are repeated at regular intervals to keep
the NMA up-to-date over time. Each iteration consists
of six methodological steps: (1) adaptive search for treat-
ments and trials, (2) screening of reports and selection of
trials, (3) data extraction, (4) assessment of risk of bias,
(5) update of the network of trials and synthesis, and (6)
dissemination. This new form of synthesis lends itself to
online posting of findings on an accompanying Web site
to disseminate the updates and publications in journals
at regular time points. In our study, we considered the
posting of the results on a Web site as the final product
of the living NMA to focus on its practicality. The crucial
issue is to determine the frequency of the search and re-
view updating. If research data emerge quickly, current
evidence is uncertain, and end users need the latest evi-
dence to make decisions.

The implementation of a continuous update scheme re-
mains challenging, and determining an a priori optimal up-
date frequency is difficult. A trade-off for the update
frequency needs to be found to ensure that the NMA stays
up-to-date without undue burden. The optimal update fre-
quency would imply a feasible workload. Contrary to a
standard review updating, which requires the intermittent
deployment of substantial resources, maintenance of a
living NMA should require modest resources. The
screening and selection steps of a systematic review remain
the most time-consuming tasks and the most cumbersome,
largely for the initial NMA but also for updates. The work-
load of these steps is related to the pace of evidence gener-
ation for the research question of interest.

This study aimed to explore the pace of evidence gener-
ation across a wide range of medical areas to evaluate the
feasibility of living NMA and help determine the update
frequency.
2. Methods

After identifying published NMAs covering a wide
range of medical areas, we first assessed the pace of evi-
dence generation in terms of the cumulative numbers of
new trials that appeared each year for each NMA. Then,
we assessed the feasibility of living NMA by evaluating
(1) the number of new trials to be included at each update
in the NMA with different update scenarios and (2) the
workload to conduct an update relative to the workload to
complete the initial NMA.

2.1. Systematic review of NMAs

2.1.1. Search and selection
We performed a systematic search strategy to identify

eligible NMAs. First, we screened the list of NMAs
included in two previous methodological systematic re-
views of NMAs that used a comprehensive search strategy
[14,15] (Appendix A). Second, we searched for NMAs pub-
lished in 2015 and indexed in MEDLINE using the strategy
reported in Appendix A; the search was conducted on
February 18, 2016. Eligible studies were NMAs of random-
ized controlled trials reporting the date of last search, the
flowchart describing the study selection, and the citations
of included trials. We excluded NMAs including fewer than
20 trials, updated NMAs, and overlapping NMAs. We
chose to study NMAs with more than 20 trials (20 being
the median number of trials included in NMAs [14]) to
focus our demonstration on the ‘‘worst-case scenario’’d
NMAs with a priori the greatest pace of evidencedand
to ensure that we had sufficient data. In cases of overlap-
ping NMAs, we selected the NMA that included the largest
number of trials. Titles and abstracts were independently
screened, and the full-text articles were selected by two re-
viewers. Disagreements were discussed to achieve
consensus.

2.1.2. Data extraction
For each NMA, two reviewers extracted the publication

date, medical area, type of intervention, and treatment arms
for all trials included in the network of trials (regardless of
outcome).



Table 1. Characteristics of the 77 included NMAs (n 5 77)

Item n (%)

Type of intervention studied in NMAs,
number (%)

Pharmacological 62 (81)

Nonpharmacological 11 (14)

Both 4 (5)

Medical area, number (%)

Cardiovascular disease 17 (22)

Anesthesia and intensive care 8 (10)

Oncology/supportive care 9 (12)

Psychiatry/psychology 8 (10)

Rheumatology 7 (9)
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2.2. Pace of evidence generation

In an exploratory phase, for each NMA, we plotted the
cumulative number of trials included and the network of tri-
als. We then focused on the evidence generation over the
last 10 years, fixing as a time origin the date of the last
search of the NMA. We decided to consider this last 10-
year period because (1) the pace of evidence generation
is not constant over time, (2) the time lag between the first
and the last trial included in each NMA is highly variable,
and (3) it seems appropriate to consider recent changes in
the pace before starting a living evidence synthesis process.

2.3. Feasibility assessment

2.3.1. Number of new trials to be included
We calculated for each NMA the number of new trials to

be included at each update according to three different up-
date scenarios (every 4, 6, and 12 months).

2.3.2. Workload for an update
For each NMA, we estimated the workload involved to

perform an update relative to the workload needed to com-
plete the whole NMA. For the three update time scenarios,
we divided the number of trials to be included in the NMA
at each update by the total number of trials published up to
the time of the updatedconsidering that the latter should
be greater than 2 to consider an update scheme. We repre-
sented this workload as a percentage of the entire workload
needed to complete the whole NMA. All analyses involved
using R v3.1.0 (R Core Team, Vienna, Austria) [16].

2.4. Sensitivity analyses

We performed sensitivity analyses (1) considering
different periods (5 years and 1 year instead of 10 years)
to calculate the number of new trials to be included at each
update; (2) considering a sample of 50 NMAs including
fewer than 20 trials (this sample was randomly selected
among the NMAs including fewer than 20 trials identified
by the selection process); and (3) considering the different
medical areas.
Hepato-gastroenterology 8 (10)

Endocrinology 5 (7)

Respiratory diseases 4 (5)

Other 11 (15)

Number of trials included in the network,
median (Q1eQ3)

37 (24e63)

Number of treatments included in the
network, median (Q1eQ3)

10 (7e15)

Publication year of the first trial included,
median (Q1eQ3)

1991 (1983e1996)

Publication year of the last trial included,
median (Q1eQ3)

2013 (2010e2014)

Delay between the first and last included
trial (years), median (Q1eQ3)

21 (15e28)

Abbreviation: NMAs, network meta-analyses.
3. Results

3.1. Systematic review of NMAs

We included 77 NMAs covering 17 different medical
areas (flow chart provided in Appendix B). Most NMAs as-
sessed a pharmacologic intervention (n 5 62, 81%;
Table 1) and cardiovascular disease (n 5 17, 22%), then
five medical areas (anesthesia/intensive care, oncology/sup-
portive care, psychiatry/psychology, rheumatology, and
hepato-gastroenterology). The NMAs included a median
of 37 (interquartile range [IQR], 24e63) randomized trials
and assessed a median of 10 (IQR, 7e15) treatments. The
median delay between the first and the last included trials
was 21 (IQR, 15e28) years. The individual characteristics
and list of NMAs are in Appendices C and D.

3.2. Pace of evidence generation

Plots of exploratory analyses are in Appendix E. We did
not observe any link between the trend of pace of evidence
generation and medical area (Appendix F). Fig. 1 shows the
pace of evidence generation for the 77 NMAs over the last
10-year period: each NMA had three new trials included
per year, on average; 60 (78%) had fewer than four new tri-
als included per year, 12 (16%) had four to seven, and 5
(6%) had more than seven.

3.3. Feasibility assessment

3.3.1. Number of new trials to be included
The median number of new trials to be included in the

NMA was 0 (IQR, 0e1) with updates at 4 months, 1
(0e2) with updates at 6 months, and 2 (1e4) with updates
at 12 months (Fig. 2). For the whole set of NMAs, the num-
ber of new trials to be included in the NMAwas very close
for updates at 4 and 6 months but was quite different for
updates at 12 months.

To illustrate fast paces of evidence generation, we chose
two examples: our NMA assessing second-line treatments



Fig. 1. Pace of evidence generation for the 77 network meta-analyses (NMAs) over the last 10 years. On the left figure, each line represents an
NMA, the origin time corresponds to the last search date for each NMA. The right boxplot median and interquartile range represents the distribution
of the number of new trials included per year for the 77 NMAs. The bottom-right histogram represents the distribution of NMAs according to
different paces of evidence generation.
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of nonesmall-cell lung cancer [11] and the NMA with a
faster pace of evidence, which evaluated first-line treat-
ments for glaucoma [17]. In the first example, the median
number of new trials to be included in the NMA was 1.5
(IQR, 1e4.75) with updates at 4 months, 2.5 (1e5.25) with
updates at 6 months, and 5.5 (2.25e9.5) with updates at
12 months. In the second, the medians were 4 (2e5), 5
(4e7.25), and 10.5 (8.25e12.75), respectively.

3.3.2. Workload for an update
The average workload for an update was 4%, 5%, and

11% for updates at 4, 6, and 12 months, respectively
(Fig. 3). The third quartile of the workload reached 5%,
8%, and 16% for the three different update frequencies.

3.4. Sensitivity analyses

Sensitivity analyses of different periods (5 years and
1 year instead of 10 years) to calculate the number of
new trials to be included at each update gave consistent re-
sults (Appendix G).

For the 50 NMAs including fewer than 20 trials
(Appendix H), the three main medical areas were cardio-
vascular disease (n 5 10, 20%), infectiology (n 5 10,
20%), and surgery (n 5 8, 16%). The median number of
included randomized trials was 12 (IQR, 10e16),
treatments assessed 5 (IQR, 4e7), and median delay be-
tween the first and last included trials 14 years (IQR,
9e18). Each NMA included one new trial per year, on
average, with only seven NMAs (14%) including two to
three new trials per year (Appendix I). The median number
of new trials to be included in the NMA was 0 (IQR, 0e1)
with updates at 4 and 6 months and 1 (0e2) with updates at
12 months (Appendix J). The average workload for an up-
date was 5%, 7%, and 14% for updates at 4, 6, and
12 months, respectively (Appendix K).

Considering the medical area, we observed a large vari-
ability in the pace of evidence generationwithin the samemed-
ical area, which confirms that the pace of evidence generation
is specific to each clinical question (Appendices F, J, and L).
4. Discussion

In this study, we assessed the feasibility of living NMA
taking into account the pace of evidence generation across a
wide range of medical areas. Many NMAs (n 5 60, 78%)
had fewer than four new trials included per year. The
amount of work required to keep a living NMA up-to-
date was manageable compared with the considerable in-
vestment required to complete the initial NMA (about
10%). To help determine the update frequency, the pace



Fig. 2. Number of new trials to be included at each update. Box plots
of median and interquartile range.

Fig. 3. Workload of an update. The workload of an update is repre-
sented as a percentage of the initial workload. Box plots of median
and interquartile range. The red diamond represents the mean. (For
interpretation of the references to color in this figure legend, the
reader is referred to the Web version of this article.)
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of evidence generationdwhich is directly related to the
workloaddcan be assessed. The frequency of updating de-
pends on the clinical question, in most cases, but an update
frequency of 12 months seems reasonable. For the small
number of NMAs with a fast pace of evidence generation,
updates every 4 or 6 months should be preferred.

To our knowledge, this is the first study exploring the
pace of evidence generation to assess the feasibility of
living NMA and help determine the updating frequency.
The pace of evidence generation can be assessed by the
number of new trial reports retrieved by search equations
over time or the number of new trials selected at each up-
date. The workload of most steps of a living NMA (data
extraction, assessment of risk of bias, update of the
network, and synthesis) is associated with the number of
new trials included at each update. Moreover, the search
and screening steps can be automated in the future
[18,19]. Therefore, we decided to consider the pace of ev-
idence generation as the cumulative number of new trials
included in the NMA at each update.

The living systematic review network was recently pro-
posed ‘‘to incorporate relevant new information within a
maximum of 6 months of the information becoming avail-
able’’ [9]. However, the information will not become avail-
able at the same time for different research questions.
Therefore, we propose assessing the pace of evidence gener-
ation for each research question. Indeed, our findings showed
how the pace of evidence generation varies between the
different NMAs and within an NMA itself. To manage the
variability within NMAs (intravariability), we focused on
the last 10-year period of the pace of evidence generation.
Regarding the variability between NMAs (intervariability),
only one-fifth of NMAs had a fast pace of evidence genera-
tion (more than four new trials per year) and 6% a very fast
pace (more than seven new trials per year).

In this study, we assumed that all NMAs should be up-
dated, rather than considered that some NMAs should be
updated and others not because (1) determining which
NMAs need to be updated based on needs and priorities
without accepting a degree of arbitrariness is not easy
[20], and (2) NMAs performed by a Bayesian approach
are not affected by repeated updates. Our aim was to assess
the feasibility of living NMAs by focusing on its practical
aspectdall the steps up to posted results on a Web sited
excluding any considerations regarding the need for the up-
date. We considered that if the process was feasible, the
thorny and unsolved issue of the need for updating did
not need to be considered. Therefore, we show that, after
the substantial cost of producing the initial NMA, maintain-
ing the evidence up-to-date over time seems manageable
with a reasonable investment over time (about 10%). We
also acknowledge that we did not take into account the
question of publication, nor the transfer into guidelines,
because these remain important unsolved questions
requiring a specific answer for each clinical condition.

Our work may help authors determine the update fre-
quency in a living evidence synthesis process. We advise
analyzing the pace of evidence generation for the research
question and focusing on the last 10-year period to
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determine a fast or slow pace of evidence generation. In the
first case, authors should consider an update frequency of
every 4e6 months, and in the second, every 6e12 months.

Our sample of NMAs covered a wide range of medical
areas (17 different medical specialties). Our NMA charac-
teristics are congruent with previous studies [14,15,21,22].
We found great variability in the pace of evidence genera-
tion within the same medical area, which confirms that the
pace of evidence generation is specific to each clinical
question and must be analyzed at the level of each clinical
question. By selecting NMAs including more than 20 trials,
we focused our demonstration on large NMAs with a priori
the greatest pace of evidence and to ensure that we had suf-
ficient data. However, the sensitivity analysis assessing
NMAs including fewer than 20 trials showed a lower me-
dian number of new trials per year, close to 1, and a slightly
higher relative workload for an update compared with
NMAs including more than 20 trials (5%, 7%, and 14%
vs. 4%, 5%, and 11% for updates at 4, 6, and 12 months,
respectively). So, whatever the size of the NMA, the
amount of work required to maintain a living NMA up-
to-date is manageable, representing globally less than
15% of the initial workload.

We acknowledge that our study has several limitations.
First, we performed a retrospective study to analyze the pace
of evidence generation. If the pace of evidence generation is
suddenly modified, our proposals for the choice of update
frequency cannot be applied. Indeed, we chose to focus on
the last 10-year period to analyze the pace of evidence gen-
eration, which is probably oversimplified. Because the pace
of evidence generation for topics is prone to even out over
time, the update frequencies suggested in this study might
also need to be adapted over time. Second, we assessed
the workload considering only the number of new trials to
be included in the NMA at each update, not the number of
new trial reports retrieved by the search equation, which
may have underestimated or overestimated the overall work-
load in some cases. However, the number of new trial reports
should be proportional to the number of new included trials,
and therefore, the workload of an update should be similar.
Third, our evaluation of the workload is not optimal: we used
a proxy to have an idea of the workload for an update
compared with the initial workload. We considered the
workload up to the posting of results on the Web site and
not up to a publication. Indeed, the interpretation phase for
an update is reduced to the presentation of results with tables
and figures, excluding the time required to update the written
version of the article and format the submission. However,
we acknowledged that our evaluation mainly reflects the
time spent identifying studies, extracting the data, assessing
the quality, and performing statistical synthesisdsteps de-
pending on the number of new trials contrary to interpreta-
tion phase, which always requires the same time. As a
concrete example, for our NMA [11], we spent about
2 months for a 1-year update, representing 11% of the initial
workload (18 months).
To conclude, our findings suggest that living NMA
seems feasible. The updating frequency may be adapted
to the pace of evidence generation. For a similar workload,
the clinical question with a faster pace of evidence could be
updated every 6 months, whereas those with a slower pace
of evidence could be updated once a year.
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