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Abstract

Objectives: Systematic reviews (SRs) provide the highest level of evidence for clinical and policy decision-making but quickly become
outdated as new studies emerge. Updated systematic reviews (USRs) and living systematic reviews (LSRs) offer 2 frameworks to maintain
currency; however, statistical approaches for repeated updates of pairwise meta-analyses (PMAs) and network meta-analyses (NMA)
remain heterogeneous. This scoping review aimed to identify, categorize, and summarize existing methods for conducting updated
meta-analyses (primarily PMAs and, subject to available evidence, NMAs) in the context of USRs and LSRs, highlighting their properties,
as well as their reported advantages and limitations.

Methods: A scoping review was conducted to identify studies that described or compared methods for updating PMAs or NMAs within
USRs or LSRs. We followed the 2020 Joanna Briggs Institute methodology and searched across major bibliographic databases (MEDLINE,
Embase, the Cochrane Library, Cochrane CENTRAL, the Cochrane Methodology Register, ERIC, and PsycINFO) from inception to March
6, 2024. Gray literature and expert recommendations supplemented our literature search. Two reviewers independently screened records,
extracted data, and categorized methods.

Results: Of 2710 records identified, 51 studies and 1 companion report met the inclusion criteria. The studies were grouped into 9
methodological categories: Traditional/Cumulative Meta-analysis, Law of Iterated Logarithm, Shuster Sequential Method, Sequential
Meta-Analysis, Trial Sequential Analysis, Stochastic Curtailment, Adaptive Design, Likelihood Ratio Test, and Bayesian meta-analysis.
Most studies focused on USRs (72.5%) and PMAs (98%). Trial Sequential Analysis was the most frequently encountered approach (46/
51), while only 1 study described an extension to NMA. Methods varied widely in error control and ability to adjust for heterogeneity.
While most approaches addressed type I error, fewer considered type II error or heterogeneity.
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Conclusion: This scoping review provides the first comprehensive mapping of methods for updated and living meta-analyses. Despite a
range of available approaches, no single method demonstrated superiority across contexts. Further research should compare methods empir-
ically, develop accessible software to support reliable, continuously updated evidence synthesis, and extend frameworks to NMA, especially
as only a single methodological study was found for NMA. © 2026 The Authors. Published by Elsevier Inc. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Living systematic review; Updated systematic review; Updated meta-analysis; Network meta-analysis; Trial sequential analysis; Type I error

1. Background

Systematic reviews (SRs) are commonly used to synthe-
size the highest level of evidence from multiple sources
[1,2]. They follow a structured and transparent methodol-
ogy to support evidence-based decision-making and policy
development [1,2]. SRs aim to deliver thorough and objec-
tive answers to specific scientific questions by combining
the existing body of research [3,4]. As a result, they provide
a robust foundation for practice and policy recommenda-
tions, improving outcomes and ensuring more effective
resource use [4,5].

Up-to-date evidence is vital for informed decision-mak-
ing in medicine and health care, including health care pro-
viders, patients, and policymakers. However, the ever-
growing volume of medical literature makes it increasingly
difficult for SRs to stay current, as they can quickly lose
relevance as new evidence emerges [6,7]. The urgency of
this challenge became even more evident during the COV-
ID-19 pandemic, where decision-makers needed to rely on
rapidly changing evidence to make critical decisions,
thereby highlighting the importance of timely access to
high-quality, accurate, and relevant information [8]. To
address the issue of outdated SRs, 2 main approaches have
been proposed: updated systematic reviews (USRs) and
living systematic reviews (LSRs) [4].

The term USR is often misused to refer to types of SRs
that extend beyond the remit of USRs [9,10]. For example,
Runjic et al [9] found that 64% of SRs used the term ‘““‘up-
date’ to denote that the SR contained recent data. As such,
for the present scoping review, we refer to the stricter defi-
nition of USR proposed by Runjic et al [9], namely, as SR
in which “Authors clearly indicated in the manuscript
which previous SR they were updating, backed up with a
literature reference to the previous SR version.” In the
context of USRs, updates are often scheduled at set inter-
vals or triggered by the availability of substantial new find-
ings, which may be identified through a prioritization
process [11,12]. By updating and incorporating new evi-
dence, USRs maintain the relevance of the SR, thereby
ensuring subsequent recommendations or policies informed
by the USR remain evidence based and reflect the current
evidence [4].

In contrast to USRs, LSRs are a more agile strategy,
where SRs are continuously revised as new evidence
emerges [13]. This approach involves regular monitoring

and updating of the literature and should continue until 1
of 3 conditions is met [13—15]: (1) the SR is no longer a
priority for decision-makers, (2) the certainty of the evi-
dence is deemed high enough (eg, using the Grading of
Recommendations, Assessment, Development and Evalua-
tions framework [16]), or (3) it is unlikely that further
research will be conducted on the topic [13]. By maintain-
ing a constantly updated synthesis of the evidence, LSRs
aim to respond quickly to decision-makers’ needs [13].
While USRs and LSRs provide effective frameworks for
ensuring SRs remain current [17—19], challenges arise in
the context of updated pairwise meta-analyses (PMAs)
and network meta-analyses (NMAs). PMA refers to the sta-
tistical technique used to combine the results of multiple
studies comparing 2 interventions [3,4]. In contrast, NMA
extends this approach to simultaneously synthesize evi-
dence across multiple interventions [20,21]. As the number
of PMA or NMA updates increases, repeated significance
testing (or inference) inflates the cumulative (across multi-
ple updates) type I error rates (probability of rejecting the
null hypothesis when it is in fact true) and type II error rates
(probability of failing to reject the null hypothesis when it
is in fact false) [17—19]. Moreover, increased heterogeneity
inflates uncertainty and consequently increases the required
information size (RIS; eg, number of patients or events)
needed to achieve adequate statistical power [22—24].
Although multiple methods have been proposed to
address these challenges, there is no consensus on the
optimal approaches for conducting PMA and NMA in the
context of USRs and LSRs or even whether or not the prob-
lem should be addressed at all (despite evidence to indicate
the need to do so when making inferences from repeatedly
updated evidence) [15,22,23,25—29]. For example, Co-
chrane does not endorse the use of sequential methods for
meta-analysis [30]; however, trial sequential analysis
(TSA) and other sequential methods are commonly advo-
cated for by others [22,31—34]. Moreover, certain methods
are better suited to specific purposes. For example, sequen-
tial methods are intended to support early stopping deci-
sions rather than inferential validity across an indefinite
number of updates [15,22,24]. In contrast, other methods
such as Bayesian meta-analysis, while adaptable to such
an objective, are not designed to inform early stopping [35].
To address these challenges, the present scoping review
aims to identify and categorize existing methods for con-
ducting updated PMA or NMA in the context of USRs
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What is new?

Key Findings

e We synthesized methodological documents for
conducting meta-analyses in updated and living
systematic reviews. 51 articles and 1 companion
report where identified. We organized methods into
9 broad methods, spanning a total of 16 methods
and submethods.

e Most identified methods focus on controlling type I
error, while fewer explicitly address type II error or
heterogeneity.

o Trial Sequential Analysis was the most frequently
encountered approach, whereas extensions to
network meta-analysis were rare.

What this adds to what is known?

e Existing guidance on updating meta-analyses re-
mains fragmented, with emphasis typically placed
on type I error inflation. This review highlights a
wider range of methods and their characteristics,
including reported advantages and disadvantages.

e Sequential meta-analysis, is the only method which
has been extended to NMAs.

What is the implication and what should change

now?

e This synthesis may serve as a consolidated meth-
odological evidence base against which to compare
any newly developed methods and can be used as
the basis for future methodological research on
the topic of updated meta-analyses. Methodolog-
ical work should now focus on characterizing
meta-analyses of existing updated and living sys-
tematic reviews, comparing the statistical proper-
ties of the most promising methods identified in
this review (eg, through an empirical study of ex-
isting updated meta-analyses and simulations).
The eventual aim should be to develop a
consensus-based recommendation for how best to
update meta-analyses.

and LSRs and to summarize the evidence relating to their
observed characteristics.

2. Methods

The protocol for this scoping review was developed in
accordance with the updated 2020 Joanna Briggs Institute
methodology for scoping reviews [36] and was registered
on the Open Science Framework (https://osf.io/9¢c27g)

[37,38]. Reporting follows the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses extension for
Scoping  Reviews (PRISMA-ScR) guidance [39]
(Appendix A).

In this review, we included studies based on the
following participants, concept, context criteria:

e Participants: studies reporting on methods or compar-
ison of methods to conduct PMAs and NMAs in
USRs and LSRs.

e Concept: methods used to conduct PMAs and NMAs
in USRs and LSRs.

o Context: no limits to context, setting (eg, geography
or clinical context), field (eg, economics, law, envi-
ronmental sciences, engineering, and social sciences),
and type of USR or LSR (eg, including review of in-
terventions, prognosis, diagnostic test accuracy) were
applied.

Full details of the methods have been described in the
protocol registration and the published protocol [37,38].
A detailed summary is also provided in Appendix B along
with the full search strategy (Appendices D and E) and
screening and abstraction templates (Appendices F—H). A
list of minor deviations from the protocol can be found in
Appendix C.

3. Results
3.1. Literature search

From a total of 2710 records, 628 were duplicates, re-
sulting in 2082 titles and abstracts to be screened. We
excluded 1814 titles and abstracts, yielding 268 full-text re-
ports. Of the 268 full-text reports, we excluded 140 because
they were not relevant to the conduct of USRs or LSR (ie,
they were applied reviews), 75 because they did not report
on methods for updating a PMA, and 1 because we could
not retrieve the full text (Appendix J for the full list of
excluded studies). Subsequently, 51 original studies
[11,14,15,22,23,25,26,31—35,40—78] and 1 companion
report [79] were included (see Appendix I). The study se-
lection process is summarized in the PRISMA-ScR dia-
gram (Fig 1).

3.2. Study characteristics

Among the 51 studies, the earliest identified publication
was in 1997 (Fig 2). The median number of studies pub-
lished per year was 3 (IQR: 2-3.5), ranging from 0 to 7.
Most studies (with respect to the first author’s primary affil-
iation) were conducted in Europe (30/51, 58.8%), followed
by North America (18/51, 35.3%), and a minority in Asia
(1/51, 2.0%), Australia (1/51, 2.0%), and South America
(1/51, 2.0%). Of the 51 included studies, 39 (76.5%) were
published in journals, 6 (11.8%) in books, 3 (5.9%) in con-
ference proceedings, and 3 (5.9%) in theses. Most studies
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Figure 2. Bar chart showing the number of studies each year stratified by study type.



Table 1. Characteristics of the identified methods

Adaptive Stochastic Traditional
Method design Bayesian methods LIL LRT Shuster SMA curtailment MA/CMA TSA
Frequency 4 13 15 2 5 26 2 18 46
Review setting
USR 4 (100%) 11 (84.6%) 11 (73.3%) 1 (50%) 2 (20%) 15 (68%) 2 (100%) 16 (88.8%) 34 (74%)
LSR 0 (0%) 2 (15.4%) 3 (20%) 0 (0%) 3 (60%) 6 (23%) 0 (0%) 2 (11.2%) 6 (13%)
Both 0 (0%) 0 (0%) 1 (6.6%) 1 (50%) 0 (0%) 5 (19%) 0 (0%) 0 (0%) 6 (13%)
Type of meta-analysis
PMA 4 (100%) 10 (76.9%) 10 (66.6%) 2 (100%) 3 (60%) 20 (77%) 2 (100%) 16 (88.8%) 35 (76%)
NMA 0 (0%) 1 (7.7%) 0 (0%) 0 (0%) 0 (0%) 1 (4%) 0 (0%) 0 (0%) 0 (0%)
Both 0 (0%) 2 (15.4%) 5 (33.3%) 0 (0%) 2 (40%) 5 (19%) 0 (0%) 2 (11.2%) 11 (24%)
Model structure
Common effect 0 (0%) 0 (0%) 1 (6.6%) 1 (50%) 0 (0%) 1 (4%) 2 (100%) 0 (0%) 5 (11%)
Random effects 1 (25%) 1(7.7%) 4 (26.6%) 0 (0%) 0 (0%) 7 (27%) 0 (0%) 6 (33.3%) 7 (15%)
Both 3 (75%) 92.3%(12) 10 (66.6%) 1 (50%) 5 (100%) 18 (69%) 0 (0%) 12 (66.7%) 34 (74%)
Outcome type
Binary 0 (0%) 0 (0%) 2 (13.3%) 1 (50%) 0 (0%) 2 (8%) 0 (0%) 2 (11.1%) 8 (17%)
Continuous 0 (0%) 1 (7.7%) 2 (13.3%) 0 (0%) 0 (0%) 3 (12%) 0 (0%) 7 (38.9%) 3 (7%)
Any 4 (100%) 12 (92.3%) 11 (73.3%) 1 (50%) 5 (100%) 21 (80%) 2 (100%) 9 (50.0%) 35 (76%)
Effect size
considerations®”
Yes 4 (100%) 11 (84.6%) 12 (80%) 2 (100%) 4 (80%) 20 (77%) 2 (100%) 8 (44.4%) 39 (85%)
No/NA 0 (0%) 2 (15.4%) 3 (20%) 0 (0%) 1 (20%) 6 (23%) 0 (0%) 10 (55.6%) 7 (15%)
Heterogeneity
considerations®
Yes 1 (25%) 3 (23.1%) 5 (33.3%) 1 (50%) 1 (20%) 14 (54%) 2 (100%) 4 (22.2%) 20 (44%)
No/NA 3 (75%) 10 (76.9%) 10 (66.6%) 1 (50%) 4 (80%) 12 (46%) 0 (0%) 14 (77.8%) 26 (56%)
Transitivity
considerations®
Yes 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3 (12%) 0 (0%) 0 (0%) 0 (0%)
No/NA 4 (100%) 13 (100%) 15 (100%) 2 (100%) 5 (100%) 23 (88%) 2 (100%) 18 (100%) 46 (100%)
Consistency
considerations®
Yes 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 3 (12%) 0 (0%) 0 (0%) 0 (0%)
No/NA 4 (100%) 13 (100%) 15 (100%) 2 (100%) 5 (100%) 23 (88%) 2 (100%) 17 (100%) 46 (100%)

(Continued)
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Table 1. Continued

Traditional

Stochastic

Adaptive
design

TSA

MA/CMA

curtailment

SMA

Shuster

LRT

LIL

Bayesian methods

Method

Method of evaluation

1(2.1%)
3 (6.4%)
16 (30%)
[11,15,23,24,
31,32,34,40—43,

7 (38.9%)
0 (0%)

0 (0%)

0 (0%)

2 (8%)
1 (4%)

2 (40%)
0 (0%)

0 (0%)

0 (0%)

5 (33.3%)
0 (0%)

1(7.7%)

0 (0%)

3 (75%)
0 (0%)

Simulation

Empirical study

11 (61.1%)

[11,22,39,41,
42,44,54—57,

1 (50%)

6 (24%)
[14,15,22,23,
34,42-44,49-51,

2 (40%)
[44,54,67,68,76]

1 (50%)
[45,65,701

6 (40%)
[33,40,42,44,50,

4 (30.8%)
[14,31,34,39,40,

4 (100%)
[65,66,80]

Example
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58,6072,
74—76,78-80]

[44,63]
59,61,73,74] 47,48,50-55,

54,57,58,65—71,
75—78,801

54,55,65,66,68,69,
72,75,76,79,80]

49,51,53,55,65,
66,72,78,80]

Citations

LIL, Law of Iterated Logarithm; LRT, likelihood ratio test; LSR, living systematic reviews; NA, not applicable; NMA, network meta-analyses; PMA, pairwise meta-analyses; RCI, repeated Cl; SMA,

sequential meta-analysis; TSA, trial sequential analysis; USR, updated systematic reviews.

@ Important considerations of methods described by authors.

b This variable was abstracted as any information relating to biases in the effect size resulting from the updating process. Examples include the inflation of the type | and type Il error rates.

failed to report their source of funding (26/51, 51.0%), fol-
lowed by being publicly sponsored (23/51, 45.1%); and a
minority reported no funding for the research (2/51, 3.9%).

3.3. Methods characteristics

From the 51 studies, through discussion, the identified
methods were categorized into 9 broad categories for
updating PMAs and NMAs: Traditional Meta-Analysis/
Cumulative ~ Meta-Analysis  [11,22,40,42,43,45,55—58,
60,62,72,73], Law of Iterated Logarithm [25,34,41,43,
45,51,55,56,66,67,69,71,74,75,78,79], Shuster Sequential
Method [25,55,68,75], Sequential Meta-Analysis (SMA)
[14,15,22,23,25,26,35,43—45,50—52,55,58,59,66—70,74—77,
79], TSA [11,15,23,25,26,31—33,35,41—44,48,49,51—56,
59,61—71,73—=75,77—79], Stochastic Curtailment [45,64],
Adaptive Design [66,67,79], Likelihood ratio test (LRT)
[46,70], and Bayesian meta-analysis [14,31,35,40,
41,50,52,54,56,66,67,71,77,79]  (Table 1). In addition,
repeated Cls (a way of presenting SMA and TSA) were re-
ported in 3 studies [46,66,70]. The median frequency each
method was encountered in the included studies was 13
(IQR: 4-18), with a minimum of 2 (Stochastic Curtailment)
and a maximum of 46 (TSA) studies (Table 1).

Most of the studies were reported in the context of USRs
(37/51, 72.5%) and PMAs (50/51, 98%). Most methods (6/
9, 66.7%) were described for both common effect and
random effects analyses. Furthermore, all methods (9/9,
100%) were developed for any type of outcome (or were
agnostic of the outcome type) and reported some aspect
of bias or challenges in estimating the effect size arising
from repeated analysis.

Of the studies reporting on Adaptive design, 75% as-
sessed the method in a simulation study. The rest of the
methods had a relatively low proportion of studies assess-
ing them in a simulation study, ranging from 0% (LRT, Sto-
chastic Curtailment) to 40% (Shuster) (Table 1).

3.4. Description of methods

Among the 9 broad methodological categories, we iden-
tified 16 distinct methods and submethods (Table 2). Tradi-
tional PMA reestimates the pooled effect and between-
study heterogeneity each time new studies are added, treat-
ing each update as a separate meta-analysis. In contrast, cu-
mulative  meta-analysis (CMA) orders studies
chronologically and sequentially incorporates them one
by one, recalculating the pooled estimate and heterogeneity
at each step to illustrate the evolution of evidence over time
[11]. Two CMA submethods were identified: the stricter
alpha method, which applies a lower significance threshold
to mitigate inflation of the type I error rate, and the two-
stage CMA [42], which fixes the heterogeneity estimate af-
ter an initial stage and uses that stage’s pooled effect as the
null hypothesis for subsequent updates [50].
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Table 2. Detailed description of the methods and submethods identified in this review for conducting meta-analyses in USRs and LSRs

Method Submethod Description

Adaptive design P value combination Combines stage-specific P-values from successive cumulative meta-analyses
using a predefined combination rule (eg, Fisher's method). This approach
permits design modifications between updates—such as adding studies or
altering information size—while preserving the overall type | error rate
[65,66,80].

Proschan & Hunsberger Extends the P value combination framework by using a conditional error
function to recalculate critical boundaries after interim analyses. This
quantifies the remaining type | error under the null hypothesis, ensuring
valid inference following adaptive modifications [80].

Weighted combination Generalizes the P-value combination method by combining stage-specific z-
scores rather than P-values, with prespecified information-based weights
(eg, proportional to sample size or number of events). The resulting
weighted sum, normalized by the square root of the sum of squared
weights, follows an approximately standard normal distribution under the
null hypothesis and preserves the overall type | error while improving
efficiency when information per update differs [65].

Bayesian — Incorporates prior distributions for the effect and heterogeneity parameters,
updating posterior distributions with each new study. The posterior from
each update becomes the prior for the next, allowing continuous evidence
updating [34].

Law of Iterated Logarithm — Adjusts the conventional z-statistic with a penalty term to maintain the
nominal type | error rate across repeated updates, ensuring that the
statistic remains within predefined limits (eg, =1.96 for 95% Cls)
[33,501.

Likelihood ratio test . Uses likelihood ratios instead of P-values to evaluate hypotheses. Likelihood
ratios from each study are multiplied at each hypothesized effect size to
derive a summary test statistic [45,70].

Shuster sequential method — Uses prespecified stopping times based on the number of included trials.
Stopping occurs if either the maximum planned number of trials is reached
or the cumulative z-score exceeds the boundary at a given update [67].

Sequential meta-analysis Basic Approach Aims to provide valid inference when accrued information is less than or
equal to the required information size. Not designed for indefinite updating
of a meta-analysis. At each update, the pooled treatment effect, its
variance, and the corresponding z-score are recalculated. These statistics
are compared against prespecified stopping boundaries defined by a
spending function that allocates the allowable type | and type Il errors
(commonly 0.05 and 0.20). The required information size (RIS)
determines when the full error allowance is reached. If the z-score and
inverse variance cross a boundary before the RIS is met, the analysis can
be stopped early, indicating that additional evidence is unlikely to change
the conclusion. Boundaries identified in the included studies included
O’Brien—Fleming, triangular and inverse triangular, double triangular, and
Bolland safety boundaries, each suited to different contexts (eg,
superiority, inferiority, equivalence, or harm).

Semi-Bayes Places a prior on the between-study heterogeneity parameter (eg, based on
prior PMAs). The Bayesian estimate of heterogeneity is updated at each
iteration and then used as a fixed value in a frequentist PMA [22]. The
authors of the approach also derive an approximate semi-Bayes approach,
which avoids the need for numerical integration [22].

NMA-SMA Extends the SMA framework to network meta-analysis by defining a spending
function and monitoring boundaries for each pairwise comparison,
determining significance when a comparison-specific z-score crosses its
boundary [62].

Stochastic curtailment = Estimates the probability that an apparent trend (eg, treatment benefit) will
reverse with additional data, assuming no true difference between
treatment groups. If the probability of reversal is low, further updating may
be curtailed [63].

(Continued)
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Table 2. Continued

Method Submethod

Description

Traditional PMA/cumulative
meta-analysis

Basic approach and CMA

Stricter alpha

Two-stage cumulative meta-analysis

TSA Pogue and Yusuf

Contemporary TSA

Aims to provide valid inference when accrued information is less than or

equal to the required information size. Not designed for indefinite updating
of a meta-analysis. Traditional PMA reestimates pooled effects and
heterogeneity with each update. CMA adds studies sequentially in
chronological order, recalculating summary effects to visualize evidence
accumulation [571.

Applies a more conservative alpha threshold at each update to control the

type | error rate during repeated testing [41].

Estimates the effect estimate and heterogeneity using the first

(chronologically) 5-10 studies (stage 1)%2. Any updates after stage 1 use a
fixed heterogeneity (ie, as estimated in stage 1). Moreover, the summary
effect size estimated in stage 1 is used as the null hypothesis for
hypothesis testing at later stages.

Defines monitoring boundaries using the O’'Brien—Fleming function and

assumes the required information size equals that of a large, adequately
powered trial for the same interventions and assumed effect [63,64].

Extends the Pogue and Yusuf approach by adjusting the required information

size and monitoring boundaries for heterogeneity using |2 or D?. D?
quantifies the proportional reduction in variance when switching from a
random-effects to a common-effects model [24].

Several methods explicitly address repeated testing. The
Law of Iterated Logarithm (LIL) modifies the conventional
z-statistic with a penalty term to maintain the nominal type
I error rate across repeated updates [34,51]. The Shuster
Sequential Method defines stopping boundaries a priori
based on the number of planned updates, terminating the
analysis if the cumulative z-score exceeds the boundary
or the maximum number of updates is reached [7]. SMA
distributes the overall type I and II error rates across up-
dates using a spending function and compares cumulative
z-scores against prespecified stopping boundaries until the
RIS is achieved [22,74,76,77]. Four key boundary types
were identified: O’Brien—Fleming (superiority), triangular
and inverse triangular (superiority or inferiority), double
triangular (superiority, inferiority, or equivalence), and Bol-
land safety (harm detection; Table 3 for details regarding
the 4 boundaries) [77]. Extensions include the semi-Bayes
approach [22], which stabilizes heterogeneity estimation
using an informative prior, and sequential network meta-
analysis (SNMA), which applies an analogous framework
across multiple pairwise comparisons within a treatment
network [63].

On the other hand, TSA wuses the Lan—DeMets
O’Brien—Fleming spending function to establish moni-
toring boundaries [31,64,65]. The Pogue and Yusuf variant
estimates the RIS based on assumptions from large,
adequately powered trials [64,65], while contemporary
TSA adjusts for between-study heterogeneity using I? or
D? (Diversity) statistics to refine boundary estimation (see
Table 2 for a description of D2) [31,32]. Both SMA and
TSA can reduce the necessary number of patients required
when futility boundaries are incorporated, as updating of
meta-analyses can stop when there is a statistically

significant indication of futility [24], thereby potentially
reducing costs and the number of patients unnecessarily
subjected to inefficacious interventions.

Another method designed to manage repeated testing in-
cludes stochastic curtailment, which evaluates the probabil-
ity that an observed trend would change with further updates
and permits early stopping if that probability is low [64].

Within the broader adaptive design category [66,67,79],
3 submethods were identified: the P-value combination,
Proschan and Hunsberger, and weighted combination ap-
proaches. All 3 share a common foundation in adaptive
combination testing, which allows evidence from succes-
sive cumulative meta-analyses to be combined while pre-
serving overall type I error control, even when design
modifications are made between updates. The P-value com-
bination method aggregates update-specific P-values using
a predefined combination rule. The Proschan and Huns-
berger method extends this framework by using a condi-
tional error function (Table 3) to recalculate critical
boundaries following interim analyses, and the weighted
combination method generalizes the approach by
combining z-scores with information-based weights (ie,
weights proportional to the inverse of the variance of the
meta-analysis effect estimate).

Finally, the LRT approach combines likelihood ratios
across studies to derive a cumulative test statistic without
relying on P-values [46,70], while Bayesian meta-analysis
iteratively updates prior distributions for the treatment ef-
fect and heterogeneity with each new study, allowing pos-
terior estimates to evolve dynamically as evidence
accumulates [35].

Collectively, these methods reflect a continuum of stra-
tegies aimed at preserving statistical power control,
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Table 3. Summary of monitoring boundaries identified for use in
sequential meta-analysis based on Whitehead et al, 2002 [78]

Boundary type Description

Restricted design This stops early only if one treatment
is substantially superior to the
other; it does not stop for futility. It
is suitable when the full sample size
is required to assess other
outcomes, such as safety, while still
permitting early stopping for strong
benefit.

Allows early stopping when there is
sufficient evidence that the new
treatment is significantly better
than control, or when it is unlikely
that a difference will be shown
(futility). It is most appropriate for
efficacy outcomes, when interest
lies in demonstrating superiority.

Triangular boundary

Reverse triangular
boundary

Same as triangular boundary but for
inferiority.

Double triangular
boundary

Formed by combining a triangular and
reverse triangular test, this design
has high power to detect both
superiority and inferiority and can
also be used to assess equivalence
when the estimated treatment
effect lies within a prespecified
range. It is efficient for efficacy
outcomes when both benefit and
harm are of interest.

Bolland safety
boundary

Intended for safety variables, this
design recommends stopping as
soon as there is sufficient evidence
that the new treatment is worse
than control. If no harm is shown,
data collection continues to meet
the power requirement for the
primary efficacy variable.

validity, and interpretability in the context of repeatedly up-
dated evidence synthesis. Specific details regarding each of
the methods and submethods can be found in Table 2.

3.5. Properties of the methods

In Figure 3, we summarize the central properties of each
method, focusing on the advantages and disadvantages as
reported across the included studies. We summarize the
findings here.

3.5.1. Error control

All the methods and submethods except for traditional
PMA and stochastic curtailment address type I error. How-
ever, as heterogeneity increases, it becomes difficult to con-
trol for type I error using adaptive designs [79].
Furthermore, using the LIL method, when the number of
updates is large, the method may have a limited impact
on controlling the type I error [34,51].

In contrast, type II error was reported less frequently in
the literature—it was not accounted for in the LIL, Shuster,
Stochastic curtailment, traditional MA/CMA methods, or
the Pogue & Yusuf TSA approach.

3.5.2. Validity and adjustment

The 2-stage CMA partially controls for type I and type II
error rates and does not require an RIS, thereby providing
unbiased summary effect estimates at each update [58].
However, 2-stage CMA has poor control of error rates when
heterogeneity is large [58].

The LIL, Shuster, traditional PMA/CMA, traditional
SMA, and stochastic curtailment fail to account for hetero-
geneity. In the case of SNMA, several approaches have
been proposed for incorporating heterogeneity, including
a semi-Bayes approach with external heterogeneity esti-
mates [63]; however, further work is needed to determine
what the optimal approach is. A related issue arises
regarding robustness against the misestimation of heteroge-
neity, which can be particularly problematic at early up-
dates (ie, when few studies are included) [22]. The only
methods that explicitly deal with heterogeneity misestima-
tion completely or partially are the Bayesian method, Shus-
ter, semi-Bayes SMA, and SNMA.

The last essential characteristic relates to whether the in-
formation fraction increases as new studies are added. Ordi-
narily, this is expected as more studies and patients would
usually increase the precision. However, when informa-
tion-based sequential approaches are applied, increased het-
erogeneity can cause the information fraction to decrease
[15,25].

3.5.3. Extensions and advanced considerations

SMA was the only method identified for updating an
NMA [63]. It was noted that (1) heterogeneity in NMA
may increase or decrease as more interventions and loops
are added [25]; (2) SNMA assumes consistency between
direct and indirect evidence, which may not hold in all up-
dates, thereby rendering the analysis biased; (3) as new
studies are added, a shift in the network may occur from
satisfying assumptions to violating them; and (4) at early
updates, small sample sizes often hinder the power needed
for reliable inference about consistency and heterogeneity
[25].

While most of the models can be defined analytically,
the LIL methods, Bayesian method, and semi-Bayes
SMA require simulation- and sampling-based approaches,
thereby requiring more advanced software.

4. Discussion

This review identified and categorized existing methods
for conducting pairwise and network meta-analyses in the
context of USRs or LSRs. Across 51 studies, 9 broad meth-
odological approaches were identified, ranging from
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Controls type I error
Controls type II error m

Accommodates early
stopping

Sample size requirements|
can change between
updates

Does not require an
update after each new

n
study is identified
Does not require a priori
specification of required Y Y NG G
information size

Does not require a priori
specification of required
number of updates
Does not require a priori

specification of effect

size

Does not require a priori
specification of statistical
power
Does not require a priori

specification of prior
distribution

Adjusts for heterogeneity!|
Adjusts for misestimation|
of heterogeneity

Information fraction
does not decrease as new
studies are added

Accommodates different
spending functions
Model can be derived
analytically

Appropriate for rare-
event analyses

Gr

Adaptive Design Bayesian| LIL | LRT | Shuster SMA SC| Traditional MA/CMA TSA
. . . . . Pogue
Sub methods P-value | Proschan & | Weighted Basic |Semi-|NMA- Basic | Stricter | Two-stage & Contemp.
Comb. |Hunsberger| Comb. Method | Bayes| SMA Method| Alpha| CMA Yusuf TSA
Error Control

Flexibility and Design

Validity and Adjustment

Figure 3. Figure comparing properties of each identified method and submethod as reported by articles referencing each method Green indicates
that at least one included study reported this property for the specific method/sub-method. Yellow indicates that at least 1 included study partially
reported this property for the specific method/submethod. Gray indicates that no study reported this property for the specific method/submethod.
Red indicates that at least 1 included study reported that the method/submethod does not contain this property. (For interpretation of the refer-
ences to color in this figure legend, the reader is referred to the Web version of this article.)

traditional cumulative to more advanced sequential ap-
proaches and adaptive frameworks. Despite the number of
approaches, consensus remains elusive regarding the
optimal strategy for repeatedly updating the meta-analyses
in USRs and LSRs. Nonetheless, many authors advocate for
sequential approaches—especially TSA—to mitigate in-
flated type I and type II error rates. A striking result of this
scoping review was that we only identified a single study
developing the topic of updated NMAs. This remains an
underexplored area, possibly because of the complexities
discussed in Section 3.5.

It is also worth noting that Bayesian methods do not
solve the problem explicitly. Rather, Bayesian meta-anal-
ysis redefines the inferential problem by incorporating prior
specification, posterior uncertainty estimation, and decision
thresholds, such that quantities such as type I error are not
applicable. Beyond the Bayesian context, the availability of
software for updating meta-analyses remains a challenge.

The included studies provided software or code infre-
quently for the proposed or evaluated methods, with the
most available being for TSA (through the Copenhagen
Trial Unit) [80]. More recently, the RTSA package was also
released for undertaking TSA in R [81]. Overall, and espe-
cially in light of the lack of an optimal strategy for updat-
ing, authors of SRs should clearly articulate their strategy
for dealing with multiplicity at the protocol stage. Such
guidance has already been provided by Asante et al [82]
when TSA is the intended strategy; however, this degree
of transparency and forethought should also be the default
when other strategies are selected.

This review has several strengths. To our knowledge, it
is the first to systematically map methodological ap-
proaches for updated and living meta-analyses. The review
followed a registered protocol, used a peer-reviewed search
strategy, and adhered to Joanna Briggs Institute methodol-
ogy for scoping reviews and PRISMA-ScR reporting
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guidelines. In addition, it offers a structured summary of
methodological properties, strengths, and limitations.

Several limitations should also be acknowledged. First,
some relevant studies may have been missed due to data-
base indexing limitations, and our eligibility criteria were
restricted to studies explicitly addressing updated or living
meta-analyses, potentially excluding adaptable stand-alone
methods. Second, we excluded applied USRs and LSRs; as
such, it is possible that additional methods were described
in a subset of those USRs or LSRs. However, we expect any
resulting selection bias to be minimal. Third, few studies
provided implementation guidance or software, limiting
reproducibility and real-world uptake of the identified
methods. Fourth, the date of our last search was over a year
ago. However, to the best of our knowledge, no new meth-
odological approaches for updated and living meta-analyses
have been published since that time; as such, we consider
the review to remain current.

Future work should prioritize developing and validating
methods for updated NMA, empirically comparing candi-
date approaches, and integrating these into accessible soft-
ware packages. Simulation studies are also needed to assess
the statistical performance of competing methods under
realistic update scenarios (including the ability to manage
type I and II error rates), alongside empirical evaluations
of how these methods are applied in practice. These are
ongoing studies that our team is presently working on.
Moreover, a study evaluating the barriers and facilitators
contributing to the wide adoption of methods for updating
meta-analyses would be a valuable contribution to the liter-
ature. Collectively, these efforts will help establish best-
practice standards for repeated evidence synthesis in dy-
namic evidence environments.

5. Conclusion

This scoping review highlights various methods for
continually updating PMAs and NMAs within USRs and
LSRs. Each approach offers distinct strengths and limita-
tions, often striking different balances between controlling
type I error, type II error, and evolving heterogeneity. No
method was universally reported as superior based on the
properties we described and according to what was reported
in the original studies. As such, further work is needed to
have a strong evidence base for a concrete recommendation.
Future work should focus on head-to-head method compar-
isons, developing clearer guidance on selecting and report-
ing sequential approaches, and developing methods for the
NMA context, all of which will enable more rigorous and
timely evidence syntheses that inform policy and practice.
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