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The ability to predict the onset or
natural history of an illness, or how
people may respond to a treatment,
guides clinical decision making. These
predictions are commonly based on
prognostic factors: clinical, patient, or
societal variables that are identified as
being predictive of a certain future
outcome. Prognostic factor research
has increased across fields, with a
subsequent increase in the number of
systematic reviews of prognostic
factors studies. Understanding the
quality of such prognostic factor
reviews is essential for confidence in
their findings, but there is no quality
appraisal instrument to specifically
assess systematic reviews of
prognostic factor studies. A
MeaSurement Tool to Assess
systematic Reviews of Prognostic
Factor studies, AMSTAR-PF, has been
developed to fill this gap.

Prognosis research encompasses a range of methods
and goals,’ > and has been split broadly into four
branches, detailed in the PROGRESS (prognosis
research strategy) series of papers.>® Fundamental, or
overall, prognosis research details the average course
of health related conditions in a particular population
and setting.? Prognostic factor research aims to identify
factors that are associated with the risk of certain
outcomes occurring.” Prognostic model research

SUMMARY POINTS

Research into prognostic factors is vital for many areas of healthcare

Confidence in the findings of systematic reviews of prognostic factor research
can be compromised in a variety of ways

AMSTAR-PF (A MeaSurement Tool to Assess systematic Reviews of Prognostic
Factor studies), based on AMSTAR 2, has been developed, refined, and tested
AMSTAR-PF uses signalling points and 19 questions over 14 domains to assist in
coming to an overall judgment of confidence in the results of the review
Providing a standardised and reliable tool to appraise review quality will assist
users to ascertain confidence in the review’s findings
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concerns the development, validation, or impact of a
prognostic model to estimate an individual’s risk of
a future outcome occurring.! > Stratified healthcare
research uses prognostic information to tailor
treatment to individuals.®

Knowledge of prognostic factors can form the basis
for providing an individual with their likely prognosis,
as well as being a building block for prognostic models,
and a potential means of stratifying individuals into
optimal treatment regimens.” Prognostic factors can
be drawn from a range of biopsychosocial domains,
including clinical features (eg, tumour grade, blood,
imaging or electrophysiology test results, pain levels,
omics results), personal characteristics (eg, age,
marital status, gender), psychological factors (eg,
comorbid mental health problems, injury beliefs,
motivation), and societal factors (eg, geographical
location, healthcare availability, local environment).
However, before implementation into healthcare, the
supporting evidence must be reliable.

The number of prognostic factor studies published
each year is increasing,® ° many with uncertain or
conflicting findings. Consequently, the number of
systematic reviews seeking to synthesise, pool, and
consolidate prognostic factor knowledge is also
increasing.'® Hoffman and colleagues'® estimated
a 20-fold increase in the total number of systematic
reviews between 2000 and 2019, with 80 studies
being published daily in 2019 across all research
types. Between 2000 and 2004, 3.2% of all systematic
reviews were classified as looking at causal links and
risk; between 2015 and 2019, this proportion had
increased to 22.8%.'° However, substantial doubts
remain about the quality of published systematic
reviews, not only of prognostic factors, but also across
the full range of research types.'*™® This uncertainty
is important because these reviews often form the
basis for policy and practice change, which makes
the veracity of their findings immediately relevant to
population level health outcomes.

Therefore, being able to determine the quality of
the methods and content of published prognostic
factor systematic reviews is critical. Prognostic
factor research has a range of areas where quality
can be compromised; some areas—such as the
presence of a pre-registered protocol; clear research
question; comprehensive search; non-selective
reporting; and transparent and methodologically
sound article selection, data extraction, and risk of
bias assessment—are common to a range of research
types, albeit sometimes with a different focus or
methodology. Other important threats to validity
that are not captured by other quality appraisal tools
are specific to prognostic factor research, such as
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Initial development

classification of prognostic factors and outcomes,
adjustment factors, comparator and other prognostic
factors, and appropriate calculation of prognostic
effect sizes. This research directly informs policy
and practice, so it is imperative that knowledge and
methodology specific to prognostic factors are used
to systematically appraise research, in both general
areas of potential limitations of quality, as well as
the domains specific to prognostic factors.*® Tools to
appraise the quality of primary studies of prognostic
factors exist, for example, the QUIPS (quality in
prognosis studies) tool,*> but to our knowledge there
is no dedicated tool to critically appraise the quality
of systematic reviews of prognostic factor studies.
We developed AMSTAR-PF (A MeaSurement Tool
to Assess systematic Reviews of Prognostic Factor
studies) to deal with this specific need.

AMSTAR-PF is based on AMSTAR 2 (A MeaSurement
Tool to Assess systematic Reviews, version 2),'® which
was developed to appraise systematic reviews of
interventions. AMSTAR 2 evolved from AMSTAR' by
incorporating important feedback about the original
AMSTAR, and adapting the tool to incorporate non-
randomised, as well as randomised, interventional
studies. AMSTAR-PF resembles AMSTAR 2 in several
aspects of its content and guidance notes, but it has
been comprehensively remodelled to deal with broad
quality issues specific to prognostic factors, and with
additions to allow systematic appraisal of issues that
are unique to such research. Furthermore, alterations
to the answering options allow more nuanced

Initial meetings and drafting of AMSTAR-PF

Surveys

Core authorship team
Six online meetings

l Version 1.0

Survey of CPMG core memebers

Open ended survey of core members of CPMG (n=23)

l Version 2.0
Survey of full CPMG mailing list

Open ended survey of full mailing list of CPMG (n=207)

Pilot testing

l Version 3.0
Pilot 1

Two appraisers each assessed six articles (12 appraisals)

l Version 4.0
Pilot 2

Ten appraisers each assessed 2-15 articles (90 appraisals)

l Version 5.0
Pilot 3

14 appraisers each assessed eight articles (112 appraisals)

}

AMSTAR-PF
Final version

Fig 1 | Diagram of steps to developing AMSTAR-PF (a measurement tool to assess
systematic reviews of prognostic factor studies). Feedback received was used at each
step of the process to progressively redraft the AMSTAR-PF tool and guidance notes.
CPMG=Cochrane Prognostic Methods Group
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recording of limitations and align it with a range of
other appraisal tools.

Development of AMSTAR-PF

Initial stages and internal development

An overview of the entire development process is
outlined in figure 1. In order to optimise efficiency,
utility, and confidence in the new tool, we gathered
a core research group that included experts who had
developed tools and guidance for the following:

o AMSTARY and AMSTAR 2% (www.amstar.ca)
(BJS)

e ROBINS-I (risk of bias in non-randomised studies
of interventions)'® and ROBINS-E (risk of bias in
non-randomised studies of exposures; both www.
riskofbias.info,)" (BJS)

e ROBIS (risk of bias in systematic reviews; www.
bristol.ac.uk/population-health-sciences/
projects/robis/robis-tool)*° (BJS, KGMM)

e PROGRESS partnership®>® (RDR, KGMM)

e PROBAST (prediction model risk of bias
assessment tool) and PROBAST+AI (www.probast.
org)*"*3 (KGMM, RDR, LH, JAAD)

e TRIPOD (transparent reporting of a multivariable
prediction model for individual prognosis or
diagnosis; www.tripod-statement.org) papers**2®
(KGMM, RDR, LH)

e CHARMS (checklist for critical appraisal and data
extraction for systematic reviews of prediction
modelling studies)?” (KGMM)

e QUADAS-2 (updated quality assessment of
diagnostic accuracy studies)*® (KGMM)

e Guidance for using GRADE (grading of
recommendations, assessment, development,
and evaluations; www.gradeworkinggroup.org)
for prognosis®®*° (RDR, BJS).

The core research group had an initial online
meeting in July 2020 to discuss the need and optimal
development approach for a quality appraisal tool
specifically for systematic reviews of prognostic
factors. We considered a range of tools on which to
base the new tool. Deepest consideration focused
on AMSTAR 2'¢ and ROBIS.*® AMSTAR 2 is widely
used to appraise systematic reviews of interventional
studies; ROBIS was designed to appraise risk of
bias in systematic reviews of a range of study types
including prognosis, but was not considered specific
or detailed enough to optimally manage prognostic
factor reviews. We first created prognostic factor
versions of both AMSTAR 2 and ROBIS. For AMSTAR
2, we added or substituted prognostic factor specific
terms and items for the interventional items. For
ROBIS, we focused on signalling only relevant to
prognostic factors. We reviewed these two versions,
considering their applicability and efficiency and
comparing commonalities and differences within the
domains. The overlap between these two modified
tools was considerable, but they primarily differed in
their focus—AMSTAR 2 being a quality appraisal tool
and ROBIS being a risk of bias tool. Quality appraisal
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considers risk of bias, but also the external validity and
the reporting quality of the reviewed article.>! Through
further discussion, we concluded that AMSTAR 2
had a more user friendly format and provided a more
complete skeleton for appraising overall quality, not
just risk of bias.

The core research group also considered research
that compared AMSTAR 2 and ROBIS in interventional
studies. One study identified superior agreement
among users and faster completion when using
AMSTAR or AMSTAR 2 than when using ROBIS for
interventional systematic reviews.>> Another study
showed a preference among healthcare students for
AMSTAR 2, reporting that AMSTAR 2 was clearer and
easier to follow than ROBIS.* Similar preferences have
been reported by other researchers.>* 3> ROBIS was
designed for a range of different review types, and its
wider generalisability may come at the cost of utility,
especially for content-naive researchers. AMSTAR 2
has been widely used since its publication in 2017,
and we predicted that many researchers would be
familiar with it, which may aid ease of use and uptake
of AMSTAR-PF. We reached 100% consensus within
the core research group to use AMSTAR 2 as the basis
for our new tool.

Having drafted an initial AMSTAR-PF, replacing
AMSTAR 2’s interventional focus with prognostic
factor specific adaptations, we appraised this draft
through extensive group discussion and considered
further changes. We considered the relevance of each
AMSTAR 2 domain in turn; additional domains or
signalling points that needed to be created; and the
structure and format of response options for both the
individual domain questions and overall judgment.

Through a comprehensive iterative process that
included email collaboration and six online meetings
of the core research group between July 2020 and July
2021, drafts of AMSTAR-PF were created, reviewed,
and revised. In July 2021, we had a finalised version
1.0 of the AMSTAR-PF tool, and then developed
guidance notes. This version 1.0 of AMSTAR-PF tool
and guidance notes was then sent for external review
and feedback.

External review and feedback

The external feedback process and pilot testing were
approved by the human research ethics committee of
the University of South Australia (ID 203954, 206951),
and participants gave informed consent to participate.
We emailed the draft tool and guidance notes to the
core members of the Cochrane Prognostic Methods
Group (n=23), because this group was considered to
have substantive expertise in prognostic research.
The tool and guidance notes were accompanied by
an anonymous survey (supplementary file 1A) that
covered areas of redundancy, missing domains or
questions, and the relevance and utility of each
domain and of the tool as a whole. Responses were free
text boxes. No questions were compulsory. Survey data
were collected between 25 October and 27 November
2021 and managed using REDCap (Research Electronic
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Data Capture) electronic data capture tools hosted at
the University of South Australia.’®>” We received 17
responses; nine responses provided written feedback
on the tool or guidance notes or both, and the
remaining eight responses contained no information.
The core research group then met online to discuss this
feedback and made further revisions to the tool and
guidance notes, thereby generating version 2.0 of the
AMSTAR-PF tool and guidance notes.

AMSTAR-PF version 2.0 was then distributed, with
the same anonymous REDCap survey described above,
to the full mailing list of the Cochrane Prognostic
Methods Group (n=207), who were permitted to share
the email with colleagues they believed would have
relevant expertise. Feedback was collected between
29 April and 27 May 2022. Twenty one responses were
received; nine provided written feedback on AMSTAR-
PF, the guidance notes or both. The authorship team
reviewed the feedback, and as a result we developed
a Microsoft Excel spreadsheet with an auto-populating
summary page of question responses, as part of
AMSTAR-PF version 3.0 and guidance notes.

Pilot testing

Three rounds of pilot testing occurred using 26
different appraisers. Twenty five of the appraisers
were independent of the tool development; they
volunteered following an email inviting participation
that had been sent to a research group email list,
or were asked because they were in the process of
completing an umbrella review of prognostic factor
studies (supplementary file 1B includes background
information of the testers and supplementary file 1C
includes details of the systematic reviews appraised).

Initial testing (pilot 1) of version 3.0 of AMSTAR-
PF was performed by two PhD students who were
independent of the tool development process. They
independently appraised a convenience sample
of six systematic reviews of prognostic factors for
cardiovascular disease, and then provided appraisal
results and qualitative written feedback on their
experience of using the tool. The students had
previously performed quality appraisals as part
of systematic and umbrella reviews, including of
prognostic factor research. This feedback led to very
minor changes and generation of AMSTAR-PF version
4.0 and guidance notes.

A testing protocol for pilot 2 was pre-registered on
the Open Science Framework (osf.io/3cgz9). Pilot 2
involved 10 appraisers (PhD students, postdoctoral
researchers, and clinicians). One appraiser had been
involved in developing AMSTAR-PF (MLH); nine
appraisers had not. The appraisers used AMSTAR-
PF version 4.0 to appraise 23 systematic reviews,
which investigated prognostic factors for chronic
pain (n=14), brain injury (n=6), post-traumatic stress
disorder (n=2), and lymphoma (n=1), and included
both narrative syntheses and meta-analyses. All the
review articles were appraised independently by two
or more appraisers, with 90 completed appraisals in
total. All appraisers were invited to provide qualitative
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Table 1 | Gwet’s agreement coefficient for interrater, interpair, and intrapair agreement in pilot 3% using AMSTAR-PF

version 5.0
Interrater agreement

Domains (all answering options) 0.59 (0.21-0.90)*

Interpair agreement
0.61 (0.24-0.91)*

Intrapair
0.75 (0.45-0.95)t

Domains (collapsed) 0.72 (0.37-0.96)*

0.73 (0.36-0.96)* 0.83 (0.63-0.97)t

Overall appraisal 0.46 (0.30t0 0.62)%

0.46 (0.17 to 0.74)% 0.68 (0.22-1.00)*

Gwet’s agreement coefficient was calculated unweighted for nominal data (questions 2b, 7¢, 9a, 9b, 10, and 12, which include a “not applicable”
option), and with linear weighting for ordinal data (remaining 13 questions, and the overall appraisal).
AMSTAR-PF=a measurement tool to assess systematic reviews of prognostic factor studies.

*Data are mean (range).
tData are mean (range of means).
$Data are the coefficient and 95% confidence interval.

feedback on the usability and acceptability of the tool,
with eight providing feedback on their experiences.
There were deviations from protocol (supplementary
file 1D). Three reviewers were unable to complete their
full quota of appraisals. Feedback received during pilot
2 suggested that further revisions would be beneficial,
so a planned agreement analysis was not undertaken
on pilot 2 in favour of making updates to the tool and
guidance notes, then completing another pilot test
and calculating agreement on the updated version.
Reaching a final conclusion on the quality of each
review was reported as being difficult, so it became a
focus of revision. We had consciously avoided being
too prescriptive in our instructions for deciding the
overall quality of the review, but feedback from many
appraisers suggested that a certain amount of guidance
would be helpful as a starting point.

Additionally, two expert researchers, with
substantial experience in prognostic research,
reviewed AMSTAR-PF version 4.0 and guidance notes,
and provided feedback. Minor revisions were then
made, thereby generating AMSTAR-PF version 5.0.

Finally, we undertook a third pilot test (pilot 3)
on AMSTAR-PF version 5.0. The protocol for pilot 3
was pre-registered on the Open Science Framework
(osf.iofacrwf) and is described in detail elsewhere.>®
We deviated from the original protocol by our use
of Gwet’s agreement coefficient rather than kappa
scores (supplementary file 1D). Pilot 3 involved eight
systematic reviews, two each on prognostic factors for
cancer, brain injury, lower back pain, and covid-19.
The articles were appraised by 14 appraisers (11
female and three male, ranging in experience from
undergraduate student to postdoctoral researcher)
using AMSTAR-PF version 5.0 and guidance notes.
No appraisers had been involved in the development
of AMSTAR-PF, nor in any earlier feedback or testing
rounds. On completion of pilot 3, these appraisers were
also given the opportunity to provide feedback on any
aspect of the tool and guidance notes. That feedback,
along with analysis of each domain’s agreement
scores,*® was used to make final minor changes to the
guidance notes, signalling points and wording of the
questions, and thus develop the final AMSTAR-PF tool
and guidance notes.

Agreement and usage time
Interrater, interpair, and intrapair agreement data
from pilot 3 are summarised in table 1 and provided

in detail elsewhere, alongside individual domain data
and information on agreement over time.® Agreement
was calculated twice for the domains, using Gwet’s
agreement coefficient’®: once with full answering
options (yes; probably yes; probably no; no; and, for
some questions, not applicable), and once with “yes”
and “probably yes” collapsed into a single positive
category and “no” and “probably no” collapsed into
a single negative category. Agreement was moderate,
substantial, or almost perfect for most domains,
according to Gwet’s application® of Landis and Koch’s
benchmarks.*! Variability was noted between raters and
between pairs.>® Agreement was higher with collapsed
answering options, and intrapair agreement was
routinely higher than interrater or interpair agreement.
Mean time to complete quality appraisal across all
articles was 39 (standard deviation 15) minutes. Mean
time to reach consensus was 11 (7) minutes.>®

AMSTAR-PF tool

AMSTAR-PF contains 19 questions grouped into
14 domains. These domains are listed below, with
justification and explanations about their content.
The domains are arranged similarly to AMSTAR 2, and
broadly follow the regular layout of a systematic review,
from methods to results and discussion. The complete
tool and guidance notes are included in supplementary
materials 2A-C, and we encourage readers to refer to
the guidance notes for more comprehensive detail on
the included questions.

AMSTAR-PF domains

1. Research question

Systematic reviews of prognostic factors should
have a clear, predefined research question with
appropriate depth of information. PICOTS’ ?” provides
a framework for important information in prognostic
factor research, and represents the population, index
prognostic factors, comparator or other prognostic
factors, outcome, timing, and setting. Having this
information clearly detailed allows for a logical step
to inclusion and exclusion factors, and for readers to
judge the relevance of the review for their own practice
or research.

The elements of PICOTS should be described in
a way that makes the review question clear and
reproducible, whether the authors choose to strictly
define the parameters of a certain element or leave it
more open and inclusive.
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2. Pre-registered protocol

It is recommended that a systematic review is clearly
planned, and that this process is documented in a
protocol before commencing the review. Documented
plans help as a safeguard to ensure that important
methodological or analytical decisions are not
based on findings made during the conduct of the
review, and hence are an important step to minimise
bias. The protocol should be registered and made
publicly available by the time the systematic review is
published, to enable readers to compare the protocol
to the review conducted. Any deviations from the
protocol should be documented and justified in the
systematic review.

The AMSTAR-PF tool divides this domain into two
questions, to clearly deal with both the presence of a
publicly available pre-registered protocol (question
2a), and how any deviations from the protocol are
handled (question 2b).

3. Included study designs and types

Authors should state which study designs are
eligible for inclusion in the review. Prospective and
retrospective cohort studies, case control studies,
registry data, and data from randomised trials may
be included, because all can give information on
prognostic factors, although with potential different
methodological issues to consider. Prospective cohort
studies are seen as the ideal design for prognostic
factor research, because researchers have maximum
control over timing and types of prognostic factor and
outcome measurements. Other study designs are more
likely to have weaknesses, although are often easier
and cheaper to run, and so are likely to be encountered
in the reported research.

As well as different study designs, studies with
different primary objectives may be included. Most
commonly, studies of prognostic factors will be the
source of evidence in a systematic review of prognostic
factors, although in certain situations, prognostic
modelling studies (ie, that aim to develop a model
for individual risk prediction) or causal research can
provide information about prognostic factors.

Decisions made by review authors on the types and
designs of studies eligible for inclusion in a review
can have repercussions on bias and heterogeneity and
may necessitate separate synthesis when calculating
prognostic factor effect sizes.

4. Search strategy
A comprehensive search strategy is a vital component
of a systematic review of prognostic factors.*? > The
search strategy should be wide-ranging enough to
ensure all relevant studies are captured and allow for a
complete synthesis of available evidence. A systematic
review founded on an inadequate search may be
missing important data and hence give an unreliable
picture of the current state of evidence on a topic.
What constitutes a comprehensive search strategy
will be different in different topic areas, as well as for
different prognostic factors and outcomes. Appraisers
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are encouraged to consider the signalling points listed
as well as any other potential sources of data relevant
to the systematic review topic and aims.

5. Process for evaluating and including studies

At least two review authors should independently
determine the eligibility of each study found in the
search for inclusion into the systematic review. This
process commonly involves a two stage process,
whereby an initial screen is performed on title and
abstract, followed by a secondary screening of the
full text of all potentially relevant articles. While the
process may differ in different reviews, at least two
independent reviewers should be involved at each
point of the decision making process. A plan for
resolution of disagreements should be described.

6. Excluded studies

All potentially relevant studies that were read at the
full text stage should be listed with a justification
for exclusion of each. This step is important to allow
readers to judge the validity of the systematic review
and applicability to their own research or practice.

7. Data extraction

At least two assessors should independently extract
the necessary data from the included studies, and a
plan should be followed to resolve any disagreements.
Having two independent extractors helps to minimise
the risk of errors in this process.

The data extracted from the included studies is
likely to vary depending on the aims of the prognostic
factor review.?” However, all included studies should
be described in adequate detail to allow readers to
assess the appropriateness of each study’s inclusion
and relevance.

Prognostic factor effect estimates and their precision
from primary studies may be derived in different
ways and presented in different formats, which can
make extraction for the review challenging. In certain
situations, authors of systematic reviews may have
needed to calculate prognostic factor effect estimates
and their precision from the results provided in the
primary studies.” Where these calculations have been
done, the methods used should be clearly reported and
appropriate. A major topic is whether unadjusted or
adjusted prognostic factor results were extracted and,
if adjusted, the adjustment factors of interest. Adjusted
results examine the contribution of a prognostic factor
over and above (ie, after adjusting for) other variables,
which should typically refer to well known existing
prognostic factors. However, extracting or deriving
estimates adjusted for the same set of factors in each
study is very challenging, and often impossible. How
this issue was dealt with should be explained.

For clarity, AMSTAR-PF subdivides the data
extraction domain into three questions, dealing with
the process of data extraction (question 7a), the
detail of report of extracted data (question 7b), and
the appropriateness of calculating effect sizes from
reported data, where relevant (question 7c).
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8. Assessing risk of bias

Two assessors should independently assess the risk
of bias of each included article in the systematic
review and have a plan in place for resolving any
disagreements during the consensus process.

The method chosen for assessing risk of bias should
be pre-planned and clear, which will often involve the
use of a recognised risk of bias tool; preferably one
designed for prognostic factor studies such as QUIPS."

This domain is subdivided into two questions in
AMSTAR-PF, to cover both the process (question
8a) and technique used (question 8b) to complete
assessment for risk of bias.

9. Data synthesis

The review protocol should have stated the principles
on which review authors based their decision to
synthesise data from included studies, and how
it is planned to do this. There are many areas in the
included studies where differences may arise (eg,
lengths of follow-up; cut-off points used to dichotomise
continuous factors; adjustment factors), and PICOTS” %’
provides a good framework for exploring many of these
factors. Additionally, different ways of calculating and
presenting prognostic effect sizes and their precision
provides another area in which differences can arise,
and where compatibility of studies decrease. Even in
non-quantitative syntheses, the principles behind
ensuring interpretability of results remain, and
separate summaries may need to be presented (eg, by
unadjusted and adjusted results; for each cut-off point)
when included studies differ in key areas.

If meta-analysis was performed, authors are
expected to have used appropriate methods, such as
a random effects model to account for unexplained
heterogeneity in prognostic factor effects. Authors
should have also pre-planned how they will investigate
heterogeneity, and quantify it appropriately. As well as
statistical heterogeneity, an examination of potential
clinical or methodological reasons for heterogeneity
may be necessary.

This domain is subdivided into two questions in the
AMSTAR-PF tool, focusing on the approach taken to
ensure interpretability of results (question 9a), and on
the analysis methods (in the case meta-analysis was
performed; question 9b).

10. Small study effects

Small study effects is the phenomenon that occurs
when studies with smaller sample sizes demonstrate
systematically different prognostic factor effects
than studies with larger sample sizes. This effect
might be due to publication bias, such that smaller
prognostic factor studies are likely to be published
when they provide significant results, compared to
non-significant results. However, heterogeneity may
also cause small study effects, for example, if smaller
studies have a shorter length of follow-up than larger
studies, and a prognostic factor effect genuinely
varies from short to longer term. Hence, prognostic
factor reviews investigating asymmetry in funnel plots

RESEARCH METHODS AND REPORTING

should refer to the examination of small study effects,
rather than publication bias, because it is not possible
to be certain that publication bias is the reason for any
asymmetry observed, particularly in the absence of
formal registries for prognostic factor studies.

Commonly, statistical tests for asymmetry may
accompany a funnel plot, although these tests often
have low power, so they are not always a solution. If
funnel plots or asymmetry tests do suggest that small
study effects may be present, it is expected that this
observation forms part of the discussion about the
review’s findings and conclusions.

11. Discussing risk of bias
Consideration of the potential effects of bias on the
review’s results and conclusions are important. In
cases where only studies judged to have a low risk
of bias were included in the review, there may be
relatively little discussion.

If studies of varying quality were included (which
is often the situation with prognostic factor reviews),
then authors are expected to explore this potential
source of bias. If a meta-analysis was performed, then
evaluation of how effects vary by study quality may
be undertaken with techniques such as subgroup
analysis, meta-regression analysis, or sensitivity
analysis. Even if these evaluations are not possible, we
recommend that authors provide some commentary as
to the possible impact of bias on individual included
studies, and the results of the review.

12. Discussing heterogeneity

Heterogeneity in prognostic factor research has many
potential causes, of which some are explored as sources
of bias in question 8. Accounting for heterogeneity is
also briefly covered in question 9. If a meta-analysis was
performed, it is generally expected that heterogeneity
will be accounted for in the meta-analysis and
quantified, for example, using t° (the estimate of
variance in prognostic factor effects between studies)
and prediction intervals (for a prognostic factor effect
in a new study). In situations where only a small
number of studies are included, then the estimate of
heterogeneity will be very uncertain (and prediction
intervals wide), but acknowledgment of this issue
should be expected.

Irrespective of whether meta-analysis is undertaken
and estimates of heterogeneity are obtained or not,
review authors should still consider and discuss
potential sources of clinical and methodological
heterogeneity, and the possible impact on the results,
conclusions, and recommendations of the systematic
review.

13. Conflicts of interest

Review authors should document any funding sources
or other potential conflicts of interest explicitly in the
manuscript. Furthermore, any conflicts of interest in
the included studies should also be documented, to
help readers better assess the quality of evidence and
any potential conflicts in the included studies.
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14. Certainty in results

Review authors should deal with the level of certainty
around their key findings. The GRADE guidelines** are
a commonly used framework for authors, although
review authors may use other methods to deal with this
issue. At the time of writing, there is not a full range of
GRADE guidelines covering all the range of prognostic
factor studies, so authors may be required to modify
existing resources (eg, existing GRADE guidelines for
prognosis®® *°) or develop their own methods using
similar principles.

Overall confidence in the results of the review
AMSTAR-PF is not designed to give an overall score,
because a high score could mask critical failings in
one or more key areas. Instead, each domain should be
considered potentially vital to the overall confidence in
the results of the review, and any errors or oversights
noted appraised with this in mind.

We have suggested four categories for overall
confidence in the results of the review: high, moderate,
low, and critically low. The attached tool and guidance
notes provide further detail about our suggested
approach to classifying a review; however, we stress
that appraisers can, and should, make decisions given
their own topic and methodological knowledge.

Application of AMSTAR-PF
Many elements of AMSTAR-PF are open to varying
interpretations and may have different levels of
importance in different fields or in different reviews.
We recommend that team members planning to use
the tool meet before undertaking appraisal to ensure
consistency in interpretation and application, and to
discuss areas of topic or methodological importance
that may need clarification or standardisation.
We envisage that a common reason for appraising
systematic review quality may be as part of an umbrella
review. If so, it may be important to clarify areas of
quality that are particularly important to the umbrella
review question and outcomes sought, particularly if
the findings will directly influence policy or practice.
AMSTAR-PF has 19 questions over 14 domains, with
some of the questions containing signalling points
to assist with answering the question. The response
options to each question are yes (Y); probably yes (PY);
probably no (PN); no (N); and for some questions, not
applicable (N/A). The signalling points have the same
response options. For simplicity, all questions and
signalling points are worded so that “yes” indicates
higher quality, and “no” indicates lower quality.
We recommend that authors use these two options
when the review has clear evidence for or against
the signalling point or question, and that they use
the “probably yes” and “probably no” options when
the evidence is less clear, or assumptions need to be
made when answering. The recommendations for
using this answering system are consistent with other
quality appraisal and risk of bias tools (eg, ROBINS-I,®
PROBAST,*! 22 ROB 2 (version 2 of the Cochrane risk
of bias tool for randomised trials),*® and ROB-ME
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(risk of bias due to missing evidence)*’). Similar to
other appraisal tools,'® ¥ 22 46 47 responses of “yes”
and “probably yes” have similar implications for the
overall appraisal of quality of the review, and as do
“no” and “probably no.”

Deciding which answering option to choose
requires a certain amount of judgment, alongside
topical knowledge and methodological knowledge.
The “probably” option is appropriate where the
information available is imperfect and indicates that
the reviewers have had to make a judgment because
of that. For example, in question 1 (“Did the review
clearly define the research question, including the
relevant components of PICOTS?”), the first step would
be to assess the extent to which the signalling questions
have been answered in the systematic review, and
mark these accordingly. Using those responses as a
guide, appraisers should then consider the question
as a whole and to what extent it was answered. If
appraisers think that the review has clearly defined all
relevant aspects of the review question, then “yes” is
an appropriate response. If they think that the question
is adequately defined, but missing an element of
PICOTS or specificity around a certain signalling point
or aspect of the review question, then “probably yes”
may be preferred, because it indicates that there is a
lack of clarity and a judgment was made. Conversely,
we recommend that a review with a poorly defined, or
ambiguous research question is given a “no” response,
whereas a review with a few well defined elements but
still overall lacking clarity and appropriate definitions
of the elements may receive a “probably no” response.
These response options may vary in different reviews,
in different questions, and across different reviewer
teams and fields.

The AMSTAR-PF guidance notes (supplementary
file 2B) provide more detailed information about each
of AMSTAR-PF’s domains and application, and we
recommend that users of AMSTAR-PF review these
notes and refer to them when using the tool. We stress
that given the variety of topic areas, methodologies,
review aims, and expertise of appraisers on a team,
these notes should be seen as guidance only; teams
may wish, or need, to further operationalise their
application. Furthermore, teams may find it useful to
pre-plan a meeting after appraisers have completed
appraisal of 3-6 reviews, in order to confirm their
interpretations, compare appraisals, and identify
any unexpected inconsistencies in interpretation
or application.’® *® This approach is especially true
if appraisers have different experience levels or
knowledge bases, or need more guidance in certain
areas.

Discussion

AMSTAR-PF was specifically designed to appraise the
quality of systematic reviews of prognostic factors. It
is, to our knowledge, the first such tool and fills an
important gap for people assessing or undertaking
systematic reviews of prognostic factors, which have
many unique challenges to consider.” The development
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Table 2 | Summary of key differences between AMSTAR 2 and AMSTAR-PF with selected examples

Aspect of tool
Content

Key changes in AMSTAR-PF
Added questions or items for prognostic factor studies

Critical examples

Question 7c: added question on obtaining prognostic factor effect estimates

and review quality

Question 8a: added question about the process of assessing risk of bias

Question 9a: added question detailing the approach to synthesis

Question 14: added question on the certainty of findings

Adapted elements of existing questions to be more

Question 1: substituted the PICOTS acronym for PICO

relevant to prognostic factors

Question 3: stipulated types of prognostic factor studies for inclusion

Revised signalling points: additions, removals, and

Question 2a: added the requirement for a publicly available protocol

modifications

Question 4: added requirement for the full search strategy to be presented, and recommended 12

months (not 24 months) for the search time frame

Questions 5, 7a, 8a: added signalling about the plan for resolution of disagreements

Question 8b: modified the risk of bias assessment to be based on QUIPS

Question 9a: added specific synthesis guidance specific to prognostic factors

Structure and
style

Changed question answering options

All questions: AMSTAR-PF has yes; probably yes; probably no; no; and for some questions, not

applicable; AMSTAR 2 had response options of yes, no, partial yes (for some questions), and

equivalent of not applicable

Changed signalling point answering options

All signalling points: AMSTAR-PF has yes, probably yes, probably no, no, and for some questions,

not applicable; AMSTAR 2 had checkboxes only

Reordered certain questions to assist with a logical flow Moved excluded studies after the screening, as opposed to after data extraction (questions 5-6 in
AMSTAR-PF; questions 5 and 7 in AMSTAR 2)
Grouped together questions about meta-analysis and data synthesis (questions 9a, 9b, 10 in
AMSTAR-PF; questions 11 and 15 in AMSTAR 2)

Developed an auto-populating spreadsheet version of the tool, alongside traditional document forms and guidance notes

Overall rating

Modified method for arriving at an overall judgment of quality for the review; removed the concept of critical domains

Guidance notes

Developed de novo detailed guidance notes for all aspects of the tool

AMSTAR 2=a measurement tool to assess systematic reviews, version 2'¢; AMSTAR-PF=a measurement tool to assess systematic reviews of prognostic factor studies; PICOTS=population, index
prognostic factor, comparator prognostic factors, outcome, timing, setting’; PICO=patient, population or problem, intervention, comparison, outcome; QUIPS=quality in prognosis studies.'®

process involved a wide range of researchers, was
comprehensive and iterative, and several pilot trials
were undertaken before arriving at the final version
presented here.

AMSTAR-PF and guidance notes were based on
AMSTAR 2 and therefore share commonalities. There
are, however, differences in the domains and how
they have been presented, with some of AMSTAR-PF’s
domains divided into questions in order to highlight
important elements of that domain. Other modifications
were a change in the order of some domains, and
changes in guidance to reflect current ideas and
recommendations for best practice that have evolved
since AMSTAR 2 was published in 2017. For instance,
we recommend that it is not enough to state there was a
protocol, but rather that it should be publicly available
(question 2a). Furthermore, we added a question
about the process used in performing risk of bias
(question 8a), one about the interpretability of results
(question 9a), and one dealing with the certainty
around key findings (question 14). Other changes were
necessitated to accommodate the different focuses of
prognostic factor research; changes were made to the
wording of questions, and additional questions (eg,
question 7c, around prognostic factor effect estimates)
were added.

Categories for the overall rating of the appraised
systematic review remain the same in AMSTAR-PF
as they are in AMSTAR 2, but answering options
for the domains have been changed. AMSTAR-PF
includes “probably yes” and “probably no” responses
for all questions, whereas a “partial yes” option
was only available in some AMSTAR 2 questions,
with no “probably no” option in any AMSTAR 2

question. AMSTAR-PF also uses these same options
(yes, probably yes, probably no, no, and/or not
applicable) for each of the signalling points, which
diverges from the checkboxes used in AMSTAR 2.
We considered a range of options for answering the
questions and signalling points. Some other tools
have a “no information” or “unclear” option, or force
a binary “yes” or “no” decision for questions and/or
signalling points. The change to include the additional
“probably” options aims to enhance the usability of the
tool, especially considering that judgments will need
to be made where there is inherent uncertainty, and the
extra options provide added detail that may be useful
when two appraisers meet to reach consensus. We
acknowledge that such responses can add complexity
when coming to a final decision on each domain and
on the appraisal as a whole, but we consider that the
overall benefit of the added detail makes this change
worthwhile, especially given recognised deficits in
quality in reporting of prognosis research (www.tripod-
statement.org).” ® % %° This answering structure aligns
AMSTAR-PF with many other tools currently being
used (eg, ROBINS-1,'® ROBINS-E),'? ROB 2,%¢ ROBIS,*°
ROB-ME *” and PROBAST?"?3).

AMSTAR 2 uses the concept of critical domains—
prespecified domains considered to be of integral
importance to a review’s quality—to assist in coming
to a final judgment on the quality of the review under
appraisal. We consider that such critical domains
may be less consistent in prognostic factor research
than in interventional research, and that it is more
beneficial to instead have appraisers approach each
and every domain as potentially critical to the outcome
and findings of the review. We therefore chose to
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diverge from AMSTAR 2 in this respect. Broadly,
however, AMSTAR-PF follows a similar format and
style to AMSTAR 2. These deliberate similarities may
assist users already familiar with AMSTAR 2. Table 2
summarises the main differences between AMSTAR 2
and AMSTAR-PF.

AMSTAR-PF is designed to facilitate a comprehensive
appraisal of the quality of systematic review of
prognostic factors. Whiting and colleagues®' describe
three components of quality: internal validity (risk
of bias), external validity (applicability/variability),
and reporting quality. AMSTAR-PF incorporates
considerations of each of these components in the
included domains, and all should be considered when
coming to a final judgment of the quality of the review in
question. Like AMSTAR 2, the highlighting of different
elements of quality may make AMSTAR-PF useful as
a brief checklist for people conducting systematic
reviews of prognostic factors, or as a teaching aid. It
is not, however, a substitute for more comprehensive
methodology and rationale in conducting systematic
reviews, nor a replacement for detailed risk of bias
guidance.

AMSTAR-PF was developed for systematic reviews of
prognostic factor studies. Prognostic factor research,
however, is variably defined; some authors,” for
instance, highlight causal prognostic factors as part
of this broad subgroup, and differentiate these as
“prognostic determinants (causal)” as opposed to
“prognostic markers (non-causal).” AMSTAR-PF does
not differentiate between causal and non-causal
prognostic factors, and it is suitable for either or both.
Specific guidance on appraising the quality of the
methods used to establish the presence and/or degree
of causation is, however, outside the scope of this
tool, as are other causal questions. Areas of research
outside of prognostic factor reviews may need their
own specific guidance, whether from a distinct tool
or tailored by modifying existing resources, such as
AMSTAR-PF.

The development of AMSTAR-PF and resulting tool
had several strengths. We developed AMSTAR-PF
using a rigorous, multistage design and validation
process, which aligned with recommendations for
developing quality assessment tools,* and had input
from diverse international experts within and external
to the core research group. Responses from the surveys
to members of the Cochrane Prognostic Methods
Group confirmed a need for a quality appraisal tool for
systematic reviews of prognostic factor studies, and
feedback was generally positive for the included items
and AMSTAR-PF as a whole. With any other feedback,
changes were made to improve the tool. Three pilot
trials to test agreement and usability, involving 25
independent testers with diverse backgrounds and
research expertise, contributed to the final version.

Consideration of the results of our testing of
AMSTAR-PF should recognise that the participants
in our pilot trials may not be representative of all
researchers. In particular, most were not experienced
in prognostic factor research, nor were they always
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knowledgeable about the topic area of the sample
reviews. We consider that this point holds ecological
validity—critical appraisal of systematic reviews
may often be undertaken by graduate students who
are new to both prognostic research and the health
condition of interest. The agreement scores obtained
in our testing showed slight to substantial interrater
and interpair agreement, and fair to almost perfect
intrapair agreement, which is similar or better than
other published tools for risk of bias or quality
appraisal.’® The routinely higher intrapair agreement
scores than interrater and interpair agreement scores
may point to a benefit of discussing interpretation
and understanding of the tool before using it, or after
a small number of initial appraisals, in order to better
apply the AMSTAR-PF questions within appraisers’
specific areas. Additionally, the guidance notes were
modified to provide more thorough guidance following
results and feedback from the testing, which may have
enhanced the agreement and usability of the final
version presented here.

We faced several challenges in developing this tool.
We attempted to canvas a wide range of opinions and
feedback on AMSTAR-PF, although participation rates
of those individuals invited to review it were sometimes
low. This proportion is highlighted in the survey to
the Cochrane Prognostic Methods Group, where the
response rate was around 10% over the four week
response period (assuming that all emails were still
monitored and were not duplicates). This participation
rate is low, although it is within published ranges for
emailed surveys.’’>! The low response may reflect the
time commitment needed to comprehensively review
and provide feedback on the document, as well as
difficulties with recruiting busy academics, and a lack
of incentive for completing it.

Many of the concepts in appraising prognostic
factor reviews are complex, and determining
whether something has been dealt with adequately
is inherently subjective. This challenge is recognised
with all such tools, and the final version of AMSTAR-
PF represents answering options and decision making
guidance that we deemed to balance the potential
benefits of prescriptive, standardised scoring with the
need to allow appraisers’ judgments and expertise to
influence the appraisal process. We have sought to
provide additional guidance in coming to judgments,
but acknowledge that our guidance is general and may
not be detailed enough for all situations; all review
teams should include members with appropriate
methodological and topical knowledge. In certain
situations, appraisers may feel that it is beneficial to
modify or amend certain elements to better suit their
purposes. This approach comes with risks, however, so
we recommend that appraisers carefully consider the
potential drawbacks of making alterations, particularly
because non-standard tools present difficulties in
interpretation and comparability. When modifications
are deemed necessary, clear documentation of what
changes were made and why they were made will be
critical.
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Conclusion

To our knowledge, AMSTAR-PF is the first quality
appraisal tool specifically developed for systematic
reviews of prognostic factors. We undertook a rigorous
iterative process with field experts to develop both the
tool and the guidance notes. We obtained input from
a wide group of experienced prognosis researchers,
and tested the tool for agreement, usability, and
acceptability in three separate cohorts of largely
inexperienced researchers. We present the final tool to
the field for immediate application.
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