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ABSTRACT

Introduction Chronic liver disease is a growing cause

of morbidity and mortality in the UK. Acute presentation
with advanced disease is common and prioritisation

of resources to those at highest risk at earlier disease
stages is essential to improving patient outcomes. Existing
prognostic tools are of limited accuracy and to date no
imaging-based tools are used in clinical practice, despite
multiple anatomical imaging features that worsen with
disease severity.

In this paper, we outline our scoping review protocol that
aims to provide an overview of existing prognostic factors
and models that link anatomical imaging features with
clinical endpoints in chronic liver disease. This will provide
a summary of the number, type and methods used by
existing imaging feature-based prognostic studies and
indicate if there are sufficient studies to justify future
systematic reviews.

Methods and analysis The protocol was developed

in accordance with existing scoping review guidelines.
Searches of MEDLINE and Embase will be conducted using
titles, abstracts and Medical Subject Headings restricted
to publications after 1980 to ensure imaging method
relevance on OvidSP. Initial screening will be undertaken
by two independent reviewers. Full-text data extraction
will be undertaken by three pretrained reviewers who have
participated in a group data extraction session to ensure
reviewer consensus and reduce inter-rater variability.
Where needed, data extraction queries will be resolved

by reviewer team discussion. Reporting of results will be
based on grouping of related factors and their cumulative
frequencies. Prognostic anatomical imaging features

and clinical endpoints will be reported using descriptive
statistics to summarise the number of studies, study
characteristics and the statistical methods used.

Ethics and dissemination Ethical approval is not
required as this study is based on previously published
work. Findings will be disseminated by peer-reviewed
publication and/or conference presentations.

INTRODUCTION

The prevalence of liver disease continues
to increase in the UK, where it is the third
leading cause of premature death in
working age and the leading cause of death
in 30-49year-olds." For most patients, liver

Strengths and limitations of this study

» The findings from the study informed by this proto-
col will support the ongoing and future development
of more accurate prognostication tools to deliver
much needed improvements in clinical outcomes of
patients with chronic liver disease through under-
standing of current evidence and methods.

» In an era of growing use of large-volume data-
driven artificial intelligence/machine learning model
development processes, the findings from the study
informed by this protocol will help streamline data
generation, collation and validation of key parame-
ters from imaging for models, particularly as gener-
ating large-volume chronic liver disease patient data
sets is difficult and costly.

» This study protocol is timely as the use of imaging
in patients with chronic liver disease has become
an integral part of clinical practice and therefore the
findings of studies informed by the research identi-
fied by this scoping review are likely to be relevant
to routine clinical practice.

» Our protocol has been developed in accordance with
established guidance and the scoping review that
arises will be reported using the Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews guidelines.

» Only studies linking imaging features directly to
clinical endpoints will be included. Cross-sectional
studies linking imaging features with existing inva-
sive and non-invasive non-imaging prognostic fac-
tors/scores will be excluded.

disease is a chronic and insidious process
developing over many years. Diagnosis usually
occurs during their first hospital admission
with acute decompensation (AD), including
symptoms of gastrointestinal haemorrhage,
hepatic encephalopathy, jaundice or ascites.
Sixty-day mortality for these patients has
remained between 30% and 40% over the
past 10 years,” driven by long-standing pread-
mission decline in patient functional reserve
and lack of access to costly and limited tertiary
care services including liver transplant.”

BM)

Chouhan MD, et al. BMJ Open 2022;12:¢053204. doi:10.1136/bmjopen-2021-053204 1

y6uAdoo Aq pajsslold 1senb Aq £202 ‘2z Areniga- uo jwoofug uadolgy/:dny woly papeojumod ‘220z AeW g UO 10ZES0-T20Z-uadola/9eTT 0T se paysignd 1s1y :uado NG


http://bmjopen.bmj.com/
http://orcid.org/0000-0001-5903-1002
http://dx.doi.org/10.1136/bmjopen-2021-053204
http://dx.doi.org/10.1136/bmjopen-2021-053204
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2021-053204&domain=pdf&date_stamp=2022-05-02
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/
http://bmjopen.bmj.com/

Accurate prognostication of patients with liver disease
could potentially improve clinical outcomes by informing
prioritisation of healthcare resources to those at highest
risk at earlier disease stages, when treatments may have
better long-term outcomes. Improved prognostication
could impact the clinical care pathway at several points,
for example, it could empower patients to target improve-
ments in specific prognostic factors through behavioural
modification, take the form of more intensive secondary
care follow-up/optimisation to avoid AD in those at higher
risk with apparently stable disease, inform treatment esca-
lation decisions for acute hospitalised patients, improve
end-of-life care quality by avoiding futile intensive care
interventions and inform the prioritisation of patients
who survive acute admission for liver transplantation.

The use of prognostic factors and models for the evalua-
tion of chronic liver disease has been established for some
time. The use of Child-Turcotte-Pugh (CTP) and model
for end-stage liver disease (MELD) scores and their vari-
ants have been incorporated into clinical pathways,* but
both are of limited value in the prediction of long-term
clinical outcomes. More recently, development of acute-
on-chronic liver failure (CLIF)/AD CLIF scores and
their variants have been established for the assessment
of patients with organ failure/in the critical care setting,
but these result in area under receiver operating charac-
teric(AUROC) values around 0.75 for the prediction of
mortality.” Invasive measurements such as the hepatic
venous pressure gradient (HVPG) also have established
prognostic value in patients with stable cirrhosis, but are
invasive and require specialist centre expertise.’

Patients with chronic liver disease are routinely imaged
electively and in the emergent setting with ultrasound
(US), CT and MRI. Abnormal structural features are
known to worsen with increasing liver disease severity.
Macroscopic changes occur both within the liver and
outside the liver, affecting organs such as the spleen,
splanchnic vasculature, kidneys, gastrointestinal tract,
peritoneal space, abdominal musculature and axial skel-
eton,” all of which have the potential to help inform
better prognostic modelling for chronic liver disease.
Such structural changes, however, are not quantified
during routine diagnostic reporting, although the devel-
opment of new machine learning-based tools for quantifi-
cation of such features from standard anatomical imaging
(such as automated measures of organ volume®) has the
potential to change this. The combination of these new
tools with appropriate selection of anatomical imaging
features could yield multivariable imaging-based models
that could add to existing prognostic models and help
improve clinical outcomes in patients with chronic liver
disease.

STUDY RATIONALE

Adequately powered studies for the development and
validation of multivariable imaging-based models in
chronic liver disease are difficult because of the range

of potential relevant but differing clinical endpoints,
and the need for appropriately sized data sets with event
rates of the clinical endpoint of interest to support the
number of variables used in the model being developed.
The sheer number of variables evaluated in radiomics
and/or artificial intelligence (Al)-based approaches, for
example, would require sample sizes that could only be
generated from costly large-scale multicentre studies.” An
evidence-based approach, however, could provide a more
streamlined method for preselection of specific imaging-
based variables that would be more likely to contribute to
a useful prognostic model.

Initial PubMed and Embase searches by the authors
using generic search terms such as ‘liver’ AND ‘imaging’
AND ‘prediction” demonstrate that existing literature on
the use of imaging features for the prediction of clinical
endpoints in chronic liver disease is varied. There are
differences in the imaging modalities used (eg, US, CT
and MRI); the structural features that have been studied
(eg, organ size, vessel size, radiomic features, sarcopenia
measures, etc); the liver disease endpoints that have been
selected for prediction (eg, survival, AD, development of
hepatocellular carcinoma, etc); and the maturity of the
prognostic models that are proposed (ie, the extent to
which a model has been developed/validated and how
clinically usable it is).

A scoping review as proposed initially by Arksey and
O’Malley,'” with subsequent refinements,"" '* and the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses extension for Scoping Reviews'” is an
appropriate approach to appraise evidence in this area.
It will enable knowledge and concepts in the field to be
mapped, establish the value of undertaking a full system-
atic review and identify gaps in the existing knowledge
base.

The scoping review protocol presented here will provide
an important summary of the literature pertaining to the
imaging modalities used, structural features measured,
choice of clinical endpoints studied, their reported asso-
ciations and the current landscape of imaging-based
prognostic models in chronic liver disease. This review
will also form a basis for future systematic reviews and
meta-analyses and for informing future primary research
into the development of imaging-based multivariable
prognostic models.

STUDY OBJECTIVES

The aim of this scoping review will be to map the liter-

ature describing anatomical imaging features that may

have prognostic value for relevant clinical endpoints in
chronic liver disease, specifically:

» To provide an overview of prognostic factors and
models that have linked anatomical imaging features
with clinical endpoints in chronic liver disease.

» To define the clinical population that has been inves-
tigated by these studies.
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» To assess the maturity of evidence for prognostic
factors and models derived/investigated within
published studies.

» To identify studies for potential inclusion into a future
systematic review/meta-analysis.

METHODS AND DESIGN

The protocol was developed in accordance with the
stages defined by Arksey and O’Malley'’ and subsequent
enhancements defined by Levac e al.'' Protocol develop-
ment was driven by the lead author collaborating closely
with experienced statisticians for methodological guid-
ance (authors TP and SM). The drafted protocol was
then refined by input from authors with specialist clinical
and research expertise (SAT, YH, DB, DY, RPM and SH).

Stage 1: identifying the research question

The following research questions were defined to guide

our review:

» What structural imaging features have been linked
prognostically with clinical endpoints in chronic liver
disease?

» What clinical endpoints have been used in these
studies?

» What imaging modalities have been used to obtain
the anatomical imaging features studied?

» What aetiologies of liver disease have been studied?

» To what extent has the model presented been
developed/validated?

» How was the study designed—prospective/retrospec-
tive, setting, sample sizes, follow-up interval, number
of institutions/scanners?

» What statistical methods have been to generate or test
the model?

» How usable do the prognostic models appear to be?

Stage 2: identifying relevant studies

Inclusion/exclusion criteria were developed iteratively
over a series of meetings between the lead author and
statisticians (TP and SM) and with input from subspe-
cialist experts (DY and RPM) and are listed in table 1.

Stage 3: study selection
Search strategies for MEDLINE and Embase (OvidSP)
were refined over the course of several meetings between
the lead author and statistician coauthors (TP and SM) to
ensure appropriate publications were identified.
MEDLINE and Embase will be searched using a search
strategy targeting titles, abstracts and Medical Subject
Headings and be defined to include four key terms. The
first, defining the target population, will be constructed
to capture variations of the terms ‘liver disease’, ‘liver
fibrosis’ and ‘cirrhosis’. The second will be constructed to
capture variations of ‘imaging’, ‘US’, ‘CT” and ‘MRI’. The
third will be constructed to capture variations of poten-
tial references to prognostic studies. The final term will
specify exclusions of publication types. Studies after 1980
will be included to ensure the imaging technology used
is relevant to currently used methods and studies will

be manually limited to English to facilitate review. The
formal search strategy can be found in online supple-
mental material 1.

Identified records from search results will be screened
using the Rayyan web/mobile application in blinded
mode."* The Rayyan deduplication tool will be used to
remove any duplicate references that may have been iden-
tified by both databases. The final deduplicated reference
list will undergo initial screening of titles and abstracts by
two independent reviewers (MDC and TP). Any duplicate
references not removed by the Rayyan tool will also be
removed at the time of manual screening. Uncertainties
or disagreements will be resolved by discussion between
both reviewers, with escalation to the coauthors with
expertise in the area when appropriate.

For studies that meet the inclusion criteria, full texts will
be obtained with relevant authors contacted to request
these if required. Studies that evaluate the combinations
of parameters that meet both inclusion and exclusion
criteria are likely. These studies will be screened in greater
depth to assess if there are sufficient data to separate the
assessment of parameters meeting the inclusion criteria,
so that these data can still be included in the review.
Finally, the reference list of identified full-text studies will
not be checked as this scoping review aims to provide an
overview of the literature structure, as a step towards a
more comprehensive systematic review. The study selec-
tion process is summarised in figure 1. Initial searches
performed in February 2021 identified 3079 records.

Stage 4: data extraction

A data charting proforma was drafted to include key
manuscript details such as author, year of publication,
country of origin, but also specific questions designed
to address the research questions, including the imaging
modalities investigated, recruitment setting/context, the
prognostic study phase, sample sizes, the liver disease aeti-
ologies studied, anatomical features investigated, clinical
endpoints used, the statistical analysis methods used and
the derived prognostic model usability. The proforma
draft (online supplemental material 2) was arranged to
align with the order in which such information was likely
to be extracted from a full-text manuscript.

All reviewers will undergo training using specially
designed training materials tailored to the data charting
proforma (online supplemental material 3). The data
charting proforma will then be piloted between three
designated reviewers (AB, CM and MAP) using five
potential studies. The pilot will enable the proforma
and instructions to be refined to ensure that all relevant
results are extracted, that all reviewers understand the
charting process and that there is a level of consensus
between the reviewers on how to approach the review
process, thereby reducing inter-rater variability. Final data
extraction will be performed independently by the three
reviewers (figure 1). Workflow will be tracked using the
Rayyan web/mobile application'* and any uncertainties,
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Open access

Table 1 Inclusion/exclusion criteria
Inclusion criteria Exclusion criteria
Population » Adult humans (>18 years) with liver disease (of any » Animal studies.
aetiology)/cirrhosis/chronic liver disease. » Paediatric studies.

» Liver disease where hepatocellular carcinoma (HCC),
transplant or transjugular intrahepatic portosystemic
shunts (TIPSS) are criteria for inclusion into the study.

» Studies pertaining to focal liver lesions, including liver
metastases or benign liver lesions.

» Studies pertaining to acute liver failure.

Concept » Prognostic evaluation using CT, MRI or US. » Diagnostic evaluation using CT, MRI or US.
» Imaging measures derived from anatomical features  » Prognostic studies using:
(eg, organ size, liver segment size ratios, organ — Other imaging modalities (including functional
contour, surface nodularity, vessel size, vessel- nuclear medicine studies such as positron
related parameters, including the presence of emission tomography).
thrombus, increased periportal space, ascites, — Non-binary anatomical features assessed
body composition features derived from area-based subjectively by study readers (eg, subjective
measures such as fat, muscle, sarcopenia). categorisation of the severity of liver surface
» Imaging measures derived from non-contrast nodularity).
enhanced, non-quantitative imaging signal (eg, — Non-radiomic quantitative imaging methods.
CT density, MR signal intensity, radiomics/textural — Postcontrast enhancement ratios.
measures, etc). — Biomechanical imaging methods (ie, elastography
» Clinical endpoints including (but not limited to): US/MRI; acoustic radiation force impulse (ARFI)
— Mortality/survival, acute decompensation, US; shear wave US).
variceal bleed, portal venous thrombosis, ascites, — Doppler US.
transplant-free survival, organ failure, infection/ — Quantitative MRI methods (eg, perfusion MRI,
sepsis, development of acute-on-chronic liver diffusion-weighted imaging, T1 mapping, etc).
failure. — Quantitative CT methods (eg, perfusion, dual
— HCC-related endpoints where the presence of energy, iodine mapping).
HCC is not a criterion for inclusion into the study. — Histology/microscopy studies.
— Studies evaluating the association with » Clinical endpoints:
established prognostic markers (including but — HCC-related endpoints, where HCC is a criterion
not limited to invasive markers such as HVPG for inclusion into the study.
and endoscopic variceal grade and non-invasive — Post-transplant endpoints.
markers such as CTP and MELD scores). — Post-TIPSS endpoints.
— Liver fibrosis.

» Studies pertaining to image reconstruction.

» Studies pertaining to the development of methods for
quantifying anatomical features.

Context » Studies from any country. » Studies published prior to 1980 to ensure the imaging
» Studies where recruitment has taken place in primary technology reviewed is relevant to modern imaging
or secondary care (inpatient or outpatient setting), methods.
to avoid selection bias arising from the recruitment » Studies published in non-English languages.
setting.
Source » Prognostic model development and validation of » Diagnostic studies.
type primary research studies, including prospective/ » Case studies/case series; editorials; letters;

retrospective cohort and case—control studies, at any
stage/phase.

conference proceedings; reviews/narrative studies;
systematic reviews/meta-analyses; book chapters;
grey literature.

CTP, Child-Turcotte-Pugh; HVPG, hepatic venous pressure gradient; MELD, model for end-stage liver disease; US, ultrasound.

controversies or conflicts will be resolved by discussion
between review team members.

Stage 5: collating, summarising and reporting the results

Descriptive data analysis will be structured to address
the research questions established previously. Data
extracted by reviewers will be collated, related factors

will be grouped into categories and simple frequency
counts will be presented. Analysis will include grouping
of potential prognostic anatomical imaging features into
categories, presented alongside the clinical endpoints
(also grouped into categories) that they have been asso-
ciated with. Potential prognostic anatomical imaging
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MEDLINE and Embase (OvidSP) search

v

References uploaded to the Rayyan web/mobile application,
with automated removal of duplicated references

Vv

Stage 3
Study selection/Title and abstract screening

Reviewer 1 (MC)
Independent (blinded) screening of titles
and abstracts, with manual removal of any
duplicated abstracts missed by the

v

Reviewer 2 (TP)
Independent (blinded) screening of titles
and abstracts, with manual removal of any
duplicated abstracts missed by the

automated tool automated tool
v v
Final consensus list of studies
————— that meet inclusion/exclusion criteria -
for full text screening*
v 7 L7

Reviewer A (AB)**
Independent data
extraction using data
charting proforma

Reviewer B (CM)**
Independent data
extraction using data
charting proforma

Reviewer C (MAP)**
Independent data extraction
using data charting
proforma

v

v v

Stage 4
Full text data extraction

Consensus for uncertainties, controversies or conflicts

Final completed data charting proforma database ready for analysis

Figure 1

Study selection and data extraction process. *The reference list of identified full-text studies will not be checked as

this scoping review aims to provide an overview of the literature structure, as a step towards a more comprehensive systematic
review. **Final list of full-text references to be divided equally between each of the three stage 2 reviewers.

features will also be reported by imaging modalities used.
Clinical endpoints will be grouped and linked with the
disease aetiologies studied. Frequency of study design
and characteristics, including the study phase, will be
presented. Sample and clinical endpoint sample sizes
will also be presented. Finally, the frequency of different
statistical methods used to develop the model will also be
presented, including an overall assessment of potential
prognostic model usability.

Categories emerging from the analysis will be used
to demonstrate knowledge and knowledge gaps, and to
identify current research status. As the aim of this scoping
review is to map knowledge and not to identify the weight
of evidence for a particular prognostic estimate, risk of
bias assessment will not be undertaken. Data collected on

study maturity, study methodology, sample sizes and prog-
nostic model usability will be used to make inferences on
overall limitations of existing literature in the area. We
will use the scoping review results to inform the design of
future primary prognostic studies that include anatom-
ical imaging features, and to provide a foundation for
future systematic reviews and meta-analyses in this area.

STUDY LIMITATIONS

Although this study protocol has been designed to deliver
robust, meaningful and reproducible scoping review find-
ings, we acknowledge limitations that have been intro-
duced to ensure that this study protocol is practical and
deliverable.
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First, we have restricted our searches to MEDLINE and
Embase, two online databases likely to include most of
all significant published work in this area. Our search,
however, excludes prepublished work on databases
such as medRxiv/bioRxiv or conference proceedings/
abstracts that may be of value in this area. We have chosen
to exclude the latter on the grounds that even if confer-
ence proceedings/abstracts met the inclusion/exclusion
criteria, they would be unlikely to report all the informa-
tion required to accurately complete the proforma (and
the posters/talks they pertain to might not be available or
accessible online). We have also chosen to exclude paedi-
atric studies because of major differences in liver disease
aetiology and disease course.

Studies published in languages other than English will
also be excluded due to resource limitations.

We have aimed to exclude studies that evaluate the asso-
ciation between established prognostic markers (such
as HVPG, endoscopic variceal grade, CTP and MELD
scores), as such studies may adopt a more diagnostic-
type study design (eg, a cross-sectional study correlating
an anatomical imaging feature with contemporaneous
CTP scores), and are therefore unlikely to be identified
by the search strategy used. This limitation is deliberate
as these studies will have been conducted without the a
priori objective of determining the prognostic value of
the anatomical imaging features investigated and are
therefore less likely to yield meaningful data for a future
systematic review/meta-analysis.

The development of macroscopic parenchymal changes
detectable on imaging (ie, increased parenchymal hetero-
geneity) with the advancement of liver disease is a well-
recognised phenomenon and has driven our decision
to include studies that evaluate tissue textural/radiomic
features. While textural measures rely on complex post-
processing and are therefore arguably quantitative, where
imaging is purely for anatomical assessment, the appli-
cation of textural quantification is to quantify a struc-
tural change and therefore qualifies as assessment of an
anatomical imaging feature. Of note, although acquisition
parameters have major effects on quantified US echoge-
nicity, CT density, MR signal intensity and subsequently
derived textural measures—scoping the application of
texture-derived parameters in the literature still aligns
with the objective of providing an overview of imaging
features that have been linked with clinical endpoints in
chronic liver disease.

Finally, in line with established scoping review guid-
ance,'” ' the use of risk-of-bias tools to appraise the
quality of the studies included in the scoping review will
not be performed, with the implicit risk of inclusion of
flawed study data in the overall study findings. The inclu-
sion of risk-of-bias assessment will however require signif-
icant additional resources from the reviewer team and
on balance will not provide any additional information
contributory to the stated scoping review objectives.

PATIENT AND PUBLIC INVOLVEMENT
Patients and the public were not involved in the develop-
ment of this scoping review protocol.

ETHICS AND DISSEMINATION

This scoping review protocol is based on secondary data
obtained from published manuscripts in scholarly jour-
nals and therefore does not require ethical approval.
Findings from this scoping review will be disseminated by
peerreviewed publication and/or conference presenta-
tions. It is anticipated that the literature gaps identified
by this study will help stimulate more clinically useful
research in this area and inform the conduct of systematic
reviews/meta-analyses for better preselection of anatom-
ical imaging-derived parameters for potential inclusion
into prognostic models for chronic liver disease.
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Imaging features to predict clinical
endpoints in chronic liver disease -
a scoping review

Study data entry proforma

N.B.: Please check that the study meets the inclusion criteria
first!

If not, explain why in the final question, submit and email m.chouhan@ucl.ac.uk with the study

details.

1. Researcher initials:

Enter your answer

2.DOl:

Enter your answer

3. Author:
(e.g. Smith et al))

Enter your answer
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4. Year:
(Format: YYYY)

The value must be a number

5.Country:

Enter your answer

6.Imaging modalities used:
[] us
[]ecT
[] MR

7.Study type

(n.b. prognostic studies only - if not prognostic, enter "not prognostic" in question 35 and
submit blank form)

|:| Retrospective

D Prospective

|:| Other

8. Recruitment setting:

D Outpatient

|:| Inpatient

D Patient registry
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D Other

9.Prognostic study phase:

|:| Phase la

E] Phase Ib

[ ] Phaselia

E] Phase llb

[ ] Phasell
E] Other

10. Overall sample size:

The value must be a number

11. Non-liver disease sub-cohort size:

(i.e. healthy volunteers, non-liver disease patients, if no non-liver disease sub-cohort, just type
"0")

The value must be a number

12. Non-liver disease sub-cohort:
|:] No non-liver disease sub-cohort studied
|:| Healthy volunteers
|:| Non-liver disease patients

|:| Age-matched controls
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13. Liver disease sub-cohort size:

(pooled across all liver disease aetiologies, if multiple)

The value must be a number

14. Liver disease aetiologies studied:
|:| Viral hepatitis

Alcoholic liver disease

NASH

NAFLD

PSC

PBC

Autoimmune hepatitis

Unspecified

Odo0Ododgaoad

Other

15. Development sample size:
(for phase la studies only - if not applicable, enter '0')

The value must be a number

16. Internal validation/test sample size:
(for phase Ib studies and above only - if not applicable, enter '0')
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The value must be a number

17.Interval validation/test sampling method:

(if no interval validation/test sample, just select 'N/A’)

'C' Random development/validation dataset split

O Re-sampling of the same data (e.g. bootstrap or cross-validation methods)
O N/A

'::' Other

18. External validation/test sample size:
(for phase Ib studies and above only - if not applicable, enter '0')

The value must be a number

19. External validation/test sample cohort notes:

(3 details - disease aetiology - site (e.g. single, multiple) - separation from development cohort
(e.g. random, temporal, geographic); if no external validation/test sample, just enter 'N/A'),

For example:
NAFLD - single site - geographic separation

Enter your answer

20. Clinical endpoints:

(include primary and secondary clinical endpoints)
|:| Mortality/Survival
E] Acute decompensation
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E] Hepatic encephalopathy
Jaundice
Intractable ascites

Variceal bleed

Deterioration in decompensation
Transplant/Transplant free survival

Other

[
[]
[
[ ] Development of HCC
[
[]
[

21.Clinical endpoint sample size:

(please enter sample size for each endpoint, each on a new line, in the box below)
For example:

Mortality, n=25
Acute decompensation, n=30

Enter your answer

22.Follow-up interval (for the development cohort):

(average/fixed, months)

The value must be a number

23.Follow-up interval data-type (for the development cohort):

(referring to question 22)
C :' Mean
C' Median

(:' Fixed
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24. Average follow-up interval (+/- limit or range, for the development cohort):

(enter ‘0" if follow-up interval fixed)

Enter your answer

25. Average follow-up interval +/- limit data-type (for the development cohort):

(referring to question 24)
C' Standard Deviation
(_:' Standard Error

() Inter-quartile range
Q Range

) Confidence Interval
() N/A (fixed)

L::' Other

26. Follow-up interval (for the test/validation cohort):

(average/fixed, months)

The value must be a number

27.Follow-up interval data-type (for the test/validation cohort):

(referring to question 26)
(::' Mean

C:' Median
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28. Average follow-up interval +/- limit (for the test/validation cohort):

(enter '0" if follow-up interval fixed)

The value must be a number

29. Average follow-up interval +/- limit data-type (for the test/validation cohort):
(referring to question 28)

C' Standard Deviation

C' Standard Error

L

C' Inter-quartile range
L_J) Range

) Confidence Interval
() N/A (fixed)

C' Other

30. Number of scanners used:

(if not stated, record 'not given')

Enter your answer

31. Number of participating institutions/hospitals/imaging centres:

The value must be a number
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32. Anatomical features evaluated 1:
(thematic grouping)

E] Splenic size (single dimension/volumetry)

Liver size (single dimension/volumetry)
Porto-systemic shunts (single dimension/volumetry)
Portal vein (diameter)

Splenic vein (diameter)

Liver contour (qualitative/quantitative)

Liver radiomics/textural features

Spleen radiomics/textural features

Ascites (presence/volumetry)

Fat (visceral/subcutaneous adiposity)

Muscle (sarcopaenia)

D Od0o0ogodotddnd

Other

33. Anatomical features evaluated 2:

(specific variables measured from themes given previously)

For example:

splenic size - craniocaudal length (mm)

liver size - mid-clavicular line length (mm)

porto-systemic shunt - azygous vein diameter (mm)
porto-systemic shunt - presence of recanalised umbilical vein

Enter your answer

34. Anatomical features linked with clinical endpoints 1:
(thematic grouping)
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Splenic size (single dimension/volumetry)

Liver size (single dimension/volumetry)
Porto-systemic shunts (single dimension/volumetry)
Portal vein (diameter)

Splenic vein (diameter)

Liver contour (qualitative/quantitative)

Liver radiomics/textural features

Spleen radiomics/textural features

Ascites (presence/volumetry)

Fat (visceral/subcutaneous adiposity)

Muscle (sarcopaenia)

O Odoogodotddod

Other

35. Anatomical features linked with clinical endpoints 2:

(list theme, then feature and hifen to separate endpoint associated with, new feature/linked
endpoint on each line)

For example:
splenic size - spleen volume - acute decompensation

sarcopaenia - psoas muscle area at L3 - hepatic encephalopathy
visceral fat - L3 visceral fat area % - development of HCC

Enter your answer

36. Statistical analysis method:

D Cox regression

|:| Regression

D t-tests
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E] Chi-squared tests
|:| Wilcoxon rank sum
[ ] ANovA

|:| Correlation

E] ROC analysis

|:| Other

37.Prognostic model developed:
O Single variable
O > 1 variable/composite model

() Other

38. Prognostic model presentation
D Full regression formula (coefficients + intercept/baseline hazard)
Partial regression formula (hazard/odds ratio, no intercept/baseline hazard)

Sum score

Online tool

Not given

[
[
[ ] Nomogram
[
[
[

Other

39. Prognostic model usability
|:| Prognostic score/risk group assigned

D Time-to-endpoint presented for risk group/score
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E] Not given

|:| Other

40. Additional notes (including why a study does not meet inclusion criteria):

(please print as a PDF to save a copy of your completed proforma before hitting the 'submit'
button)

Enter your answer

Never give out your password. Report abuse

This content is created by the owner of the form. The data you submit will be sent to the form owner. Microsoft
is not responsible for the privacy or security practices of its customers, including those of this form owner. Never
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Data charting proforma completion guidance

Guidance overview

1. What is a scoping review?

2. Prognostic vs diagnostic studies?

3. Retrospective vs prospective prognostic studies?

4. What do we mean by recruitment setting?

5. How to determine the prognostic study phase?

6. Sample sizes vs sub-cohort sample sizes

7. Development, internal validation and external validation samples — what do these all mean?
8. Sample sizes vs endpoint sample sizes — what's the difference?

9. Follow-up interval — what do we mean?

10. Anatomical features: themes vs detailed listing

. Statistical analysis methods

. The developed prognostic model — variables, presentation and usability

2o
BB

1. What is a scoping review?

_—— Systematic reviews

__ Systematic reviews with

ta-anal
Reviews that are not meta-analyses

systematic (traditional
literature reviews)

All reviews

1. What is a scoping review?

Identify the types of available evidences ina |Uncover intemational evidence

ghen field
Clarify key i the Confir t variation
Iiterature In practices/identify new practices

Examine how research is conducted ona | Identify and investigate conflicting results

cartain topic or field

Tdentify Key characteristics of factors related | Produce statements (o guide decision-
0 a concept making

Identify and analyze knowledge gaps Identify and inform areas for future research

Precursor o a systemalic review Asystemati review!

{tsken from i scope-or-not-to-scope-d4BS 1bdfi753)

2. Prognostic vs diagnostic studies

[ASS——
m e
g
Loy s
FR A

(Collins et al. 2015, BMC Med 13, 1)

2. Prognostic vs diagnostic studies

Can be very similar!
= Binary outcome (disease present/absent vs future occurrence yes/no)
= Key interest in generating probability of outcome

= Same approaches to generating multivariable models — predictor selection, model
building methods

= Same dangers of overfitting

= Same measures for assessing model performance

(Collins et al. 2015, BMC Med 13, 1)

Chouhan MD, et al. BMJ Open 2022; 12:€053204. doi: 10.1136/bmjopen-2021-053204



Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance

placed on this supplemental material which has been supplied by the author(s)

BMJ Open

06/05/2021

2. Prognostic vs diagnostic studies

Key differentiators:

T S

Explanatory
variables
Comparator - Reference standard test - Event definition
- Disease verification - Future event occurrence on follow-up
Outcomes Disease presence/absence Event occurrence yes/no

Missing outcomes Partial verification Loss to follow-up

(adapted from Collins et al. 2015, BMC Med 13, 1)

3. Retrospective vs prospective prognostic
studies?

Relationship between recruitment time and the event/endpoint:

* Retrospective — event/endpoint has already taken place at the time
when a patient is recruited into the study
 Explanatory variables measured before the event/endpoint are then studied

* Prospective — patients recruited into the study are followed-up until
they develop the event/endpoint at a future date
 Selected explanatory variables are measured at recruitment/before the
event/endpoint develops

4. What do we mean by recruitment setting?

* Outpatient/community recruitment
(e.g. stable cirrhotics seen in hepatology OPD; primary care recruitment of patients with a coded
diagnosis of NAFLD)

* Inpatient recruitment
(e.g. patients admitted to hospital with an acute variceal bleed)

« Patient registries - specialist databases to recruit patients from a specific disease cohort
(e.g. the UK HCV national register; the European NAFLD registry)

* n.b.: Patients may be recruited as inpatients, with explanatory variables collected
retrospectively in the outpatient setting < (please select “inpatient” for Q8)
(e.g. evaluation of previous outpatient surveillance US data in acutely decompensated inpatients)

5. How to determine the prognostic study
phase

Much like clinical trials:

* Phase I: First in humans
* Phase II: Dose finding

* Phase llI: Clinical effectiveness — estimating how useful in clinical
practice

(Taken from slides provided by Prof Mallett)

5. How to determine the prognostic study
phase

For prognostic studies:
3 N
|* Phase |A: Development of tool
:- Phase IB: Evaluation of tool in new people using registers and databases
I\- Phase IIA: First prospective use in clinical practice P

* Phase |IB: Qualitative studies on experience of using tool in clinical practice

* (Phase III: RCT or observational study of effect in clinical practice)

(Taken from slides orovided by Prof Mallett)

5. How to determine the prognostic study
phase

For prognostic studies:

* Phase IA: Development of tool
* National registry data

* Phase IB: Evaluation of tool in new people using registers and databases
* Validation in external datasets

(Taken from slides provided by Prof Mallett)
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5. How to determine the prognostic study
phase

For prognostic studies:

* Phase IIA: First prospective use alongside clinical practice
* Does it identify the right patients compared to normal practice?

* Phase IIB: Qualitative studies on using tool in clinical practice
* lIsitusable?

* Would it be used?

* Phase IlI: RCT or other comparative study design of using tool vs current practice

(Taken from slides provided by Prof Mallett)

6. Sample sizes vs sub-cohort sample sizes

« All studies should state the overall number of patients involved in the
study

* When recording overall sample size (Q10), record the sample size that
actually participated in the study rather than the sample size that was
screened

(e.g. 23000 patient records were screened for prospective inclusion into the

study, from those 13000 were excluded because of incomplete records and a
further 9000 were excluded because they did not have any imaging and 500

cases were lost to follow-up = overall sample size = 1000)

6. Sample sizes vs sub-cohort sample sizes
Regarding the non-liver disease sub-cohort questions:
« Study designs may include a non-liver disease sub-cohort

* These would be either healthy volunteers/non-liver disease patients:
(e.g. survival (months), recorded after US in patients undergoing HCC
surveillance was compared with survival in age-matched patients undergoing
US for non-hepatic causes)

6. Sample sizes vs sub-cohort sample sizes

Regarding the liver disease sub-cohort questions:

* Example:
patients were recruited from hepatology OPD, with viral hepatitis (n=85), ALD
(n=75) and NAFLD (n=100) < (please record the combined total of the

liver disease aetiologies recruited, i.e. “liver disease sub-cohort size =260")

* Please also tick the relevant disease aetiologies studied (Q14)

7. Development, internal validation and external
validation samples —what do these all mean?

* Phase IA studies contain only development samples
(i.e. all the data collected is used to build the model)

* Phase IB studies include either internal or external validation sample

7. Development, internal validation and external
validation samples —what do these all mean?

* Internal validation:

* The original data collected is split into a separate “development” sub-cohort
and a “test/validation” cohort < please record the sizes of each of these
cohortsin Qs15-16

* The method by which the data is split between cohorts is important to study
quality:
« Randomly? Re-sampling the data? Temporal separation? Geographic separation?
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7. Development, internal validation and external
validation samples —what do these all mean?

* External validation:

« A separately recruited sample is used to test/validate the previously derived
model

* How the test/validation sample is defined is important to study quality:
« Disease-based separation? Temporal separation? Geographic separation?

* ‘Phase IIA’ vs ‘Phase IB externally validated study’?
* Phase IIA must be “external” (often separately published study) and must be
prospective

8. Sample sizes vs endpoint sample sizes —
what’s the difference?

* Prognostic studies are interested studying the development of a
clinical endpoint/event

* Not all recruited patients will experience the clinical endpoint/event

* The size of the sample that goes on to experience the endpoint is
important to the overall study quality and statistical power
(e.g. a study proposes development of a model for predicting mortality in
patients with NAFLD. The recruited sample size is 500, but after 5 years only
ten patients die)

8. Sample sizes vs endpoint sample sizes —
what’s the difference?

* Record the clinical endpoints/events being studied

* Record the number of subjects that experiences each endpoint
(regardless of which liver disease/non-liver disease sub-cohort they are from)

* Occasionally, there may be studies where most of the cohort
experiences the event
(e.g. a retrospective survival study with recruitment based on patients with
hepatic encephalopathy recorded as a cause of death) < in this situation, for
Q21, state this and record the size of the smaller event cohort (such as age-
matched controls without hepatic encephalopathy)

9. Follow-up interval — what do we mean?

« All prognostic studies have an interval between experiencing the
event and measurement of explanatory variables

* This should be clearly stated(!)

« This interval could be fixed (e.g. in a prospective study) or maybe
variable (e.g. interval between scan and death)

* The way the interval is recorded tends to be mean#SD, but there are
variations (Qs23-26)

10. Anatomical features: themes vs detailed
listing

* Thematic groups will be used for theme-based analysis, but the more
important question is the specific detailed listing (Q29)

* Please include all variables studied (even if these do not end up
getting used in the final proposed model)

* Please specify variable type and unit (i.e. length, volume, area,
relative area, presence, categorical variables)

* Please specify those that are linked with endpoints (Q31)

11. Statistical analysis methods
* Refers to the method used to develop the model

* Important because will define which studies can provide useful data
that can potentially be used in a meta-analysis
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12. The developed prognostic model — 12. The developed prognostic model —
variables, presentation and usability variables, presentation and usability
* Variables:

How many do the authors propose as having prognostic value?

* Usability:
* How do they propose their model will work?
* Does the model categorise patients?
« Does the model estimate time to an endpoint?
+ Do the authors provide any clinical guidance for how the model should be
used?

* Presentation:
* Do the authors provide an explicit statement of the model they’ve
developed?
* What form does the proposed model take?
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