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Abstract

Systematic reviews on diagnostic test accuracy studies provide an overview of the current
literature in a systematic and transparent manner. They are the highest level of evidence in
clinical research, therefore they are critical to decision-making in the healthcare setting. Cancer
is the primary source of mortality in Canada, however early detection of tumors can improve the
survival rates and long-term health outcomes of patients. The primary method of cancer
diagnosis is histopathological assessment, however, its use remains controversial. It is an
invasive procedure and requires resources and clinical expertise not readily available. Non-
invasive clinical imaging has been studied as a clinically desirable method for cancer diagnosis,
however its diagnostic accuracy has yet to be established in the medical setting. With the
increased role of DTA research in medicine, the current literature needs to be summarized in an
effective way to properly educate and influence clinical decision-making. The objective of this
thesis is to address the current evidence gaps in DTA research by conducting several systematic
reviews to evaluate the accuracy of diagnostic methods in cancer-related imaging. The last
chapter of the thesis will provide a critical reflection on the current landscape of DTA studies in

cancer-related imaging, based on the findings of the reviews in the thesis.



Acknowledgements

My thesis could not have been completed without the invaluable guidance and support from

those around me including my supervisor, colleagues and my family.

I would like to thank my supervisor, Dr. Matthew McInnes, without whom my research would
not have been possible. You provided the information and resources needed during all stages of
my degree. Furthermore, not only did you develop my knowledge and skills in clinical
epidemiology, you went above and beyond to give me numerous opportunities to reach my
fullest potential as a researcher. I am truly grateful for the dedication you showed towards my

academic, professional and personal development.

I would like to thank my TAC members, Drs. Rodney Breau and Brian Hutton. You sacrificed

your time and energy to provide me guidance and support throughout my thesis project.

I would like to thank my fellow authors on all my projects. You provided me with great insight
into epidemiological methods and standardized practices in the clinical environment. I would
like to extend my gratitude to Dr. Robert Frank, Dr. Andreu Costa and Dr. Nicola Schieda for

their continued efforts throughout my projects.

I would like to thank my colleagues, especially Eric Lam, Nayaar Islam, Jean-Paul Salameh and
Sanam Ebrahimzadeh. You guided me through many challenges and always made yourselves
available when I required assistance. Your continued support was instrumental to the successful

completion of my projects.

I would like to thank the University of Ottawa, the Ottawa Hospital Research Institute (OHRI)
and the province of Ontario for providing financial support throughout my master’s degree.
These scholarships include the University of Ottawa’s Admissions Scholarship, the Graduate
Studentship for advanced training (OHRI) and the Queen Elizabeth II Graduate Scholarship in
Science and Technology (QEII-GSST) Program.

Finally, I would like to thank my family for their endless support. Their sacrifices gave me the
opportunity and confidence to pursue my academic goals. I would not be in the position I am

today without them.



Table of Contents

Preface.ueieninniiniecnieninneinneeniecseisaeissesssessssssssssssesssssesssssssssssassssesssssssassssassssessassssasens I
ADSTEACE . cceueeeniiiienienntecsntissaeniseessneessesssanessecsssesssnssssssssesssssessnsssassssassssessssssssssssassssesssssssassssassnses 11X
ACKNOWICAZEIMENTS ....cuurrirrrreisnrcssrncssrncssssecssssesssssesssssesssssosssssssssssosssssossssssssssssssssssssssssssssssssssss v
LISt Of TADIES ccccuueeiniriniiniiiiiniiinieniiennenieecnensnesssessssesssessssesssessssssssessssesssssssassssassssesssssssassss VIl
LSt Of FIGUIES.cucicueiiinniiiinriiiniininiinsntcnsnncsssncssssnssssssossssssssssesssssssssssssssssssssssssssssssssssssssssssssass VI
LiSt Of APPENAICES...ccnuiiiivriirrniissrninssnnissssncssssnesssncssssnsssssssssssssssssesssssesssssssssssosssssssssssossssssssnss VIII
Chapter 1. General INtroduction........c.eeiceiicivicnssnicnssnncssnicsssnecssssesssssesssssssssssesssssosssssssssssssssses 1
ODJECHIVE ... ettt ettt ettt e et e e et et e b et be et eene e 2
CRAPLEE A@SCTIPIIONS ...ttt ettt ettt e e e enee e 2
Chapter 2. Diagnostic accuracy of MRI for solid renal masses: A systematic review and
INETA-ANALYSIS. .. eeeuiieiieeii ettt ettt ettt e et et e e bt esteeebeesateeabeeeseeebeeeabeenbeeenbeenseeenaeenseeenns 2

Chapter 3. Association of Liver Imaging Reporting and Data System (LI-RADS) CT/MRI
Ancillary Features (AFs) with hepatocellular carcinoma (HCC) and Malignancy: Systematic

Review and Individual Participant Data (IPD) Meta-Analysis........ccccccveveiierieenieeniienieeneene 2
Chapter 4. Reflecting on the current landscape of diagnostic test accuracy studies in cancer-
TE1AtEd TMAZING. ... .eetiiiiiiiie ettt ettt e et sat e e bt e sbeesbeessbeesbeessseenseesnseenseennns 3
RESOTOICES ... ettt ettt ees 4

Chapter 2. Diagnostic accuracy of MRI for solid renal masses: A systematic review and

MELA-ANALYSIS. coeiervriiiiirinisrieniniesinicssnicsssnessssnsssssnesssssossssssssssssssssessssesssssesssssssssssosssssssssssssssssssssses 6
LIST Of QUEROFS ...ttt ettt et e ettt e e enes 6
P OIACE ...ttt 7
ABSIFACE ..ottt 9
TIEPOAUCTION. ...ttt sttt et 11
Materials And MEIROGS................c.ccccooiiioiiiiii it 12
RESULLS ..ottt 17
DI ISCUSSTON ...ttt ettt et ettt ettt et 19
CONMCIUSTON ...ttt ettt ettt ettt ettt et nne e 22
TADIES ...ttt ettt 23
FTIGUIOS ... et 28
REFOTOICES ...ttt ettt ettt ettt et 33



Chapter 3. Association of LI-RADS CT/MRI Ancillary Features with Hepatocellular
Carcinoma (HCC) and Malignancy: Systematic Review and Individual Participant Data

MEta-ANALYSIS c.eeiervuriessrncssnncssnnissssnessssnessssnssssssssssssssssssssssssssssssssssesssssssssssosssssossssssssssssssssssssssssss 39
LIST Of QUEROFS ...ttt ettt et e eite et eeabeeseeenneens 39
P OACE ...t ettt 41
ABSIFACE ..ottt 43
TIEPOAUCTION. ...ttt sttt 44
MEIROGS ...ttt 46
RESULLS ..ottt 48
DI ISCUSSTON ...ttt ettt et ettt ettt et 50
TADLES ANA FIGUIES ..ottt ettt et e et e e e taeesaeenaeens 54
REFOTOICES ...ttt ettt ettt et ettt et en 68
Chapter 4. Reflecting on the current landscape of diagnostic test accuracy studies in
cancer-related IMAZING ......cocvierveieriricssnicsssnessssnessssicsssncssssssssssssssssesssssessssssssssssssssssssssssssssssssns 74
LIST Of QUEROFS ...ttt ettt ettt e et e et e st e eseeenneens 74
P OACE ...ttt et 74
SUMMATY Of FINAINZS ..ottt ettt ettt e et eeaae e 75
Practical Considerations and Future ReSearch ...................c.cccccovoiioeniiviniiniiesieneeeeen, 75
LAMIEAIONS 1.ttt ettt ettt et sb et et sbe ettt e bt e b e e b enee 77
CONMCIUSTON ...ttt ettt ettt ettt ettt e bt e 80
REFOTOICES ...ttt ettt ettt et en 82
APPCIUIX.nuiirrenriiiesrensnenenssessansssessessacssnssaessasssssssessasssssssesssssassssessassssssssssasssssssessassssssasssassassssesss 83

Vi



List of Tables

Table | Description Page Number
2.1 Characteristics of included studies 23-26
2.2 MRI parameters used in included studies 27
3.1 Characteristics of included studies 56
3.2 Observation diagnosis and reference standard 58
33 Multivariable analysis of each ancillary feature (adjusted for major | 60-62
features) to determine the odds of hepatocellular carcinoma (HCC)
and malignancy
3.4 The within study (I?) and between study-variance (tau?) in each 67
random effects model, after adjusting for four major features.
List of Figures
Figure | Description Page Number
2.1 Flow diagram of study inclusion. 28
2.2 Risk of bias and applicability concerns for each study and domain | 29
using QUADAS-2.
23 sROC plot for the primary target condition: malignant vs. benign 30
solid renal masses (n=5).
24 sROC plot studies for the secondary target condition: ccRCC vs 31
other subtypes (n=6).
2.5 sROC curve of the sensitivity and specificity for each clear cell 32
likelihood score (ccLS).
3.1 Flow diagram of study inclusion. 54
3.2 Risk of bias and applicability concerns for each study. 59
33 Log odds ratios and 95% confidence intervals of each major feature | 63
and ancillary feature (adjusted for four major features) to determine
the odds of HCC.
3.4 Log odds ratios and 95% confidence intervals of each major feature | 65

and ancillary feature (adjusted for four major features) to determine
the odds of malignancy.

Vil




List of Appendices

Appendix | Description Page Number

2.1 Search Strategy. 83-84

2.2 World Health Organization (WHO) classification of tumours of | 86
the kidney.

23 Histologic classification of aggressive versus indolent renal 87
tumors.

24 Modified QUADAS-2 signalling questions for risk of bias and 88-89
applicability assessment.

2.5 Specific subtypes of solid renal masses used in each study. 90

2.6 Detailed description of MRI parameters used in imaging of renal | 92-95
masses.

2.7 MRI features used for diagnosis of target condition among renal | 96-101
masses.

2.8 Individual two-by-two data and forest plots of the included 102
studies for the primary target condition: malignant vs. benign
solid renal masses (n=5).

2.9 Individual two-by-two data and forest plots of the included 103
studies for the secondary target condition: ccRCC vs other
subtypes (n=6).

2.10 Individual study data for the diagnoses of ccRCC using ccLS 104
scores (n=3).

3.1 Composite Reference Standard. 105

3.2 Search strategy used in chapter 3. 106-109

33 Data dictionary send to authors contributing IPD. 110-115

34 Modified QUADAS-2 signalling questions to determine the risk | 116-118
of bias and applicability concerns of included studies.

3.5 Reporting of CEUS ancillary features in included studies. 119

3.6 Multivariable analysis of each ancillary feature, adjusted for 120
major features (except threshold growth), to determine the odds
of HCC.

3.7 Multivariable analysis of each ancillary feature, adjusted for 121
major features (except threshold growth), to determine the odds
of malignancy.

3.8 Results from the secondary analysis. 122

3.9 Multivariable analysis of each ancillary feature, adjusted for 123-124
major features to determine the odds of HCC and malignancy.

3.10 Multivariable analysis of each ancillary feature, adjusted for all | 125-126
major features, to determine the odds of HCC.

3.11 Multivariable analysis of each ancillary feature, adjusted for all | 127-128
major features, to determine the odds of malignancy.

3.12 The within study (I?) and between study-variance (tau®) in each | 129

random effects model, after adjusting for all major features.

Vil




Chapter 1. General Introduction

Diagnostic test accuracy (DTA) studies evaluate the performance of diagnostic tests in
the medical field (1). These studies are based on the ability of a test to differentiate the presence
or absence of a disease, compared to the current “gold” standard (2, 3). The results of DTA

studies are summarized in DTA systematic reviews.

Systematic reviews are the highest level of evidence in clinical research (4). They provide
an overview of the current literature, in a systematic and transparent manner (1). All applicable
studies are assessed for quality, and if appropriate, the results are summarized using a meta-
analysis (1, 3). The results of reviews are commonly presented using sensitivity and specificity,
as well as other summary measures including forest plots, and summary receiver operating
characteristics (SROC) curves (1). Sensitivity is defined as the probability of getting a positive
result given a subject has the disease (5). Specificity is defined as the probability of obtaining a
negative result given a subject does not have the disease (5). Both measures are strong
indicators’ of the clinical effectiveness of a test, as they are not influenced by the disease

prevalence (1, 3, 5).

The goal of systematic reviews is to inform and support the delivery for evidence-based
practice. The outcomes of these reviews play a role in the policies adopted in healthcare settings.
Therefore, it is critical that reviews are conducted on current research to advance the knowledge

and practices of medicine.

Cancer is the primary cause of death in Canada (6). In 2021, it was estimated that 229
200 people will be diagnosed with cancer, and 84 600 people will die from cancer (6). The
increase in cancer diagnosis and deaths places a greater demand for diagnostic tests. The gold
standard for diagnostic tests in cancer is pathological assessment (ex. Biopsy), however it is not
clinically favorable (7-10). Procedures are highly invasive and requires resources and clinically
expertise not universally available (7-10). The use of non-invasive imaging is clinically preferred
for diagnosis, however studies evaluating the diagnostic accuracy of computed tomography
(CT), magnetic resonance imaging (MRI) and other imaging modalities have yet to establish

their accuracy in diagnosis. With the increased role of DTA research in medicine (11, 12), it is



essential that the effectiveness of current and novel diagnostic approaches are rigorously

evaluated, to properly inform decision-making in the medical field.

Objective

To address the current evidence gaps in DTA research, several systematic reviews will be
conducted to evaluate the accuracy of diagnostic methods in cancer-related imaging. The
diagnostic accuracy systematic reviews will adhere to the methodologic guidance from the
Cochrane DTA methods group (13) and the and is reported according to the preferred Reporting
Items for a Systematic Review and Meta-analysis of Individual Participant Data (PRISMA-IPD)
and PRISMA for Diagnostic Test Accuracy (DTA) guidelines (14, 15).

Chapter descriptions

Chapter 2. Diagnostic accuracy of MRI for solid renal masses: A systematic review and meta-

analysis.

The purpose of this systematic review is to summarize the available evidence on the
diagnostic accuracy of bi-parametric MRI (bpMRI) and multi-parametric MRI (mpMRI) for
diagnosis of malignant (versus benign) solid renal tumors. Secondary objectives are the
evaluation of the accuracy for diagnosing aggressive (versus indolent) tumors and clear cell renal
cell carcinoma (ccRCC) (versus any other histologic diagnosis) among solid renal masses, and to

identify sources for variability in accuracy.

Chapter 3. Association of Liver Imaging Reporting and Data System (LI-RADS) CT/MRI Ancillary
Features (AFs) with hepatocellular carcinoma (HCC) and Malignancy: Systematic Review and

Individual Participant Data (IPD) Meta-Analysis

The purpose of this IPD meta-analysis is to evaluate the association of AFs with HCC
and malignancy in a model that includes LI-RADS major features. The secondary objective is to

assess the proportion of observations that exhibited each AF.



Chapter 4. Reflecting on the current landscape of diagnostic test accuracy studies in cancer-

related imaging

This section summarizes the findings of the previous articles and evaluates their clinical
impact. Furthermore, it evaluates pitfalls in current DTA research and how they could be

addressed to improve the quality of imaging research.
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Abstract

Background: Biparametric(bp)-MRI and multiparametric(mp)-MRI may improve the diagnostic

accuracy of renal mass histology.

Purpose: To evaluate the available evidence on the diagnostic accuracy of bp-MRI and mp-MRI
for solid renal masses in differentiating malignant from benign, aggressive from indolent, and

clear cell renal cell carcinoma(ccRCC) from other histology.

Study Type: Systematic review

Population: MEDLINE, EMBASE, and CENTRAL up to January 11,2022 were searched.
Field Strength/Sequence: NA

Assessment: Eligible studies evaluated the accuracy of MRI (with at least two sequences: T2,
T1, dynamic contrast and diffusion-weighted imaging) for diagnosis of solid renal masses in
adult patients, using histology as reference standard. Risk of bias and applicability were assessed

using QUADAS-2.
Statistical Tests: Meta-analysis using a bivariate logitnormal random effects model.

Results: We included 10 studies (1239 masses from approximately 1200 patients). The risk of
bias was high in three studies, unclear in five studies and low in two studies. The diagnostic
accuracy of malignant (vs benign) masses was assessed in five studies (64%][179/281]
malignant). The summary estimate of sensitivity was 95%(95% confidence interval(CI):77%-
99%), and specificity was 63%(95%CI1:46%-77%). No study assessed aggressive (vs indolent)
masses. The diagnostic accuracy of ccRCC (vs other subtypes) was evaluated in six studies
(47%][455/971]ccRCC): the summary estimate of sensitivity was 85%(95%CI:77%-90%) and
specificity was 77%(95%CI:73%-81%).

Data Conclusion: Our study reveals deficits in the available evidence on MRI for diagnosis of
renal mass histology. The number of studies was limited, at unclear/high risk of bias, with
heterogeneous definitions of solid masses, imaging techniques, diagnostic criteria, and outcome

measurcs.



Keywords

Diagnostic accuracy; systematic review; multi-parametric MRI; bi-parametric MRI; renal mass

histology; clear cell renal cell carcinoma
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Introduction

Renal cell carcinoma (RCC) is the most common kidney cancer and is frequently an
incidental imaging finding (1-3). The increasing detection of renal tumours in imaging studies (4,
5) necessitated an increase in the number of surgeries and renal tumour ablations performed (6).
However, renal cancer-specific mortality has remained relatively stable over the same time
period (7). Therefore, active surveillance has been proposed as an alternative management option
for incidentally discovered small renal masses in selected patients and is growing in popularity in

clinical practice (1, 8-10).

Decision-making for treatment of renal mases is individualized and should ideally be
patient and tumor-specific (11, 12). Currently, initial management decisions regarding active
surveillance versus extirpative treatment generally do not consider the histological diagnosis of a
mass, but instead rely primarily on patient age, comorbidities, and mass size + growth rate,
because histologic confirmation requires invasive needle biopsy (1). Among solid renal masses, a
diagnosis of malignancy, and particularly aggressive histology among malignant tumors, may
influence management decisions. Up to 20% of small solid renal masses are benign in large
surgical series (13, 14). Even when malignant, many small renal tumors are clinically indolent
with low rates of disease progression or metastasis, and the proportion of indolent RCCs is
higher in smaller masses (15, 16). Predicting aggressive behavior can be challenging; however,
adverse pathological features (e.g., higher grade, sarcomatoid differentiation, necrosis) are

important for indicating aggressive disease (17).

Among the most common subtypes of RCC, clear cell RCC (ccRCC) is typically
considered the most aggressive, with the highest risk of disease progression and metastasis (18).
Therefore, pre-treatment knowledge of malignant histology, and particularly aggressive

histology, could help inform the most appropriate patient management.

Pre-treatment histological diagnosis of renal masses can be achieved through renal mass
biopsy (19). Biopsy generally has a low complication rate and high diagnostic accuracy, in
adequate samples, for benign versus malignant disease and high pathological concordance to
mass subtype after nephrectomy (20). However, biopsy is still invasive, requires technical

expertise that is not universally available, adds another step to patient management, and has a

11



non-diagnostic rate of up to 14%, which contributes to underutilization in clinical practice (21-
24). The use of non-invasive imaging to diagnose renal mass histology is therefore clinically
desirable. Yet, to date, studies evaluating the diagnostic accuracy of both CT and MRI to

diagnose solid renal mass subtypes are limited.

There is growing interest in the use of MRI, in particular MRI which combines two (bi-
parametric MRI [bpMRI]) or more (multi-parametric [mpMRI]) sequences for diagnosis of renal

mass subtypes (25), given the wealth of imaging data afforded by these imaging techniques (26).

Although previous studies have evaluated the morphological differences between malignant and
benign renal masses, the accuracy of MRI for differentiating benign from malignant solid renal

masses is inconsistent (27, 28).

The purpose of this systematic review was to summarize the available evidence on the
diagnostic accuracy of bpMRI and mpMRI for diagnosis of malignant (versus benign) solid renal
tumors. Secondary objectives were to evaluate the accuracy for diagnosing aggressive (versus
indolent) tumors and clear cell RCC (versus any other histologic diagnosis) among solid renal

masses, and to identify sources for variability in accuracy.

Materials and methods

This diagnostic accuracy systematic review adhered to the methodologic guidance from
the Cochrane DTA methods group (29) and is reported according to the PRISMA-DTA
guidelines (30, 31). Institutional ethics approval is not required for this study type at our
institution. The study protocol was registered before initiation with PROSPERO
(CRD42022303844).

Study Question

The following ‘Patient, Index Test, Target Condition’ (PIT) question was constructed.

Patients: Adult patients with solid renal masses

Index Test: MRI of the kidneys, with at least 2 clinically routine sequences (T2W, T1-chemical

shift, dynamic contrast enhancement and/or diffusion weighted imaging).

12



Target Condition: Primary = malignant tumor (vs. benign); Secondary = aggressive tumor (Vs.

indolent) and ccRCC (vs any other solid mass).

Protocol Deviation

An earlier version of the study protocol planned for the assessment of diagnostic
accuracy of mpMRI (use of 3 or more sequences) only; however, after initial search, it was
determined that the number of studies with the appropriate index test (and meeting all other
inclusion criteria) was minimal (6 total; 3 for the primary outcome and for the secondary
outcome ccRCC vs. other). The study protocol was subsequently modified to include bi-

parametric MRI as an index test.

Search

The search included MEDLINE, EMBASE, and Cochrane Central Register of Controlled
Trials (CENTRAL), with the assistance of an experienced hospital librarian (search details are
shown in Appendix 2.1). There was no date or language restriction. All original research except
for case reports were included in the search; non-original research (reviews, commentary, letter

to the editor) were excluded.

Initial screening of search results based on title and abstract was performed independently
by two reviewers (RAF [4™ year radiology resident] and HD [1% year graduate student]). Any
study deemed potentially eligible by either reviewer was independently evaluated by the same 2
reviewers and the study was included if deemed eligible by both. Discrepancies were resolved by
consensus discussion; persistent disagreements were resolved by discussion with a third reviewer
(MM or NS [Staff radiologists, each with 10+ years of meta-research and abdominal imaging
experience]. The reference lists from all included studies were checked for additional eligible
citations. If studies contained overlapping study groups, the study with the largest sample size

was used.

Inclusion Criteria
To be included in the review, a study was expected to meet the following criteria: the
study group included adult patients with a solid renal mass (any definition of “solid” was

acceptable), MRI of the kidneys was performed with at least two clinically routine sequences (T2
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weighted, T1-chemical shift [T1 in phase and out of phase], dynamic contrast-enhanced (DCE)

and diffusion-weighted imaging (DWI)), and the reference standard was histological assessment.

The final MRI interpretation could be either purely subjective (e.g. radiologist impression) or
contain quantitative elements [e.g., region of interest (ROI) measurements, Signal Intensity
ratios, DCE curves]. To be included, DCE sequences required pre-contrast, corticomedullary,
and nephrographic phases. Studies that evaluated entirely quantitative diagnostic criteria
(including ROI measurements) and non-human interpretation models (e.g., texture analysis,
radiomics, multivariable prediction models, or similar) were excluded due to a lack of formal
governing body administrative approval for routine clinical use. Studies that did not contain
sufficient data to calculate a 2 x 2 contingency table were excluded due to concerns over

reproducibility.

Index Test Interpretation
The definition of a ‘positive’ result was based on the criteria applied in each included

primary study.

Reference Standard

For the primary target condition (malignant vs. benign), the diagnosis was considered
‘positive’ if the reported pathologic diagnosis was classified as a ‘malignant tumor’ as defined by
the morphology code in the 2016 World Health Organization classification of renal tumors
(Appendix 2.2) (32) and was considered ‘negative’ if any other pathologic diagnosis was
reported. If the classification remained indeterminate based on the WHO classification, the
criteria defined in a prior study by Bhindi et al. (17) was used as secondary classification tool

(Appendix S2.3).

For the secondary target condition ‘aggressive vs. indolent’, the diagnosis was considered
‘positive’ if the reported pathologic diagnosis was an ‘aggressive tumor’ as defined in appendix

2.3 (17), and was considered ‘negative’ if any other pathologic diagnosis was reported.
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For the secondary target condition of ‘clear cell RCC vs. other’, the diagnosis was
considered ‘positive’ if the reported pathologic diagnosis was ‘clear cell renal cell carcinoma’ of
any grade and was considered ‘negative’ if any other pathologic diagnosis was reported

(including other RCC subtypes, any other malignancies, and any benign diagnosis).

When sufficient histological details were available, tumors were characterized according
to the 2016 WHO classification system (32) and in the case of a discrepancy with the reported
pathologic result in a primary study, the retrospectively determined 2016 WHO classification

was used.

Data Extraction

After a pilot of the data extraction form on one study by two investigators (RAF and
HD), the following data were extracted from included studies in duplicate: first author, year of
publication, study details (data collection [before the index test and reference standard were
applied vs after], patient enrolment [consecutive vs. convenience vs. random], study design
[randomized trial vs. cohort vs. case-control], funding source), number of patients, number of
masses, patient age (mean, range), definition of ‘solid’ mass, technical parameters of the index
test (magnet strength, sequences performed, b-value of DWI if performed, number and timing of
post-contrast phases if DCE performed), imaging features/criteria used to define a ‘positive’
diagnosis, reference standard details (biopsy vs partial nephrectomy vs. total nephrectomy), final

pathologic/histologic diagnosis.

The number of true positives (TP), true negatives (TN), false positives (FP), and false
negatives (FN) was extracted for construction of 2x2 contingency tables. For each outcome
(target condition definitions as per above), TP was defined as: “positive’ by MRI criteria and
‘positive’ on final pathology, TN was defined as: ‘negative’ by MRI criteria and ‘negative’ on
final pathology, FP was defined as ‘positive’ by MRI criteria and ‘negative’ on final pathology,
and FN was defined as ‘negative’ by MRI criteria and ‘positive’ on final pathology.

Risk Of Bias And Applicability Assessment

Risk of bias was assessed using a customized version of the QUADAS-2 tool based on

the four domains of study selection, index test, reference standard, and flow and timing (See
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appendix 2.4 for the full QUADAS-2 criteria tailored for this study question). Concerns
regarding applicability were also assessed using the QUADAS-2 tool (33). The customized tool
was applied to all studies in duplicate by 2 investigators (RAF and HD) with disagreements
resolved by consensus and discussion with a third investigator (MM or NS) when necessary.
Selective reporting (e.g. non-reporting) was classified as high risk of bias, if the element not
reported was critical to the inclusion of the study. The risk of publication bias was not assessed,

as per contemporary guidance (34).

Data Analysis

The per-lesion 2x2 data were summarized in forest plots of sensitivity and specificity
with 95% confidence intervals for each study. Summary receiver operating characteristic
(SROC) plots with 95% confidence intervals and 95% prediction regions were constructed for
each outcome using MetaDTA (35, 36). Summary estimates of the sensitivity and specificity of
bpMRI or mpMRI for each target condition (malignancy, ‘aggressive’ tumor, and clear cell
RCC) were obtained with a bivariate binomial random effects model, using a generalized linear
mixed model approach (37, 38). The summary estimate of sensitivity and specificity represent

the means of the underlying bivariate logitnormal distribution.

If accuracy results were presented for multiple readers in a single primary study, they
were averaged across the readers and inter-observer variability was extracted from these studies
(39). If multiple thresholds or criteria for positivity were reported in a single primary study,
accuracy estimates were extracted separately and modeled using a linear mixed effects model for

modeling multiple threshold data, as described in Schneider et al. (40-42).

All studies that used the clear cell likelihood score (ccLS) (a 5-point scoring system that
incorporates mpMRI imaging features in diagnosing ccRCC) were defined as ccRCC “positive”
if they had score of 4 or 5 (18, 43), while other masses (ccLS 1-3) were classified as “negative”
(18, 43). The classification of ccLS scores as either ccRCC positive or negative was decided
after data extraction, but in accordance with guidance from the authors who derived the system
(44). If sufficient studies were available, the 2x2 data for individual thresholds would be
modeled using the analysis for multiple thresholds described above. The diagnostic accuracy at

each threshold score was summarized using an SROC plot.
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Analyses were planned to assess sources of variability in the data. The diagnostic
accuracy of bpMRI and mpMRI individually would have been assessed by stratifying studies
according to the number and combination of sequences used in diagnosis. Stage cT1a (<4 cm)
masses were to be grouped together to determine the effect of renal mass size on diagnostic
accuracy. Subgroups were planned according to differences in diagnostic criteria applied and
parameters used in the MRI protocol (exact approach to stratification was determined based on
heterogeneity of included primary studies). Lastly a sensitivity analysis would have been

conducted to determine the effect of individual studies on the summary estimates.

Data analysis was performed using RevMan 5 (Version 5.4.1) (45) and the ‘Ime4’
package in R (version 4.0.3) (46).

Results

Study Selection

Our literature search was updated through January 11%, 2022 (Schieda 2022 (47) was
obtained after the search date after researchers in the area, who were known to be conducting
studies for “preprint data”, were contacted). We identified 2137 titles and abstracts for initial
screening; 1852 articles were excluded after title and abstract review and 273 were excluded
after full-text review. Ten unique articles were included in the review: 5 studies for the primary
target condition comparing malignant and benign renal masses, 0 studies for the secondary target
condition comparing aggressive and indolent masses, and 6 studies for the secondary outcome
comparing ccRCC and other histological subtypes. The study by Baldari et al. (48) was included

in both analyses. Study selection and the reasons for exclusion are detailed in Figure 2.1.

Study Characteristics

Table 2.1 provides the characteristics of the included studies. All studies were conducted
between 2015 and 2022. In all studies, the reference standard and index test were performed
before data collection. The review included a total of 1239 renal masses from approximately
1200 adult patients (one study did not report the number of patients). The number of masses in
each study ranged from 18-454, with seven of the ten studies containing less than 100 masses.

All studies used histopathological assessment as the reference standard to diagnose malignancy
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or histological subtype. The specific histologic diagnosis of the masses in each study can be

found in appendix 2.5.

Eight of the ten included studies evaluated multi-parametric MRI, with 6 of those studies
using T2 weighted, chemical shift [T1 in phase and out of phase] and DCE sequences. Table 2.2
and appendix 6 and 7 provide a detailed description of the MRI sequences used in each study.
The following studies used ccLS to diagnoses clear cell RCC from other renal masses: Steinberg

2021(18, 43), Canvasser 2017 (43) and Schieda 2022 (47).

Quality Assessment

The study-level results of the evaluation of risk of bias and applicability concerns, using
the quality assessment of diagnostic accuracy studies-2 tool (QUADAS-2), are shown in Figure
2.2. The risk of bias in patient selection was unclear in seven studies because information about
patient enrolment was not provided. The risk of bias in the index test was unclear in two studies
and high in five studies because the diagnostic criteria were not adequately specified in the

methods section (unclear risk of bias), or not reported (high risk of bias).

Applicability concerns for patient selection were high in four studies (proportion of cystic
vs solid was not reported) and unclear in four studies (definition of “solid” was not specified).
Applicability concerns regarding the index test were high in three studies and unclear in five
studies since the timing of post-contrast phases were not specified in the former or did not
resemble the recommendations of the “Society of Abdominal Radiology Disease Focused Panel

on Renal Cell Carcinoma” in the latter (25).

Meta-Analysis Of Diagnostic Accuracy

The summary estimate for sensitivity in detecting malignant solid renal masses using
bpMRI and mpMRI was 0.95 (95% CI, 0.77-0.99) and for specificity 0.63 (95% CI, 0.46-0.77)
(Appendix 2.8). The forest plot of sensitivity and specificity for each included study is presented
in appendix 2.8. The scatter of the study points is displayed on the SROC plot (Figure 2.3). The
variance (tau-squared) of the random effects parameters is 2.35 and 0.28 for the sensitivity and
specificity respectively. Overall, the SROC plot shows a high degree of variability in sensitivity
and specificity.
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No study had reported the diagnostic accuracy of bpMRI or mpMRI for aggressive versus

indolent renal masses.

The summary estimate for sensitivity in differentiating clear cell RCC from other renal
subtypes using bpMRI or mpMRI was 0.85 (95% CI, 0.77-0.90) and for specificity 0.77 (95%
CI, 0.73-0.81) (Appendix 2.9). The forest plot of the sensitivity and specificity of each study is
presented in appendix 2.9. The scatter of the study points is displayed on the SROC plot (Figure
2.4).

The variance (tau-squared) of the random effects parameters is 0.20 and 9.06x10¢ for the
sensitivity and specificity, respectively. Overall, the SROC plot shows a moderate degree of

variability in sensitivity and small degree of variability in the specificity.

The data from the studies that used ccLS scores to diagnose clear cell RCC are presented
in the appendix (Figure 2.5, Appendix 2.10). A ccLS score of 5 had the highest specificity
(Range: 0.92-0.93) and a ccLS score of 1 had the highest sensitivity (Range: 0.99-1.00). A meta-

analysis for the ccLS scores was not conducted due to the limited number of studies.

The number of included studies in this review was insufficient to conduct the planned

analyses for sources of variability for any of the objectives.

Discussion

This study aimed to synthesize the available evidence regarding the accuracy of bpMRI
and mpMRI for diagnosis of solid renal masses. We observed a summary sensitivity of 95% at a
specificity of 63% for differentiation of malignant from benign solid renal masses. For one of our
secondary objectives, the ability of bpMRI or mpMRI to differentiate aggressive from indolent
renal masses, we found no eligible studies. For our other secondary objective, diagnosis of clear
cell RCC subtype, we observed a summary sensitivity of 85% for a specificity of 77%. Both
meta-analyses demonstrate wide variability in study level point estimates, suggesting that the
summary estimates may be influenced by other variables or be caused by random chance. The
confidence region and prediction region are both quite large for the primary outcome, indicating

that the true value of the mean accuracy, and the result of subsequent primary studies, could be
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substantially different from the summary estimates determined in this study. Given the small

number of included studies, identification of sources of variability was not possible.

In addition to the scarcity of published evidence on the outcomes of interest, there was
high or unclear risk of bias in most included studies synthesized in this review, which limits our
confidence in application of these results in routine clinical practice. The nature of the included
primary studies is a potential source of variability, due to the heterogeneity with respect to the
study populations (including definitions and proportions of solid versus cystic masses), imaging
techniques (all studies used T2, 9/10 studies used DCE, and 6/10 studies used DWI and T1), and

the diagnostic criteria used.

The available evidence on the diagnostic accuracy of MRI for differentiating benign from
malignant solid renal masses is inconsistent. The results of previous studies are probably highly
influenced by the study group and index test used, which are often not representative of the
diagnostic accuracy of MRI in the clinical setting since they typically use nonconsecutive
samples with preselected renal mass subtypes. For example, a study by Wilson et al. concluded
that MRI was sensitive (83%) and highly specific (90%) in distinguishing lipid-poor AML, but
the study sample was highly heterogenous (28). In this review, studies that included
oncocytomas and other less common benign masses reported lower sensitivity with wider
confidence intervals, compared with studies that contained only lipid-poor AML (28). In
addition, studies that only included lipid-poor AML as benign masses were compared to a select
group of renal mass subtypes, which is not reflective of clinical practice (28). From the studies
included in our review, only De Silva 2021 showed good sensitivity and specificity, however
selection of masses used in the study was unclear. Although the diagnostic accuracy of bpMRI
and mpMRI is inconclusive, this review reinforces the need for consistent study design when
evaluating the diagnostic accuracy of solid renal masses. The study sample requires a diverse,
ideally consecutive, set of the various malignant and benign masses encountered in clinical

practice, not solely focusing on a pre-selected subtype of masses.

Diagnostic tests to improve histology prediction may have clinical utility. Approximately
20% of small renal masses (<4cm) are benign and up to 80% are indolent (17, 49). For patients

with small renal masses, age, sex, tumour size/location, symptoms, and smoking history are
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associated with risk of malignancy and aggressive malignancy. However, the discriminative
accuracy of these clinical and imaging characteristics is poor to moderate (17, 49-51). It is
possible that the addition of mpMRI to existing clinical prediction models improves accuracy

and allows more patients to avoid tumour biopsy and/or treatments.

Patients with metastatic RCC may also benefit from non-invasive determination of
histology. Patients with metastases usually have large renal masses. The decision to perform a
cytoreductive nephrectomy and the selection of systemic medical treatments are influenced by
histologic subtypes where clear cell tumours are much more likely to respond to immunotherapy
and tyrosine kinase inhibitors (52). An accurate and non-invasive assessment of clear cell
histology could potentially avoid the need for biopsy and facilitate earlier initiation of systemic

treatments.

In this review, three of the six studies evaluating the diagnostic accuracy of ccRCC had
either a very small sample size (18 masses in Baldari 2015) (48) or minimal diversity in the
sample population (less than two masses used in the comparator group in Nikpanah 2021 and
Cupido 2017) (53, 54). These do not reflect the natural prevalence of clear cell RCC versus other
tumors in clinical practice and influence the accuracy estimates. The other included studies
showed moderate sensitivity and specificity, but these require validation of diagnostic criteria.
Based on the few studies, at a high risk of bias, identified in this review, it is clear that more
high-quality evidence is needed before mpMRI can be considered as part of a clinical prediction

model.

Limitations

This systematic review has several limitations. Firstly, differences in the design of
included studies increases the potential for selection bias. The imaging parameters and diagnostic
criteria used have a direct effect on the quality of the index test, impacting the diagnostic
accuracy of our index test. Moreover, the solid-to-cystic proportion, the number of different
subtypes and the size of masses used could overestimate or underestimate the summary estimates
for each study. Secondly, the estimates had a high degree of variability and a subgroup analysis
could not be conducted to evaluate for sources of variability. Thirdly, several studies had a high

or unclear risk of bias, often due to incomplete reporting of study details, creating uncertainty in
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our synthesis of the literature. Lastly, spectrum effects could not be evaluated in this review due
to the limited number of studies. Differences in the renal mass size or tumor grade may be
associated with imaging characteristics, therefore the prevalence of tumour sizes and histology

within each study may affect diagnostic performance.

Conclusion

In conclusion, the diagnostic accuracy of bpMRI and mpMRI for solid renal masses is
unclear based on the available evidence. There are deficits in the availability and quality of
evidence for the diagnosis of malignant pathology, aggressive pathology, and clear cell RCC
among solid renal masses, Our results indicate substantial variability in the reported accuracy
estimates for diagnosis of malignancy and ccRCC, due to unknown sources, however we
observed differences in patient populations, definitions of solid masses, imaging techniques and
diagnostic criteria between primary studies. No study has evaluated accuracy of MRI for
diagnosis of aggressive versus indolent renal masses. Future primary studies can improve
consistency and generalizability by emphasizing the use of clinically routine MRI techniques and
evaluating a study population that is relevant to clinical practice. The implementation of
reporting guidelines, standardized imaging techniques, and universally accepted definitions for
solid, aggressive and indolent masses could improve study quality and the validity and

applicability of final results.
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Table 2.1. Characteristics of included studies
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United ) Research-
(53) standard ma t subset specified .
States National
were (of 243
applied total) Canf: o
pp Institute and
the National
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Institutes of
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appie Science
Foundation
of China.
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Table 2.2. MRI parameters used in included studies

Magnetic Post-contrast phases
Index test Other phases . Nephrographic Enhancement
ALY sequence(s) applied field strength, used Cortlco.m?dullary phase timing Agent
T phase timing (sec.) (sec.)
T2, T1 (in-phase, . . Gadopentetate
Xu202la | out-of-phase), DCE, | 1.5T/3.0T No ?u?flfi on time ﬁ?: dﬁf COMICO™ | Gimeglumine or
DWI £ P gadobutrol
Steinber T2, T1 (in-phase,
€ | out-of-phase), DCE, | 1.5T/3.0T No NR NR NR
2021
DWI
Iz\glzqfanah T2, T1, DCE 1.5T No 20 70 Gadobutrol
T2, T1 (in-phase,
oyl out-of-phase), DCE, | 1.5T No NR NR Gadobenate
2018 dimeglumine
DWI
Supdo |2, peE 15T No 30 90 Gadobutrol
Canvasser | T2, T1 (in-phase,
2017 out-of-phasc), DCE 1.5T/3.0T No NR NR NR
Baldari T2, T1 (in-phase, .
2015 out-of-phase), DCE NR No 40-55 90-120 Gadopentic acid
Xu2021b | T2, DWI 3.0T No NA NA NA
?Oezi’ﬂva T2, DCE, DWI 3.0T No NA NA NR
. T2, T1 (in-phase,
Schieda | |/ o phase). DCE, | 1.5T/3.0T No 30 100 Gadobenate
2022 DWI dimeglumine

NA- Not applicable; NR-Not reported; DWI-Diffusion weighted imaging; DCE- Dynamic contrast enhancement
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Figure 2.1. Flow diagram of study inclusion. The study by Baldari et al ([48]) was included in

analyses for both the primary objective and secondary objective #2.
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Figure 2.2. Risk of bias and applicability concerns for each study and domain using QUADAS-

2. Risk of bias and applicability concerns were ranked as low (+) , unclear (?) or high (-).
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Figure 2.3. sSROC plot for the primary target condition: malignant vs. benign solid renal masses
(n=5). Summary point estimate, 95% confidence region and 95% predictive region were
calculated using the bivariate random effects model based on the Ime4 package in R. Individual
study data is presented using the clear black circles, with the size of each data point representing
the relative study weight. The solid blue square represents the summary point for all studies. The
data points were color coded by index test (red: bpMRI; black: mpMRI). The figure was
generated using the Ime4 package in MetaDTA [35, 36].
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Figure 2.4. sSROC plot studies for the secondary target condition: ccRCC vs other subtypes
(n=6). Summary point estimate, 95% confidence region and 95% predictive region were
calculated using the bivariate random effects model based on the Ime4 package in R. Individual
study data is presented using the clear black circles, with the size of each data point representing
the relative study weight. The solid blue square represents the summary point for all studies. The
data points were color coded by index test (red: bpMRI; black: mpMRI). The figure was
generated using the Ime4 package in MetaDTA [35, 36].For studies that used ccLS for diagnosis,
masses were defined as ccRCC “positive” if they had score of 4 or 5 [18, 43], while other masses

(ccLS 1-3) were classified as “negative.”
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Figure 2.5. sSROC curve of the sensitivity and specificity for each clear cell likelihood score
(ccLS). Steinberg 2021 [18], Canavsser 2017 [43] and Schieda 2022 [47] used ccLS scores to
diagnose ccRCC. Point estimates were calculated using the linear mixed effects model for
modeling multiple threshold data, as described in Schneider et al. [40-42] The figure was

generated using R.
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Abstract

Background: The independent contribution of each Liver Imaging Reporting and Data System
(LI-RADS) ancillary feature (AF) is not established.

Purpose: To evaluate the association of each AF with hepatocellular carcinoma (HCC) and
malignancy, while adjusting for major features through an individual participant data (IPD)

meta-analysis.

Materials and Methods: MEDLINE, Embase, Cochrane Central Register of Controlled Trials,
and Scopus databases were searched from 2014-2022 for studies evaluating the diagnostic
accuracy of CT and MRI for HCC, using LI-RADS v2014/2017/2018). Using a one-step
approach, IPD across studies were pooled. Adjusted odds ratios (ORs) and 95% confidence
intervals (Cls) were derived from multivariable logistic regression models of each AF combined
with major features except threshold growth, which was excluded because of infrequent
reporting. Liver observation clustering was addressed at the study and patient levels through
random intercepts. Risk of bias was assessed using Quality Assessment of Diagnostic Accuracy

Studies 2 (QUADAS-2). (Open Science Framework protocol: https://osf.io/rpg8x).

Results: Twenty studies comprising 3091 observations (2456 patients) were included. 89% (8/9)
AFs favoring malignancy were associated with malignancy and/or HCC, 80% (4/5) AFs favoring
HCC were associated with HCC, and 57% (4/7) AFs favoring benignity were negatively
associated with HCC and/or malignancy. Nonenhancing capsule (OR: 3.50[95% CI=1.53-8.01])
and subthreshold growth (OR: 3.21[95% CI=1.26-8.17]) had the strongest association with HCC.
Restricted diffusion (OR: 14.45[95% CI=9.82-21.27]) and mild-moderate T2 hyperintensity
(OR: 10.18[95% CI=7.17-14.44]) had the strongest association with malignancy. The strongest
negative association with HCC were parallels blood pool (OR: 0.07[95% CI=0.01-0.49]) and
marked T2 hyperintensity (OR: 0.18[95% CI=0.07-0.45]). Seventeen studies (85%) had a high

risk of bias.

Conclusion: Most LI-RADS AFs are independently associated with HCC, malignancy, or

benignity as intended, when adjusting for major features. Our results highlight areas for refining
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LI-RADS. Future LI-RADS revisions would be better informed with more research using

standardized methodology.

Summary Statement: 89% (8/9) AFs favoring malignancy were associated with malignancy
and/or HCC, 80% (4/5) AFs favoring HCC were associated with HCC, and 57% (4/7) AFs

favoring benignity were associated with benignity.

Key Results:
e Apart from fat sparing in solid mass, all AFs favoring malignancy in general showed an
independent association with HCC or malignancy.
e Apart from blood products in mass, all AFs favoring HCC in particular showed an
independent association with HCC.
e Of AFs favoring benignity, size stability >2 years, size reduction, and undistorted vessels

did not show an independent association with benignity

Abbreviations:
LI-RADS: Liver imaging reporting and data system; CT: Computed tomography; MRI:

Magnetic resonance imaging; AF: Ancillary feature; HCC: hepatocellular carcinoma
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Introduction

The American College of Radiology Liver Imaging Reporting and Data System (LI-
RADS, LR) (1) is a standardized guideline for performing, interpreting and reporting imaging of
patients at risk for hepatocellular carcinoma (HCC). LI-RADS is integrated with the American
Association for the Study of Liver Diseases (AASLD) 2018 and 2023 HCC clinical practice
guidance (2, 3). LI-RADS provides several advantages, including standard technical parameters
for CT, MRI, and contrast-enhanced ultrasound (CEUS) (4) of the liver, a consistent terminology
for describing imaging findings to avoid ambiguity with respect to HCC risk (5), and a
framework for interpreting major and ancillary imaging findings to provide ordinal categories

reflecting a probability of HCC and overall malignancy (6).

Although LI-RADS has undergone four major updates in response to growing evidence
(7), knowledge gaps remain. One identified by the LI-RADS Evidence and Research Working
Group is the contribution of ancillary features (AFs) towards LI-RADS diagnostic performance
(8). Whereas major features have been extensively investigated, including in systematic reviews
(9, 10), evaluations of inter-reader variability (11, 12), and a recent individual participant data
(IPD) meta-analysis (13), there is little evidence on the diagnostic value of AFs independent of
major features. AFs are imaging findings that favor either malignancy in general, HCC in
particular, or benignity. AFs can be used to upgrade or downgrade the LI-RADS category
assigned to an observation (1). When AFs are applied, the LI-RADS category may only be
adjusted by one, irrespective of the number of AFs observed, and AFs cannot be used to up-

categorize an observation from LR-4 (probable HCC) to LR-5 (definite HCC) (1, 14).

The use of AFs is controversial and adds complexity to the LI-RADS framework (8).
Unlike major features, AFs are optional (i.e., applied at the radiologist’s discretion). This
option therefore represents a potential source of inter-reader variability because AFs can
modify the LI-RADS category in 10-35% of observations (11, 14). Because several AFs are
more commonly or exclusively evident on MRI (11), AFs also contribute to inter-modality
variability. The diagnostic importance of each individual AF is not well established. Although
AFs are weighted similarly with respect to LI-RADS category adjustments, studies have

shown stronger associations between some AFs and malignancy, such as restricted diffusion
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and hepatobiliary phase hypointensity (8). Therefore, the diagnostic value of AFs in the

context of LI-RADS application requires further investigation.

The primary objective of this IPD meta-analysis was to evaluate the association of each
AF with HCC and malignancy, after adjusting for major features. A secondary objective was

to assess the proportion of observations that exhibited each AF.

Methods

This study analyzed participants included in the LI-RADS IPD, which was previously
synthesized for an IPD meta-analysis on the association of LI-RADS major features with HCC
(13). In this study, we assessed the association of LI-RADS AFs with HCC and malignancy
using a partially overlapping, but expanded, dataset from Ref. (13). The analyses in the current
work do not overlap with analyses previously reported from this data set. Studies derived from
the database received IRB approval from The Ottawa Hospital. The study protocol is available

on the Open Science Framework (https://osf.io/rpg8x). No personal health information was

shared with project team members. This study adhered to the methodologic guidance from the
Cochrane Handbook for Systematic Reviews of Diagnostic Test Accuracy (15, 16). Study
reporting followed Preferred Reporting Items for a Systematic Review and Meta-analysis of
Individual Participant Data (PRISMA-IPD) and PRISMA for Diagnostic Test Accuracy (DTA)
statements (17, 18).

Study Eligibility Criteria

Studies eligible for inclusion evaluated any CT, MRI, and/or CEUS LI-RADS AFs in
association with HCC and overall malignancy. Other inclusion criteria were reported previously
(13). Only participants at high risk of HCC were included, as defined by LI-RADS (cirrhosis,
chronic hepatitis B viral infection, or current or prior HCC) (1). Participants in studies that did
not meet the inclusion criteria were excluded. Studies conformed with LI-RADS technical
guidelines for multiphasic contrast-enhanced CT, MRI, and US (4). Imaging features of
observations were reported according to LI-RADS versions 2014, 2017, or 2018. Previously
treated observations were excluded. A preferred composite reference standard was previously

established to assess risk of bias (Appendix 3.1) (13).
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Study Selection and Data Collection

The search strategy, study selection, and data collection process were reported previously
(13) and are provided in appendix 3.2. An updated search was performed to include studies
published up to January 2022, using the same search strategy as in (13). Data sharing agreements
were obtained and de-identified data were transferred to an encrypted Research Electronic Data
Capture (REDCap) database at The Ottawa Hospital (19, 20). Data from each study were
validated by a research assistant (EL), graduate student (HD), and board-certified abdominal
radiologist with experience in applying LI-RADS (AFC). Corresponding study authors were
contacted when clarifications regarding data structure or integrity were required. For example,
most studies required clarification on how major and ancillary features that require a prior
examination (e.g., threshold growth [TG], subthreshold growth, and size stability > 2 years) were
encoded, and whether this was compliant with the IPD data dictionary (Appendix 3.3). LI-RADS
major features were classified as present or absent; in the case of TG, not applicable was also an
option. Ancillary features were classified as present, absent, or not evaluated. For some AFs, not
applicable was also an option (eg. AFs requiring a prior imaging examination, such as
subthreshold growth, or AFs requiring a hepatobiliary agent). Imaging features that were not

applicable were excluded from the analysis.

Risk of Bias and Applicability

Previously, a Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) tool
(21) customized for studies related to LI-RADS was applied to assess for risk of bias (13)
(Appendix 3.4). QUADAS-2 evaluates sources of bias along four domains: patient selection,
index test, reference standard, and flow and timing. Risk of bias and applicability assessments
were performed in duplicate and independently by two authors (CBvdP, JPS). Assessments were
based primarily on the published study. Following validation of IPD, the assessments were

reviewed to ensure there were no significant changes to the judgments (AFC).

Statistical Analysis
Using a one-step IPD meta-analysis approach, the IPD across studies were pooled, and

models were constructed as follows. Adjusted odds ratios (ORs) and 95% confidence intervals
(CIs) were derived for the association of each AF with HCC in particular (hereafter referred to as

HCC) and malignancy in general (hereafter referred to as malignancy), in combination with the
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LI-RADS major features. An initial study protocol planned for multivariable analyses to include
TG, however, due to limited sample sizes of data with TG, multivariable analyses were
conducted in two ways. In the primary analysis, TG was excluded as a major feature to maximize
sample size and robustness of the models. In this analysis, TG and subthreshold growth were
combined as an ancillary feature to determine the association between any growth and HCC or
malignancy. As a secondary analysis, TG was included with the other four major features in
accordance with LI-RADS. Liver observation clustering was addressed at the study and patient
levels through random intercepts. Collinearity between variables was assessed by calculating the
variance inflation factor, the tolerance statistic, and eigenvalues. I statistic for heterogeneity, and
the estimate of the between-study variance, tau?, were obtained through a maximum-likelihood
estimator. Due to a limited number of studies at low risk of bias, a sensitivity analysis was not
conducted.-Publication bias was not assessed per contemporary guidance for DTA systematic

reviews (18).

The level of significance was set at p<0.05 and calculated using a Wald test. All analyses
were performed independently by HD and EL using the glmer function in the Lme4 package in R
(R Core Team, version 4.0.0; R Foundation for Statistical Computing) (22).

Results
Study Selection and Characteristics

The study flow diagram is presented in Figure 3.1. Seventeen studies met inclusion
criteria from the Jan 2014—Sept 2019 search performed in Ref. (13). Five studies were included
from the updated search between Jan 2020-Jan 2022, for a total of 22 studies: 5 studies
evaluating CT, 19 studies evaluating MRI and 2 studies evaluating CEUS. Four studies evaluated
AFs using both CT and MRI (23-26). A summary of the characteristics of the 22 included studies
is provided in Table 3.1. Due to limited sample size (185 observations), multivariable analysis of

CEUS AFs was not conducted. The distribution of CEUS AFs is reported in appendix 3.5.

In total, 3091 unique CT/MRI liver observations from 2456 adult patients (mean age,
59+11 years, 75.3% male) were included. All studies relied on readers evaluating images, not the

original reports, and used pathology or a composite reference standard to diagnose malignancy

and HCC (Table 3.2).

48



Quality Assessment

Figure 3.2 shows the study-level results of the risk of bias and applicability concerns.
5/22 studies were considered at low risk of bias and 20/22 studies had low concerns regarding
applicability. The flow and timing domain was the most common source of bias because many
studies had unclear or inappropriate timing between the index test and the reference standard. In
addition, risk of bias in the patient and observation selection domain was high in most studies
due to study design (i.e., case-control design) or patient enrollment methods (i.e., non-

consecutive, non-random, or select patients).
Association of ancillary features with HCC and malignancy

Primary analysis

Results of the primary multivariable analysis (TG excluded) are provided in Table 3.3,
Figure 3.3, Figure 3.4, Appendix 3.6 and Appendix 3.7. The number of observations, patients,
and studies included in each model are indicated in Table 3.3. The heterogeneity within studies
(I?) and between study-variance (tau?) in each random effects model are presented in Table 3.4.
The I? value for 18/22 models assessing HCC and 17/22 models assessing malignancy was

greater than 90%.

Eight of nine AFs favoring malignancy in general were independently associated with
HCC and/or malignancy. Corona enhancement was associated with malignancy only
(OR:4.89[95% CI=1.71-14.01]). Ultrasound visibility as a discrete nodule (OR:3.18[95%
CI=1.77-5.73]) and iron sparing in a solid mass (OR:2.63[95% CI=1.30-5.31]) were associated
with HCC only. Fat sparing in a solid mass was not associated with HCC (OR:0.81[95%
CI=0.44-1.49]) or malignancy (OR:0.79[95% CI=0.30-2.09]). The growth imaging feature,
which combined TG and subthreshold growth, was associated with both HCC and malignancy.

Four of five AFs favoring HCC in particular were independently associated with HCC:
mosaic architecture, nonenhancing capsule, nodule-in-nodule, and fat in mass. Mosaic
architecture was associated with HCC (OR:2.53[95% CI=1.58-4.04]) and malignancy
(OR:3.26[95% CI=1.25-8.51]). Nonenhancing capsule (OR:3.50[95% CI=1.53-8.01]), nodule-in-
nodule (OR:2.15[95% CI=1.15-4.04]), and fat in mass (more than adjacent liver) (OR:1.44[95%
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CI=1.03-2.01]) were associated with HCC only. Blood products in mass was not associated with

HCC (OR:1.28[95% CI=0.83-1.96]) or malignancy (OR:2.31[95% CI=0.81-6.57].

Three of seven AFs favoring benignity were associated with decreased odds of HCC and
malignancy (Appendix 3.6, Appendix 3.7): parallels blood pool, marked T2 hyperintensity, and
hepatobiliary phase isointensity. Iron in mass (more than liver) (OR:0.07[95% CI=0.01-0.44])
was negatively associated with malignancy. Size stability (>2 years), size reduction, and

undistorted vessels were not independently associated with either HCC or malignancy.

Secondary analysis

Results from the secondary analysis are included in appendix 3.8.

Proportions of observations that exhibited an AF

The proportions of observations that exhibited each AF are listed in Table 3.3 (primary
analysis) and appendix 3.9 (secondary analysis). In the primary analysis for HCC, the average
positivity rates were as follows: 47.3% (range, 3.9%-88.3%) for AFs favoring malignancy in
general; 9.8% (range, 3.9%-15.4%) for AFs favoring HCC in particular; and 3.3% (range, 0.9%-
8.7%) for AFs favoring benignity. Size reduction was the least common AF (3/348 observations,

0.9%), and ultrasound visibility was the most common AF (798/904, 88.3%).

Discussion

Our study demonstrated that most AFs are associated with malignancy in general, HCC
in particular, or benignity as intended by LI-RADS after adjusting for major features other than
threshold growth. Of the 8/9 AFs favoring malignancy in general that were associated with
malignancy and/or HCC, the strongest associations were found with restricted diffusion
(OR:14.5) and mild-moderate T2 hyperintensity (OR:10.2). Of the AFs favoring HCC
specifically, 4/5 were associated with HCC (the exception being blood products in mass), and the
strongest association with HCC was found with nonenhancing capsule (OR:3.5). Of the AFs
favoring benignity, 4/7 were negatively associated with malignancy. Parallels blood pool

(OR:0.02) and marked T2 hyperintensity (OR:0.06) had the strongest association with benignity.
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A few AFs did not show independent associations with malignancy or benignity
according to their intended use in LI-RADS. Of AFs favoring malignancy in general, US
visibility as a discrete nodule was associated with HCC but not malignancy. US visibility had the
highest positivity rate in our study (88.3% and 91.1% for HCC and malignancy, respectively),
likely because US is used for HCC surveillance and because several studies used US visibility as
a method to identify patient cohorts (25, 27). Fat sparing in a solid mass was not independently
associated with either malignancy or HCC, and iron sparing in a solid mass was associated with
HCC but not malignancy. Of note, these AFs had the lowest positivity rates of the AFs favoring
malignancy in general (3.6% and 6.4% for malignancy, respectively). Of the AFs favoring HCC
specifically, blood products in mass was not associated with HCC or malignancy. The positivity
rate of this AF was low (9.2% for HCC), although other AFs favoring HCC specifically had
similar if not lower positivity rates. Of AFs favoring benignity, three did not show a negative
association with HCC or malignancy: size stability > 2 years, size reduction, and undistorted
vessels. Like all the AFs favoring benignity, these AFs had low positivity rates (8.7%, 0.9% and
1.6%, respectively). In addition, size stability and size reduction were sparsely reported (only
252 and 348 observations, respectively). This is likely because, like TG, these AFs require a

prior imaging examination for comparison.

Results of this IPD meta-analysis highlight important considerations regarding the
application of AFs in LI-RADS. First, our study shows strong associations between most AFs
and HCC, malignancy, or benignity when adjusting for major features. The application of AFs is
optional according to LI-RADS. However, as shown previously (28), our results suggest that
mandatory incorporation of some AFs could improve the diagnostic performance of LI-RADS
v2018. Second, although LI-RADS v2018 weights each AF equally, our study found differences
in the strength of associations between each AF and HCC/malignancy (Figure 3.3). For example,
there is a 6.5-fold difference in the odds of malignancy between transitional phase hypointensity
(OR:2.3) and restricted diffusion (OR:14.5). Third, LI-RADS v2018 specifies that the LI-RADS
category should not be adjusted when an observation exhibits both AFs favoring malignancy and
benignity (29). A weighted system, based on the number of AFs present and their association
with HCC, may be more appropriate, however we did not assess combinations of AFs. Fourth,
LI-RADS v2018 does not allow AFs to up-categorize an observation from LR-4 to LR-5, to

preserve near-perfect positive predictive value of LR-5 for HCC (29). However, when adjusting

51



for the presence of major features except TG, some AFs had stronger associations with HCC
than some major features (Figure 3.3, Appendix 3.6 and Appendix 3.7). For example,
nonenhancing capsule (OR:3.50) had a stronger association with HCC than size and enhancing
capsule (Figure 3.3). Therefore, our results suggest that up-categorization of LR-4 observations
based on the AFs with strong independent association with HCC may improve the sensitivity of
LR-5 without sacrificing specificity. However, further studies are needed to investigate this
approach. Finally, several AFs showed no significant association according to their intended
purpose, and this is likely in part because of low positivity rates, low sample size, and/or non-
applicability. Given their low prevalence and lack of association, the overall impact of these AFs

on the diagnostic performance of LI-RADS is likely low.

Our study had several limitations. Compared to major features, AFs have not been as
comprehensively evaluated in research studies assessing the diagnostic performance of LI-
RADS, resulting in small sample sizes and/or low positivity rates for some AFs. Because the
sample size for each AF differed, developing a multivariable model that included all AFs was not
possible. In addition, few studies have reported data on TG, likely because TG requires a prior
imaging examination for comparison. This limited the utility of the secondary analysis. Most
studies contributing data to the LI-RADS IPD had a large proportion of observations in the LI-
RADS 3-5 range, and there were low frequencies of AFs intended to suggest benignity. LI-
RADS 2-3 observations and AFs suggestive of benignity may have been selectively avoided
because several studies relied on a pathology-based reference standard (30). Our meta-analysis
included observations categorized as LR-M, however, according to LI-RADS v2018, AFs do not
have a role in categorizing observations as LR-M. Several studies were at risk of bias, including
12/22 studies in the patient and observation selection domain and 13/22 studies in the flow and
timing domain. Three studies did not evaluate AFs for all observations in their study (31-33),
increasing the risk of selection bias. Studies included in most analyses were highly heterogenous
(I>>75%), therefore additional factors in the sample population or study design may have

influenced our results.

The strengths of this study include the IPD meta-analysis approach, which enabled data
validation at the individual participant level, and not in aggregate as with traditional meta-

analyses. The database provided a sufficiently large sample size to evaluate the independent
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association of each AF with malignancy in general, HCC specifically, and benignity. This is the
largest study to date evaluating AFs and these associations and included over 3000 observations

from 20 studies.

In conclusion, this IPD meta-analysis found that most AFs are independently associated
with HCC, malignancy, and benignity as intended by LI-RADS, when adjusting for major
features. These associations were determined by excluding TG as a major feature, which enabled
larger sample sizes. Some AFs did not show associations according to their intended use, likely
because of low positivity rates and, in some cases, low sample sizes. Our results highlight areas
for refining LI-RADS. Future revisions of LI-RADS would be better informed with standardized

study designs that reduce the risk of bias and consistently report all major and ancillary features.
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Tables and Figures
Initial Search

Previous search included studies
from January 2014-December
2019 on MEDLINE, Embase,
CENTRAL & Scopus
(32/466 articles (see Ref. [13])

Updated Search

Updated search included studies
from January 2020- January 2022
on MEDLINE, Embase, CENTRAL

& Scopus (407 articles)

A 4

Excluded by abstract screening
(+duplicates) (136 articles)

Full-text review
271 articles

Reasons for exclusion

- No data on ancillary features
(13 articles)

- Author declined to collaborate
further (1 article)

- Study did not follow the LI-
RADS guidelines for assessing
ancillary features (1 article)

Excluded by full text review (67
articles)

A 4

Eligible studies
204 articles

4

Reasons for exclusion
- No data on ancillary features
(24 articles)

\ 4

Studies where

IPD were sought
180 articles

v \4

Reasons for exclusion

- No response from the author
(86 articles)

- Author did not sign the
sharing agreement (34
articles)

- Author did not send data (54
articles)

- Study did not follow the LI-
RADS guidelines for the
reference standard (1 article)

Studies from
initial search
17 articles

Studies from
initial search
5 articles

Included studies
22 articles (3276 observations)

A 4

Included in IPD meta-
analysis for CT:
5 articles (475
observations)*

Included in IPD meta-
analysis for MRI: 19
articles (2954
observations)*

Insufficient CEUS data
for IPD meta-analysis: 2
articles (185
observations)
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Figure 3.1. Flow diagram of study inclusion
*Four studies evaluated AFs using CT and MRI (22-25).
IPD: Individual patient data; CT: computed tomography; MRI: magnetic resonance imaging;

CEUS: contrast enhanced ultrasound.
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Table 3.1. Characteristics of included studies*

Study details

Imaging technique

Observation data

Reference
Countr ) Prevailing Imaging |/ ontrast | LI-RADS | No. No. liver Median No.ofHee (% | No-overall No. benign No.LR- | No.LR- | No.LR- | No.LR- | No.LR- | No.LR- | No.LR- | standard
Study Journal Design risk factor modalit agent type version readers observations size, mm of total) malignancy (% of total) 1 2 3 a4 5 TIV/5V M
Y y 8 P / No. patients (1aR) (% of total)
Alhasan A Abdom Retrospectiv Cirrhosis >>
2019 (34) Radiol (NY) Canada | - 00 BV cT ECA v2017 2 102/59 22 (15-40) 72(71) 76 (75) 26 (25) 0 4 15 29 a1 10 3 Pathology
Retrospectiv . .
Allen BC AR AmJ Cirrhosis >> 29.5(18.5- Pathology
2018 (31) Roentgenol USA e case- BV MRI HPB v2014 3 16/16 645) 13 (81) 15 (94) 1(6) 0 0 3 3 10 0 0 and CCRS
control
Cerny M " Retrospectiv Cirrhosis >> . Pathology
2018 (28) Radiology Canada | [° >R BV MRI ECA v2014 2 195/100 17 (10-24) 110 (56) 119 (61) 76 (39) 1 12 55 53 57 2 15 nd CORe
Chen J 2019 AJRAm ) . Retrospectiv HBV > 47.5 (10-
(35)+ Roentgenol China e cohort dirrhosis MRI ECA v2018 2 104/104 24) 104 (100) 104 (100) 0(0) 0 0 0 0 104 0 0 Pathology
Choi JY Abdom South Retrospectiv HBV >>
2022 (36) Radiol (NY) Koren e cohort Cirthosis MRI HBP v2018 2 279/253 26 (18-35) 247 (89) 268 (96) 11 (4) 0 0 18 46 190 6 19 Pathology
CT: 7 (100)
CT:7/7 CT: 104 CT:0 CT: 0 CT:2 CT:2 CT:3
) - ’ CT:4(57) MRI: 171 CT:0(0) cT:0 ; cT:0 ; ) - ’
Fraum TJ Radiology USA Retrospectiv Cirrhosis >> CT, MRI HPB V2014 5 MRI: 213/213 (38-132) MRI: 132 (62) (80) MRI: 42 (20) MRI: 3 MRI: 14 MRI: 8 MRI: 32 MRI: 96 MRI: 18 MRI: 42 Pathology
2018 (23) e cohort HBV Total: MRI: 31 Total: 136 (62) Total: 178 Total: 42 (19) Total: 3 Total: Total: 8 Total: Total: Total: Total:
220/220 (22-50) . (81) . . . 14 . 32 98 20 45
X X CT: 28 (100) X X X X
Fraum TJ European Retrospectiv Cirrhosis >> CMTRIZSQ/ZZ/?QZ 3]4 e CT: 15 (54) MRI: 92 CT:0(0) CT:0 CT:0 CT:0 CMTRI1 10 CM‘I-RI13£7 CM‘I-FARI(')B CM‘I-Rllljlt)
o USA P CT, MRI NR v2018 2 : - MRI: 41 (45) (100) MRI: 0 (0) MRI: 0 MRI: 0 MRI: 2 : : : : Pathology
2020 (24) Radiology e cohort HBV Total: MRI: 3.5 Total: 56 (47) Total: 120 Total: 0 (0) Total: 0 Total: 0 Total: 2 Total: Total: Total: Total:
120/120 (2.3-5.7) . (100)‘ . . . . 11 40 13 54
HuJ 2020 Abdom Prospective Cirrhosis >> Pathology
i Radiol (NY) Canada | O BV CEUS Blood pool v2017 2 25/24 17 (13-25) 16 (64) 17 (68) 8(32) 0 3 5 1 16 0 0 and CCRS
Jiang H Cancer . Prospective HBV >> 50.7 (29.7- Pathology
2019 (38) Imaging China cohort cirrhosis MRI HPB v2018 2 272/272 75) 215 (79) 254 (93) 18(7) 1 3 4 28 151 57 28 and CCRS
Retrospectiv
Jeon SK European South HBV >> 32(22-
2018 (39) Radiology Koren e case- Cirthosis MRI HBP v2017 2 140/140 295) 70 (50) 140 (100) 0(0) 0 0 0 21 67 2 50 Pathology
control
Kang Z Eur J Radiol . Retrospectiv Cirrhosis, no Pathology
2015 (40) Open China e cohort cther derails MRI ECA v2014 2 19/19 27 (16-40) 15 (79) 17 (89) 2(11) 0 0 4 2 11 1 1 and CCRS
Kierans AS J Magn Retrospectiv Cirrhosis > 37.4(10- Pathology
2019 (41) Resor] USA e cohort HBV MRI ECA, HPB v2017 3 144/114 37) 82 (57) 90 (63) 54 (38) 5 8 45 25 41 10 10 and CCRS
Imaging
Kim DH South Retrospectiv HBV > Pathology
2019 (27) J Hepatol Koren e cohort dirrhosis MRI HPB v2018 NR 372/258 18 (11-25) 273 (73) 291 (78) 81(22) 0 0 18 154 180 4 16 and CCRS
N J Magn .
Kim DH South Retrospectiv HBV >>
2021 (42) Reson Koren e cohort Cirthosis MRI HBP v2018 3 113/113 34(25-50) 0(0) 113 (100) 0(0) 0 0 0 24 32 13 a4 Pathology
Imaging
CT: 218 (81)
CT:268/218 CT:20 (13- . - . . .
Lee CM Hepatology | ¢/, Retrospectiv | HBV >> MRI: 291/222 | 27) CT:206 (77) MRI: 220 CT:50 (19) cT:0 cT:0 cT:72 cT: 37 CT:152 1 r3 cT:4 Pathology
Internation s CT, MRI HBP v2018 2 MRI: 208 (71) (76) MRI: 71 (24) MRI: MRI:
2021 (25) Korea e cohort Cirrhosis Total: MRI: 18 MRI: 0 MRI: 0 MRI: 15 MRI: 2 MRI: 16 and CCRS
al Total: 208 (71) MRI: 220 Total: 71 (24) 104 154
291/222 (12-27)
(76)
Lim K 2021 . South Retrospectiv Cirrhosis, no Pathology
3) BR J Radiol Koren e cohort cther derails MRI HBP v2018 2 161/112 11 (8-16) 107 (66) 107 (66) 54 (34) 0 0 15 146 0 0 0 and CCRS
Radiol . . . Lipid
Makoyeva . Retrospectiv Cirrhosis >> i Pathology
2020 (44) Imaging USA e cohort BV CEUS microspher | v2016 3 160/160 24 (16-35) 126 (79) 128 (80) 32(20) 4 1 24 8 114 7 2 and CCRS
Cancer es
CT: 15 (12-
) N CT: 70/62 CT: 20 (29) CT:20(29) CT:0(0)
Ronot M Prospective Cirrhosis >> 19) CT:0 CT:0 CT:43 CT: 10 CT:17 CT:0 CT:0
J Hepatol France CT, MRI ECA v2014 1 MRI: 93/76 ) MRI: 23 (25) MRI: 23 (25) MRI: 0 (0) ; ; ; - - ; ; Pathology
2018 (26) cohort HBV Total: 93/76 :\fsllgf Total: 23 (25) Total: 23 (25) Total: 0 (0) MRI: 0 MRI: 0 MRI: 93 MRI: 0 MRI: 0 MRI: 0 MRI: 0
Rosiak G Biomed Res Retrospectiv Cirrhosis >>
2018 (45) nt Poland e cohort BV MRI HPB v2017 2 69/32 21 (12-35) 50(72) 50(72) 19 (28) 0 0 18 13 38 0 0 Pathology
Song IS . South Retrospectiv HBV ~ 1.7 (1.3- ECA: 1 ECA: 25 ECA: 51 Pathology
2019 (33) Eur Radiol Korea e cohort cirrhosis MRI HPB v2014 2 77/64 23) 77(100) 77(100) 0 0 0 HPB: 1 HPB:39 | HpB:37 | © 0 and CCRS
van der Pol . . .
B 2021 ARAmJ Canada | Retrospectiv | Cirrhosis>> MRI ECA, HPB V2018 2 222/81 11 (8-17) 72(32) 72(32) 150 (68) 23 33 68 4 56 0 0 Pathology
(46) Roentgenol e cohort HBV and CCRS
Zhang L Front. . Retrospectiv HBV >> 22.5(17-
2019 (47) ool China e cohort Cirthosis MRI ECA v2018 2 82/81 Pt 82 (100) 82 (100) 0(0) 0 0 7 7 68 0 0 Pathology
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HBV: hepatitis B virus; MRI: magnetic resonance imaging; CT: computed tomography; CEUS: contrast enhanced ultrasound; ECA: extracellular
contrast agent; HPB: hepatobiliary contrast agent; NR: not reported; CCRS: composite reference standard.

*Values may not match published data as participants were excluded on an observation level when applicable.

**Chen J 2019 (34) had an overlapping study population with Zhang L 2019 (46). Forty-five duplicate observations were removed from the study by
Chen J et al.
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Table 3.2. Observation diagnosis and reference standard Observations evaluated on CT/MRI and CEUS were

incorporated into this table.*

Co Total No. of Confirmed with Confirmed with
Final Diagnosis observations Histolo Composite Reference
v gy Standard ¥
HCC 2154 1752 402
Non-HCC 407 405 2
malignancy
Benign 645 248 397

*Seventy observations from Ronot et al. (25) were excluded from the table because they were diagnosed as non-
HCC.
¥ The reference standard is available as supplementary appendix 3.1

Abbreviations- HCC: hepatocellular carcinoma
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Risk of Bias Applicability Concerns

Patient and Observation

Selection

Patient and Observation

Selection

Index Test (CT, MRI or

CEUS)

Alhasan A 2019

Allen BC 2018

Cerny M 2018

ChenJ 2019

Choi JY 2022

Fraum TJ 2018

Fraum TJ 2020

HuJ 2020

Jeon SK 2018

Jiang H 2019

Kang Z 2019

Kierans AS 2019

Kim DH 2019

Kim DH 2021

Lee CM 2021

Lim KK 2021

Makoyeva A 2020

Ronot M 2018

Rosiak G 2018

Song JS 2019

van der Pol CB 2021

..@......@." .'.. .'.. ..@. Reference Standard
0000000~ 90000000O©®0000®® s
0O OOODOOOO®O® ®®® ® ® @ @) ndextest (cT, Mri or cEUS)
000000000000000000@@c)@) s

00000000000°°000000000
0000000000000 000 OO

Zhang L 2019

Figure 3.2. Risk of bias and applicability concerns for each study.
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Table 3.3. Multivariable analysis of each ancillary feature, adjusted for major features (arterial phase hyperenhancement (APHE), size, nonperipheral

washout and enhancing capsule) to determine the odds of Hepatocellular Carcinoma (HCC) and malignancy.

Association HCC Malignancy
with Observations | HCC Positi Observations | Malignant | Lositive
Feature (Based on Stlldy sources s?rva 10ns . OSI 1ve. OR S?I‘Vﬁ 10ns a 1gna1.1 Data OR
(Patients, observations | Data points (Patients, observations .
LIRADS . 95%CI . oints 95%CI
° ° ( ) ° p ( )
v2018) Studies) n(%) n(%) Studies) n(%) n(%)
US visibility
as jislcreze Malignancy 8;; 82‘3;&26)’ 22): | 904 (676,6) | 606 (67.0) 798 (88.3) 2.;2)(*1.77- 811 (600,5) | 628 (77.4) (79319 y g.gz)(o.% -
noadute ? . . .
g;‘gfj’t;es}"”d Malignancy | (33), (26), (22), (39) | 267 (207,4) | 186 (69.7) 80 (30.0) g:i;)(*l'%' 267 (207,4) | 203 (76.0) ?3(.)0. 0 i's‘ﬁ 6()1;64'
(27), (34), (41), (24),
. 35), (26), (22), (23),
Restricted . ( 2817 3.18 (2.52- | 2724 1723 14.45 (9.82-
diffusion Malignancy 88: 83* §*3,2f4()3,9)’ (2262.17) 1806 (64.1) | 1753 (622) | 7o (2186.16) 202194 | (33) | 2127
(45), (46)
(27), (34), (41), (24),
Mild- (35), (26), (22), (23), :
moderate T2 | Malignancy | (42), (37), (38), (39), ?2933486 18) 1908 (64.9) 2054 (69.9) g.(slg)(*239 ?28;750 17) 2267 (79.7) ?;)0127) }2"1‘3)(*7'17-
hyperintensity (40), (25)**, (44), ’ ’ ’ ) )
(32), (45), (46)
(33), (27), (34), (41),
(24), (35), (26), (22),
Corona . 2935 1.18 (0.75- | 2842 241 4.89 (1.71-
enhancement | MAENANCY E‘ZKS)% Egg*fa 4()3’9)’ (2300,18) | 192(657) 1246838 g 2417 |20 H g5 | 1a0n
(32), (45), (46)
(33), (27), (34), (41),
— (24), (35), (26), (22),
Fat sparing in . 2771 0.81 (0.44- | 2678 0.79 (0.30-
o Malignancy 8(3); Egg* 9,7(2‘,4()3,9), 2213.18) 1833 (66.2) | 109 (3.9) 1.49) 2137.17) 2132(196) | 97G6) | 549
(32), (45), (46)
(27), (34), (41), (24),
~ (35), (26), (22), (23),
Iron sparing . 2464 2.63 (1.30- | 2371 151 2.69 (0.52-
in solid mass | Malignancy 83*9 9(2‘ 4()‘,‘%2), (2006,16) 1634(663) | 159(6:3) | 537y« (1930,15) 1918 (809) | 64y | 13.92)
(45)
Transitional (41), (24), (35), (20),
. 1871 2.08 (1.48- | 1871 1486 2.28 (1.45-
phase Malignancy | (42), (37), (38), (40), | (151611 1272 (68.0) | 1486 (79.4) |} 93)(* (1516.11) 1547(827) | 794 |3 59)(*
hypointensity (44), (32), (45) ’ ) ’ ) )
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Hepatobiliary (41), (24), (35), (20),
. 1914 2.06 (1.42- | 1914 1682 3.15 (1.95-
phase Malignancy | (42), (37), (38), (40), (1533,11) 1307 (68.3) 1682 (87.9) 3 00)(* (1533,11) 1578 (82.5) (87.9) 5 07)(*
hypointensity (44), (32), (45) ’ ) ’ ' )
Growth . (33), (27), (22), (23), 2.68 (1.42- 143 4.36 (1.87-
(threshold + | Malignancy | 307 395 (317,5) | 253 (64.1) 143(362) | 57y 95317.5) | 3206100 | oo | Jo17)
subthreshold) ’ ) )
(33), (34), (41), (24),
Nonenhancing (35), (26), (23), (42), | 2426 3.50 (1.53- | 2426 2.06 (0.61-
“capsule” HCC (37), (39), (40), (44), | (1903,15) 1639 (684) | 94(3.9) 8.01)* (1903,15) 1940 80.0) 1 94(3.9) | ¢ gy
(32), (45), (46)
(33), (27), (34), (41),
. 24), (35), (26), (22),
Nodule-in- ( 2982 2.15 (L.15- | 2982 187 1.43 (0.46-
HCC (23), (42), (37), (38), 1976 (66.3) | 187 (6.3) ¢ 2378 (79.8)
nodule (39, (40), (44), (32), | (236418) 4.04) (2982,18) (6.3) 4.43)
(45), (46)
(33), (27), (34), (41),
- (24), (35), (26), (22),
Mosaic 2935 2.53 (158~ | 2842 447 3.26 (1.25-
) HCC (23), (42), (37), (39), 1929 (65.7) | 453 (15.4) ¢ 2238 (78.9) ¢
architecture (40). (25)**, (44), (2300,18) 4.04) (2224,17) (15.7) 8.51)
(32), (45), (46)
(33), (27), (34), (41),
Blood (24), (35), (26), (22),

: 2868 1.28 (0.83- | 2775 260 2.31 (0.81-
productsin | HCC (23),37), 38). B9), | (5507 1) 1860 (64.9) | 263 (9.2) | 96)( 2221.17) 2234(805) | gy p 57)(
mass (40), (25)**, (44), > : > . .

(32), (45), (46)

(33), (27), (34), (41),
Fat in mass, (24), (35), (26), (22), ) )
more than | HCC (23). (42), (37). (38), 2’%39 19) 1990 (65.0) | 437 (14.3) ;'3‘1')9'03 ?2937 o 1y | 2366097 ?13 " 5 (1).?;)(0.42
adjacent liver (39), (40), (25)**, ’ ) ’ ' '

(44), (32), (45), (46)
Size stability . 0.45 (0.13- 0.63 (0.18-
3 years Benignity | (33), 27), (22), (39) | 252(202,4) | 185(73.4) | 22(8.7) 1.55) 252(2024) | 204810) | 2287) | ;1
Size reduction | Benignity | (33), (27), (22), (39) | 348 (244,4) | 230 (66.1) | 3(0.9) (1)'222 4()0'01' 348 (244,4) | 252(724) | 3(0.9) (1)61; 5()0'003'

(33), (27), (24), (35),
Parallels . (26), (22), (23), (37), | 2464 0.07 (0.01- | 2464 0.02 (0.002-
blood pool | BEUENY | 30V (40) (44). (32). | (1895,14) 1695 (68.8) | 24 (1.0) 0.49)* (1895,14) 1014 (77.7) | 24 (L0} | g5 gy

(45), (46)

(33), (27), (24), (35),
Undistorted . (26), (22), (23), (37), | 2464 0.90 (0.30- | 2464 0.72 (0.17-
vessels Benignity | 39)" 40y, (44), (32). | (1895,14) 1695 (68.8) | 39(1.6) 2.68) (1895,14) 014 (77.7) | 39.16) | 3715y

(45), (46)
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Iron in mass, (24), (35), (26), (22), } -
more than | Benignity | (23). (37), (39). (40), ?{)68635 ) 1432 (68.8) | 31(1.5) (1).%(0.07 ?{)68635 ) 1635 (78.5) | 31(1.5) 3.2‘7‘)(*0.01
liver (44), (45), (46) ’ | ’ '
(27), (24), (35), (26),
Marked T2 [ (22), (23). (42), (37). | 2488 0.18 (0.07- | 2488 0.06 (0.02-
hyperintensity | DEMEY | (30Y (40) (44). (32), | (1913,14) 1711 (68.8) | 78 (3.1) 0.45)* (1913,14) 1910.(76.8) 1 78 G.1) | g gy
(45), (46)
Hepatobiliary (30)***, (41), (24), - -
phase iso- Benignity | (35), (26), (42), (37), (lffgg 1 1253 (69.5) | 110 (6.1) g'gg)(fﬂ (1 17 f§2 10) 1445 (80.9) (Ié) 91) 3;8)&““’8
intensity (40), (44), (32). (4) ’ ' ’ ' :

*Significant association (p<0.05)

**Ronot study was used to assess HCC only

***Allen study was used to assess HCC only

Abbreviations- HCC: hepatocellular carcinoma; US: ultrasound; CI: confidence interval
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Figure 3.3. Log odds ratios and 95% confidence intervals of each major feature and ancillary feature, adjusted for four major features (APHE, size,
nonperipheral washout and enhancing capsule) to determine the odds of hepatocellular carcinoma (HCC) in particular. AFs were divided by their
association to malignancy, HICC or benignity according to LI-RADS v2018 guidelines (axis on the right). Due to varying sample sizes, the odds
ratios for each AF were determined using different models. Odds ratios for the major features were derived using a single model without any

ancillary features. (APHE: arterial phase hyperenhancement; HCC: hepatocellular carcinoma; US: ultrasound
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Figure 3.4. Log odds ratios and 95% confidence intervals of each major feature and ancillary feature, adjusted for four major features (APHE, size,
nonperipheral washout and enhancing capsule) to determine the odds of malignancy in general. AFs were divided by their association to malignancy,
hepatocellular carcinoma (HCC) or benignity according to LI-RADS v2018 guidelines (axis on the right). Due to varying sample sizes, the odds
ratios for each AF were determined using different models. Odds ratios for the major features were derived using a single model without any

ancillary features. (APHE: arterial phase hyperenhancement; HCC: hepatocellular carcinoma; US: ultrasound)
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Table 3.4. The within study (I?) and between study-variance (tau?) in each random effects

model, after adjusting for four major features (arterial phase hyperenhancement, size,

nonperipheral washout and enhancing capsule)

Ancillary Feature

HCC

Malignancy

I? [%(95%CI)] Tau’ I? [%(95%CI)] | Tau?
US visibility as discrete nodule 92.7 (86.8-96.0) 0.574 0.0 (0.0-79.2) 0
Subthreshold growth 0.0 (0.0-84.7) 0 15.8(0.0-87.1) |0
Restricted diffusion 94.2 (92.1-95.8) | 5.025 | 94.5(92.5-96.0) | 6.351
Mild-moderate T2 hyperintensity 93.9 (91.7-95.5) 6.571 94.2 (92.1-95.8) | 7.371
Corona enhancement 93.7 (91.4-95.4) 6.469 94.3 (92.2-95.8) | 5.597
Fat sparing in solid mass 93.6 (91.2-95.3) 6.463 94.0 (91.9-95.7) | 5.601
Iron sparing in solid mass 94.3 (92.1-95.8) 8.081 94.7 (92.7-96.2) | 6.125
Transitional phase hypointensity 93.4(90.1-95.6) | 5.962 94.6 (92.1-96.3) | 5.658
Hepatobiliary phase hypointensity 93.5(90.2-95.6) |5.686 | 94.6(92.1-96.3) | 5.809
Growth (threshold + subthreshold) 79.5 (51.4-91.3) 0.184 0.8 (0.0-79.4) 1.887
Nonenhancing “capsule” 93.3 (90.5-95.3) 8.373 94.6 (92.5-96.1) | 6.662
Nodule-in-nodule 92.7(89.9-94.7) | 6.114 | 93.9(91.7-95.5) | 6.860
Mosaic architecture 93.7 (91.4-95.4) 6.469 94.3 (92.2-95.8) | 5.597
Blood products in mass 93.9 (91.7-95.5) 6.553 94.2 (92.0-95.7) | 7.390
Fat in mass, more than adjacent liver | 93.6 (91.3-95.2) 5.933 93.8 (91.6-95.5) | 6.892
Size stability > 2 years 0.0 (0.0-84.7) 0 0.0 (0.0-84.7) 0
Size reduction 17.0 (0.0-87.3) 0 64.4 (0.0-87.9) | 0.078
Parallels blood pool 94.1 (91.6-95.8) 2.056 95.3 (93.5-96.6) | 3.659
Undistorted vessels 94.1 (91.6-95.8) 2.056 95.3 (93.5-96.6) | 3.659
Iron in mass, more than liver 95.2 (93.1-96.7) 1.384 96.2 (94.7-97.3) | 3.267
Marked T2 hyperintensity 94.0 (91.5-95.8) 2.093 95.3 (93.5-96.6) | 3.602
Hepatobiliary phase iso-intensity 91.8(87.4-94.7) |5.769 95.2 (92.8-96.7) | 3.940

Abbreviations- US: ultrasound
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Summary of Findings

The purpose of this thesis was to explore the role of non-invasive imaging in cancer
diagnosis. Chapter 2 assessed the accuracy of biparamteric (bp)-MRI and multiparametric (mp)-
MRI in diagnosing solid renal masses. Ten studies met the eligibility criteria, of which five
studies assessed the primary outcome and six studies assessed a secondary outcome. The index
tests had a 95% sensitivity and 63% specificity in diagnosing malignant from benign masses, and
a 85% sensitivity and 77% specificity in diagnosing clear cell renal cell carcinoma (ccRCC) from
other histological subtypes. There were no studies that assessed the diagnostic accuracy of
aggressive from indolent masses. Overall, bpMRI and mpMRI demonstrated diagnostic
potential, however the limited number of studies, and limitations within the study design prevent

us from drawing a definitive conclusion.

Chapter 3 assessed the diagnostic value of the Liver Imaging Reporting and Data
System’s (LI-RADS) ancillary features (AF) in computed tomography (CT), magnetic resonance
imaging (MRI) and contrast-enhanced ultrasound (CEUS). Our search strategy yielded 22
eligible studies; 5 studies assessing CT, 19 studies assessing MRI and 2 studies assessing CEUS.
In our individual participant data (IPD) meta-analyses, AFs were significantly associated with
malignancy, HCC or benignity, as intended by LI-RADS. These associations were apparent on
multivariable analyses. In our primary analyses, 15/22 and 12/22 AFs had an independent
association with HCC and malignancy, respectively. Nonenhancing capsule (OR: 3.50[95%
C.1.=1.53-8.01]) and subthreshold growth (OR: 3.21[95% C.1.=1.26-8.17]) had the strongest
association with increased odds of HCC, restricted diffusion (OR: 14.45[95% C.1.=9.82-21.27])
and mild-moderate T2 hyperintensity (OR: 10.18[95% C.1.=7.17-14.44]) had the strongest
association with malignancy and parallels blood pool (OR: 0.02[95% C.1.=0.002-0.24) and
marked T2 hyperintensity (OR: 0.06[95% C.1.=0.02-0.19]) had the strongest association with
benignity. In conclusion, several AFs, in conjunction with major features (except threshold

growth), could be used to diagnose liver masses in patients at high risk of HCC.

Practical Considerations and Future Research
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The field of diagnostic imaging is promising, however, further research is required to
determine its true impact. The conclusions drawn from chapter 2 are limited by the small sample
size and high risk of bias. Furthermore, the sensitivity and specificity values are likely not high
enough to replace biopsy as the diagnostic standard of care. In our review, the false positive rate
for the primary outcome was 37% [95% CI1:23%-54%] therefore, many benign masses were
classified as malignant. In addition, for the secondary outcome ccRCC vs other subtypes, the
false positive rate was 22% [95% CI:19%-27%] and false negative rate was 15% [95% CI:10%-
22%]. Therefore, the histological subtype was incorrectly diagnosed in several masses. Although
the evidence doesn’t support using imaging alone, it may still have value if used in conjunction
with biopsy and additional prognostic factors (e.g. age, comorbidities) (1). For example, the clear
cell likelihood score, a 5-point scoring system that incorporates mpMRI imaging features in
diagnosing ccRCC (2, 3), could be adapted to determine if biopsy is needed. Although there were
only three studies included in the analysis, the clear cell likelihood score had a 96% (Range: 94-
98%) sensitivity and a negative predictive value (NPV) of 92% (Range: 88-94%) if masses
classified as ccLS 3-5 on MRI were considered “positive” for ccRCC (Figure 2.5, Appendix
2.10). Therefore, there is a high probability that masses classified as ccLS 1-2 are not ccRCC.
Future research could utilize imaging, along with additional prognostic factors, to create a
scoring system to assess the likelihood of malignancy. Patients who have a high likelihood of
malignancy can be recommended for immediate surgery (no biopsy needed) and patients whose

probability of malignancy remains unclear would be recommended for biopsy.

In chapter 3, several AFs had strong, independent associations to malignancy, HCC
and/or benignity which emphasizes the importance of ancillary features in the diagnostic
approach. The results indicate that the LI-RADS guidelines may need to be updated to better
account for the impact of ancillary features. Currently, liver masses are graded by five major
features (size, nonperipheral washout, enhancing capsule, threshold growth and non-rim arterial
phase hyperenhancement), according to LI-RADS guidelines. The understanding of the role of
AFs is limited. The application of AFs is optional, and they can only change the LI-RADS
classification by one. However, in our analyses, 13/21 and 11/21 AFs had a stronger independent
association with HCC and malignancy/benignity respectively, than at least one major feature
(Figure 3.3, 3.4). In addition, AFs have different levels of association with HCC and malignancy,
thus it may not be appropriate for them to be weighted equally (Table 3.3). Unfortunately, due to
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the small sample size, there were limitations in data analysis (Please view the discussion in
chapter 3 for more details) and a definitive role for AFs could not be established. Further
research is needed to deduce the true association of each AF and their role in diagnosis. This can
be done by adjusting for all major features and AFs, as intended by LI-RADS. Furthermore,
research should look at the impact of AFs on the LI-RADS score. Ideally, all features would be
compared in a single model to create an improved diagnostic method, where features would be
included and individually-weighted based on their association with HCC (after adjusting for all
other features). An updated model should increase the diagnostic accuracy of the LI-RADS

classification system and minimize the need for invasive methods of diagnosis.

Limitations

This thesis summarized the available evidence in diagnostic imaging regarding solid
renal masses and the LI-RADS’ ancillary features. Although the results highlighted the potential
of diagnostic imaging, there are several pitfalls that impact the internal and external validity of

our reviews.

Standardization of research methodology

Firstly, the lack of non-standardized research methodology creates variability in study
results. In chapter 2, the sequences and imaging parameters (Appendix 2.6) used in the index test
differed between studies, increasing heterogeneity. Furthermore, the specific diagnostic methods
used (Appendix 2.7) were not standardized, even between studies using the same sequences. For
example, Steinberg 2021 (4) and Xu 2021a (5) used the same imaging sequences (i.e. T2-
weighted, chemical shift (T1 in-phase and out-phase), dynamic contrast enhancement (DCE) and
diffusion weighted imaging (DWI)) to diagnose their masses. However, different features where
evaluated within each sequence to diagnose masses. Steinberg 2021 used the predefined ccLS
method to diagnosis their masses, whereas Xu 2021a based their imaging results on different
elements (i.e. T2 signal intensity ratio, central necrosis, apparent diffusion coefficient) in a
nonspecific manner. Therefore, the comparison between studies is limited by variability in the
individual study design. Future research should be aimed at developing standardized research
methods for conducting and interpreting imaging results, such as the LI-RADS guidelines used

in chapter 3, or the Breast Imaging and Reporting Data System (BI-RADS) used for breast
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imaging (4). The benefits include the use of consistent terminology, reducing variability in

imaging results and facilitating research (5).

In summary, the use of standardized research methodology will improve the

comparability of primary research studies and the quality of evidence syntheses.

Data reporting and adherence to STARD guidelines

Secondly, data reporting needs to be improved in DTA studies. In chapter 2, several
elements of the study design were not reported including the method of patient enrolment (7/10
studies), diagnostic criteria used (2/10 studies), the specific definition of a “solid” mass (8/10
studies) and the timing of post-contrast phases (5/10 studies) (Figure 2.2). These are potential
sources of bias because it affects the value of the results and their applicability to the clinical
setting. For example, if patient enrolment was not consecutive or random, the specific population

may have been chosen to increase the likelihood of positive outcomes.

In chapter 3, 6/22 studies did not specify the timing between the index test and reference
standard and 5/22 studies did not specify the histological diagnosis of non-HCC masses.
However, due to the nature of an IPD analysis, several areas of incomplete data reporting where

addressed by evaluating the raw data and directly communicating with individual study authors.

Overall, insufficient data reporting is a major issue in the medical literature because it
impedes our ability to critically appraise and replicate studies (6). Furthermore, it affects our
standard of care because research studies are used to guide clinical decision making by
physicians, policy makers and other health workers (6). The Standards for Reporting of
Diagnostic Accuracy Studies (STARD) is the current reporting guidelines for DTA studies (7).
The latest version, published in 2015, was developed to “improve the completeness and
transparency of reports in diagnostic accuracy studies (7).” It contains 30 checklist items that
are necessary for readers to assess the risk of bias and applicability of DTA studies (7). However,
studies have shown that adherence to the STARD guidelines is not complete. A review in 2018
by Hong et al. determined that a mean of 16.6/30 (55%) checklist items were reported across 146
DTA studies published in imaging journals in 2016. In addition, 11 items had an adherence of
less than 33% (8).
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In summary, reporting guidelines are used to improve the completeness and transparency
of research studies (6). The research community needs to emphasize the importance of scientific
rigour and thorough reporting when designing and conducting research, to improve the quality of
medical literature. Furthermore, all stakeholders, including medical journals, need to be more
vigilant when assessing the quality of research to ensure published articles are of high standard.
This will improve the quality of downstream publications (i.e. systematic reviews, clinical

practice guidelines) and decision-making in healthcare.

Quality of data in IPD analyses

Chapter 3 describes data collection and analysis of individual participant data from
eligible studies. Data was evaluated using predefined methodology and variables, limiting our
reliance on data reporting and outcome measures in individual studies. Critical study elements,
including bias and applicability concerns, could be assessed at the observational level, using data
obtained by individual authors. In addition, analyses were conducted with original data, using
statistical models there were better-suited in addressing the objectives of the review. Overall, this
improved the comparability between studies and increased the accuracy in our results. Although
there are benefits to IPD analyses, there are significant challenges, particularly in data cleaning
and validation. Initially, our IPD analysis included 28 studies, however throughout a rigorous
data validation process, six studies were excluded. Two studies were excluded because the
author did not want to collaborate further. The other four studies were removed because they did

not assess ancillary features according to the LI-RADs guidelines.

The data from eleven of the remaining studies were modified after validation with the
study authors. The main issues related to how information was coded in the data template we
provided. Aside from specific features, the LI-RADs guidelines is not explicit as to what
variables need to be evaluated and recorded. Therefore, when authors sent our group their data, a
lot of vital information was missing or inappropriately coded. The major concern was the coding
of ancillary features, as observations were either coded as “present” or “absent”. Ancillary
features are optional imaging features, thus not all ancillary features are always evaluated.
Furthermore, ancillary features such as size reduction of transitional phase hyperintensity are not
always applicable as they depend on a prior observation or a hepatobiliary contrast agent,

respectively. Observations coded as “absent” may not have been evaluated or applicable, hence
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they should be excluded from the analysis. Authors had to be contacted to validate this
information, amongst other concerns, to ensure that the data included in the analysis was

appropriate.

To address several of the challenges IPD studies face, future research should clearly
establish a data dictionary for coding data a priori, and be extremely specific. Furthermore, a
multi-stage pilot extraction should be completed with a few studies to identify and address
problematic areas. The first stage should be done with a homogenous group (i.e. similar
expertise, imaging parameters, reference standard) to reduce inter-reader variability and
determine if the study design and data extraction method are effective. The next stage should be
conducted with a diverse group of authors, with different academic, professional and cultural
backgrounds. A major issue in our data dictionary was that definitions/criteria that were deemed
objective, were often misinterpreted by other authors. The second stage would reduce data entry
errors, caused from misunderstandings, from contributing authors. In addition, researchers
should review data vigilantly upon receiving it. Study authors are more active collaborators when
initially sending their data and it will prevent issues from affecting future datasets. This will

streamline the process of data cleaning and validation for IPD studies.

Conclusion

Biopsy is the current standard of care for diagnosing several cancers, however it is an
invasive procedure and non-invasive means of diagnosis are preferable. Our thesis identified the
potential value of imaging in the clinical diagnosis of solid renal masses and HCC, however the
current evidence is limited. bpMRI and mpMRI could be used to minimize the need for biopsy,
however further research, with standardized research methodology, is needed to reduce
variability in the accuracy estimates. Several AFs were independently associated with HCC
and/or malignancy, however due to limitations in the evaluation and reporting of AFs, we
couldn’t evaluate the true association of AFs as intended by the LI-RADS guidelines. Although
there are deficits in the available evidence in diagnostic imaging, the field is new and evolving.
The development of standardized research methodology and reporting guidelines, such as LI-
RADS and STARD, have improved the quality of image interpretation and data reporting in

DTA studies. A continued effort to create a standardized method of conducting, interpreting and
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documenting information will decrease variability between study results in the future, and allow

readers to determine the true impact of diagnostic imaging.
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Appendix
Appendix 2.1: Search Strategy

Ovid MEDLINE(R) ALL <1946 to January 11, 2022>
1 exp Kidney Neoplasms/ 79273
2 ((kidney or renal) adj2 (tumo?r* or carcinoma* or mass* or lesion* or neoplasm* or
cancer)).tw,kf. 80453
3 rcc.tw kf. 17347
or/1-3 111959
Magnetic Resonance Imaging/ 442622
exp Diffusion Magnetic Resonance Imaging/32436
(mri or magnetic resonance or mr imag* or diffusion weight* imag*).tw kf. 565006
Sor6or7 726804
4 and 84964
0 (sensitiv* or predictive value®).mp. or accurac*.tw. or diagnos*.ti. or predict*.tw.
4219208
11 9and 10 1271
12 multiparametric magnetic resonance imaging/ 761
13 (((Multiparametric or multi parametric) adj3 (mri or magnetic resonance imag* or mr
imag®*)) or MPMRI).tw kf. 4696
14 12 or 13 4786
15 4 and 14 44

— O 0 3N DN K~

16 I1or15 1290
17 exp animals/ not humans/ 4941178
18 case reports.pt. 2238587

19 16 not (17 or 18) 1089

Embase ClassictEmbase <1947 to 2022 January 11>

1 exp *kidney cancer/ or exp kidney carcinoma/ 102408

2 ((kidney or renal) adj2 (tumo?r* or carcinoma* or mass* or lesion* or neoplasm* or
cancer)).tw. 118871

3 rcc.tw. 29276

4 lor2or3 153121

5 multiparametric magnetic resonance imaging/ 6030

6 ((multiparametric or multi parametric) adj2 (mri or magnetic resonance imag* or mr
imag*)).tw. 7137

7 mpmri.tw. 3255

8 or/5-7 9077

9 4 and 8113

10 nuclear magnetic resonance imaging/ or diffusion weighted imaging/ 904536
11 (mri or magnetic resonance or mr imag* or diffusion weight* imag*).tw. 803690
12 10or 11 1141177

13 4 and 12 9610

14 sensitiv*.tw. or diagnostic accuracy.sh,tw. or diagnostic.tw. or accura®.ti. 3086771

15 13 and 14 1881
16 9 or 151946
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17 (exp animal/ or nonhuman/) not exp human/ 7510728
18 case report/ 2795737
19 16 not (17 or 18) 1549

EBM Reviews - Cochrane Central Register of Controlled Trials <December 2021>
1 exp Kidney Neoplasms/ 1281

2 ((kidney or renal) adj2 (tumo?r* or carcinoma* or mass* or lesion* or neoplasm* or
cancer)).tw,kw. 4918

3 rcc.tw,kw. 1396

4 or/1-3 5334

5 Magnetic Resonance Imaging/ 7992

6 exp Diffusion Magnetic Resonance Imaging/433

7 (mri or magnetic resonance or mr imag* or diffusion weight* imag*).tw,kw. 41352
8 Sor6or7 43026

9 4 and 8210

10 (sensitiv* or predict*).mp. or accurac*.tw. or diagnos*.ti. 216614

11 9and 10 72

12 multiparametric magnetic resonance imaging/ 5

13 ((Multiparametric or multi parametric) adj3 (mri or magnetic resonance imag* or mr
imag®*)).tw,kw. 392

14 MPMRI.tw kw. 223

15 or/12-14 463
16 4 and 15 7
17 11or16 73

84



Appendix S2.2. World Health Organization (WHO) classification of tumours of the kidney.
Reproduced from the WHO International Agency for Research on Cancer and Moch et al [32]].
Morphology codes are based on the classifications from the International Classification of
Diseases for Oncology (ICD-O). The morphology codes will be used to classify pathological
results as benign (/0) versus malignant (/2 or /3).
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Renal cell tumors

Mesenchymal tumours
occurring mainly in adults

Clear cell renal cell carcinoma 8310/3 | Leiomyosarcoma 8890/3
Multilocular cystic renal neoplasm of low malignant
potential 8316/1* | Angiosarcoma 9120/3
Papillary renal cell carcinoma 8260/3 | Rhabdomyosarcoma 8900/3
Hereditary leiomyomatosis and renal cell carcinoma-
associated renal cell carcinoma 8311/3* | Osteosarcoma 9180/3
Chromophobe renal cell carcinoma 8317/3 | Synovial sarcoma 9040/3
Collecting duct carcinoma 8319/3 | Ewing sarcoma 9364/3
Renal medullary carcinoma 8510/3* | Angiomyolipoma 8860/0
MiT family translocation renal cell carcinomas 8311/3* | Epithelioid angiomyolipoma 8860/1*
Succinate dehydrogenase-deficient renal carcinoma 8311/3 | Leiomyoma 8890/0
Mucinous tubular and spindle cell carcinoma 8480/3* | Haemangioma 9120/0
Tubulocystic renal cell carcinoma 8316/3* | Lymphangioma 9170/0
Acquired cystic disease-associated renal cell carcinoma 8316/3 | Haemangioblastoma 9161/1
Clear cell papillary renal cell carcinoma 8323/1 | Juxtaglomerular cell tumour 8361/0
Renomedullary interstitial cell
Renal cell carcinoma, unclassified 8312/3 | tumour 8966/0
Papillary adenoma 8260/0 | Schwannoma 9560/0
Oncocytoma 8290/0 | Solitary fibrous tumour 8815/1
Mixed epithelial and stromal
Metanephric tumours tumour family
Metanephric adenoma 8325/0 | Cystic nephroma 8959/0
Mixed epithelial and stromal
Metanephric adenofibroma 9013/0 | tumour 8959/0
Metanephric stromal tumour 8935/1
Neuroendocrine tumours
Nephroblastic and cystic tumours occurring mainly in Well-differentiated
children neuroendocrine tumour 8240/3
Large cell neuroendocrine
Nephrogenic rests carcinoma 8013/3
Small cell neuroendocrine
Nephroblastoma 8960/3 | carcinoma 8041/3
Cystic partially differentiated nephroblastoma 8959/1 | Phaeochromocytoma 8700/0
Paediatric cystic nephroma 8959/0
Miscellaneous tumours
Mesenchymal tumours Renal haematopoietic neoplasms
Germ cell tumours
Mesenchymal tumours occurring mainly in children
Clear cell sarcoma 8964/3 | Metastatic tumours
Rhabdoid tumour 8963/3
Congenital mesoblastic nephroma 8960/1
Ossifying renal tumour of infancy 8967/0
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Appendix 2.3. Histologic classification of aggressive versus indolent renal tumors [reproduced
from Bhindi et al [17]]. This table will be used to classify pathological results as indolent versus
aggressive.

Indolent? Aggressive a
Benign and indolent Aggressive clear-cell RCC ¢
Oncocytoma Aggressive papillary RCC ¢
Non-epithelioid angiomyolipoma ® Collecting duct RCC
Papillary adenoma Unclassified RCC
Metanephric adenoma Translocation-associated RCC
Other benign tumors Hereditary leiomyomatosis RCC

Other malignant non-RCC tumors
Malignant and indolent
Epithelioid angiomyolipoma b
Indolent clear-cell RCC ¢
Indolent papillary RCC ¢
Chromophobe RCC ¢
Clear-cell papillary RCC
Tubulocystic RCC
Mucinous tubular and spindle cell RCC
Succinyl dehydrogenase deficient RCC

RCC = renal cell carcinoma.

a. The presence of any sarcomatoid differentiation led to the classification of malignancies as aggressive. The
presence of coagulative necrosis also led to the classification of malignancies as aggressive, except for low-
grade (1-2) papillary RCC, where it does not appear to portend a poor prognosis [26].

b. Epithelioid angiomyolipoma was considered malignant given its ability to metastasize, but indolent in
behavior [33], [34].

c. In addition to sarcomatoid differentiation (both clear-cell and papillary RCC) and necrosis (clear-cell RCC),
any high-grade (3—4) component led to aggressive classification for clear-cell and papillary RCC.

d. Chromophobe RCC was not graded as per International Society of Urological Pathology 2012 Consensus
Recommendations [29] and was considered indolent if sarcomatoid differentiation and coagulative necrosis
were absent.
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Appendix 2.4. Modified QUADAS-2 signalling questions for risk of bias and applicability

assessment.

Domain 1: Patient selection
A. Risk of bias
Describe methods of patient selection:
I.  Was a consecutive or random sample of patients enrolled?
II. Was a case-control design avoided?
1. Did the study avoid inappropriate exclusions
Could the selection of patients have introduced bias?

B. Concerns regarding applicability
Is there concern that the included patients do not match the review
question?

L Ifthe study inclusion includes all renal masses but does not
specify solid vs. cystic proportion = HIGH (there is a high
likelihood that cystic renal masses were included)

11, If'the study definition of solid masses includes masses with
>25% cystic component = HIGH

I If the study includes solid masses but does not specify the
definition of “solid” = UNCLEAR

Yes, no or unclear
Yes, no or unclear
Yes, no or unclear
Risk: low, high or unclear

Concern: low, high or unclear

Domain 2: Index test and comparator test
A. Risk of bias
Describe the index test and how it was conducted and interpreted:
a. Were the index test results interpreted without knowledge
of the results of the reference standard?
b. Were diagnostic criteria prespecified, including any
thresholds used for quantitative parameters?
i. MODIFIED from “If a threshold was used, was it
prespecified”
Could the conduct or interpretation of the index test have
introduced bias?

B. Concerns regarding applicability
Is there concern that the index test, its conduct, or interpretation
differ from the review question?
1. Ifthe DCE timing does not adhere to the recommendations
from the Society of Abdominal Radiology Disease Focused
Panel on Renal Cell Carcinoma (23) (i.e: corticomedullary
phase (~30 seconds post contrast), nephrographic phase
(~90-100 seconds post contrast) + excretory phase (180-
210 seconds post contrast) imaging = HIGH
Il. If'timing of post-contrast sequences not sufficiently
reported = UNCLEAR

Yes, no or unclear

Yes, no or unclear

Risk: low, high or unclear

Concern: low, high or unclear

Domain 3: Reference standard
A. Risk of bias

Describe the reference standard and how it was conducted and
interpreted:
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I.  Is the reference standard likely to correctly classify the
target condition?
i. Any histopathology (surgical or biopsy) = YES
Could the reference standard, its conduct, or its interpretation have
introduced bias?

B. Concerns regarding applicability
Is there concern that the target condition as defined by the reference
standard does not match the review question?
L Any histopathology (surgical or biopsy) = LOW

Yes, no or unclear

Risk: low, high or unclear

Concern: low, high or unclear

Domain 4: Flow and timing
A. Risk of bias
Describe any patients who did not receive the index test(s) and/or
reference standard or who were excluded from the 2x2 table:
Describe the time interval and any interventions between index
test(s) and reference standard:
I. Did all patients receive a reference standard?
II. Did patients receive the same reference standard?
III. Were all patients included in the analysis?
Could the patient flow have introduced bias?

Yes, no or unclear
Yes, no or unclear
Yes, no or unclear
Risk: low, high or unclear
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Appendix 2.5. Specific subtypes of solid renal masses used in each study.

Number .
Study Outcome of masses Target condition Comparator group
ccRCC, pRCC; chrRCC, “malignant others” (RCC,
Malienant vs RCC with oncocytic and papillary features, other renal | AML, Oncocytoma, a nonspecified mesenchymal
Xu 2021a beni gn ' 60 cell carcinoma subtypes including Xp11 translocation tumor that could not be further differentiated by the
& RCC, mixed histopathology tumors including hybrid pathologist
oncocytoma and chromophobe tumor (HOCT))
Goyal Malignant vs. 90 RCC, TCC, Miscellaneous (SCC, Primitive AML ¢ lei
2018 benign neuroectodermal tumour, Lymphoma, metastases) » oncocytoma, felomyoma
Malignant vs.
Baldari benign; ccRCC 18 ccRCC, ccpRCC, urothelial carcinoma, chrRCC, I
2015 vs other lymphoma* tpoma, oncocycoma
subtypes
Xu 2021b xili‘ggr?am V8144 ccRCC, pRCC, chrRCC fp-AML, oncocytoma
ZDOeﬁllva tl\)i ililggrrllant Ve 72 Radiologist impression Radiologist impression
pRCC, chrRCC, oncocytoma, oncocytic neoplasm;
Steinberg | ccRCC vs other 454 unspecified RCC, urothelial cell carcinoma, primary moMRI
2021 subtypes renal sarcoma, renal medullary carcinoma, unknown P
carcinoma, metastatic lesion, benign
80
. included in
12\1(;12(11) OBl gﬁ{){tccezs other radiologist | ccRCC Oncocytoma
P subset (of
243 total)
i R
Supido | ccX t(;;:ezs other | 54 ccRCC pRCC, chrRCC
Canvasser | ccRCC vs other 121 ccRCC All other subtypes (pRCC, chrRCC, other RCC,
2017 subtypes oncocytoma, AML, other benign)
pRCC, oncocytoma, chrRCC, fpAML, unclassified
g RCC, ccpRCC, oncocytic neoplasm, metastasis
h 2 ’ ) ’ s
%;;da gﬁ{){tccezs other 250 ccRCC mucinous tubular and spindle cell tumor, epithelioid
yP AML, lymphoma, multilocular cystic neoplasm of
low malignant potential, sclerosing PEComa
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RCC=renal cell carcinoma; ccRCC=clear cell renal cell carcinoma; pRCC=papillary renal cell carcinoma; chrRCC=chromophobe
renal cell carcinoma; AML=angiomyolipoma; TCC=renal transitional cell carcinoma; SCC=squamous cell carcinoma; ccpRCC=clear
cell papillary renal cell carcinoma; fp-AML=fat poor angiomyolipoma;

*For the study by Baldari et al.[48], ccpRCC, urothelial carcinoma, chrRCC and lymphoma masses were part of the comparator group
when assessing the secondary outcome ccRCC vs other subtypes.
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Appendix 2.6. Detailed description of MRI

arameters used in imaging of renal masses (NR=not reported)

Flip
Repetitio Echo angle Slice
Instrumen n time time (degrees | thicknes Field of view
Study t Vendor Sequence Specific Sequence (ms) (ms) ) s (mm) Matrix size (cm)
256x192 (1.5T)
Symphony | I2 weighted | T2 Coronal fast spin echo 80-1000 60-70 90 4-5 288x192 (3.0T) 38-42
or Espree 2.2-
Siemens 2.8/4.4-
Medical 53
Solutions (1.5T)
or Signa Chemical 1.1-
1.5T/3.0T Excite shift (T1 in- | T1 Axial dual-echo in and opposed 1.3/2.2- 256x128-192
Xu2021a MRI TwinSpeed phase and phases, spoiled gradient recall echo 2.6 (1.5T)
Scanner ,GE out-phase) (GRE) 170-80 (3.07) 80 6-7 320x160 (3.0T) 36-40
Medical Dynamic
Systems/ contrast 256x192 (1.5T)
Signa enhancemen | Coronal/Axial 3D GRE with fat 10- 256x160 (3.0T)/
Excite, GE t saturation, post contrast 4-5 1-2 11/11-15 | 3/2.5-3.2 256x192 38-42/36-40
Medical 10
Systems Other Sagittal oblique (oriented across (1.5T)
(please each kidney) 3D GRE with fat 12 256x192 (1.5T)
specify) saturation 4-5 1-2 (3.07) 3-3.2 256x160 (3.0T) 34-38
Philips
Ingenia T2 weighted | NR NR NR NR NR NR NR
1.5T and Chemical
3T, Philips | shift (T1 in-
Achieva phase and
1.5T and out-phase) NR NR NR NR NR NR NR
3T, Dynamic
Siemens contrast
1.5T/3.0T Avanto enhancemen
Steinberg 2021 whole- 1._5T, and t NR NR NR NR NR NR NR
body Siemens
scanner Aera 1.5T;
institution
2: Siemens
Aera 1.5T,
Siemens
Avanto Fit
1.5T,
Siemens DWwI
Skyra 3T) (optional) NR NR NR NR NR NR NR
. LSTMRI | Aera T2 weighted | T2-WI without fat saturation 1700 112 140 40 232x256 148.5x66.9
Nikpanah 2021 Siemens -
Scanner Chemical
Healthcare | ;.4 Pre-contrast T1-WI 3.78 1.74 10 104 270x320 119x53.5
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Dynamic

contrast
enhancemen | Arterial Phase T1-WI/
t Venous Phase T1-Wi 3.78 1.74 10 104 270x320 119x53.5
288x512/410x51 | 263x350/380x38
2 0
True FISP 2D (Axial/Coronal) 3.4/3.4 1.4/1.4 5/5 288x512/171x25 | 278x370/410x43
T2 weighted | T2W FS TSE (Axial/Coronal) 2520/2700 | 100/100 | NR 5/5 6 0
Chemical
Si shift (T1 in-
Goyal 2018 1.5T MRI [;531’25 phase and | TIW 2D FLASH axial dual echo 4.76/2.3 288x512/288x51 | 278x370/278x37
Scanner § out-phase) (In-phase/Out-of-phase) 125/125 4 NR 5/5 2 0
Erlangen -
Dynamic
contrast
enhancemen | Post contrast TIW FS 3D VIBE 158x512/322x51 | 253x450/400x40
t (Axial/Coronal) 5.1/5.0 2.3/2.3 NR 3/3 2 0
DWwI FS axial DW-MRI at b=0,500
(optional) s/mm”"2 1600 62 NR 7 94x192 249x380
Fast imaging with steady-state free
precession (FISP) sequence acquired
coronally;
Half-Fourier acquisition single-shot
turbo spin-echo (HASTE) sequence
acquired axially; 3.6; 1.83; 70; 6;
Fat-suppressed HASTE sequence 1000; 90; NR; 6;
T2 weighted | acquired coronally 900 90 NR 6 NR NR
Chemical
shift (T1 in- | Dual echo T1 in-phase and T1-
Siemens phase and opposed phase sequences acquired
. 1.5T MRI Healthcare, | out-phase) axially 136/136 4.7/2.03 70/70 6/6 NR NR
Cupido 2017
Scanner Erlangen, Fat-suppressed unenhanced and
Germany contrast-enhanced three-dimensional
(3D) volumetric interpolated breath-
Dynamic hold examination (VIBE) sequences
contrast acquired axially;
enhancemen | Fat-suppressed contrast-enhanced 4.3; 1.68; 120; 4; 90x9x256; 225x9x450;
t 3D VIBE sequence acquired axially 4.3 1.68 120 4 NR NR
Diffusion-weighted navigator-
triggered prospective acquisition
correction (DWI-PACE) with b
DWI values of 0, 50, 150, and 500,
(optional) acquired axially. NR NR NR NR NR NR
Coronal/Axial (with fat-suppression) 256x154 to
T2 weighted | planes 964-4820 70-120 NR 4-8 348x280 NR
1.5T/3.0T Chemical 2.38/4.8
whole- shift (T1 in- 7 (1.5T)
Canvasser 2017 body NR phase and Axial chemical shift T1-weighted 1.12.3 193x168 to
scanner out-phase) images 100-216 (3.0T) NR 5-8 500x286 NR
Dynamic Fat-supressed DCS T1-weighted 176x149 to
contrast imaging (Axial or coronal planes) 34-54 1.6-2.4 NR 3-6 320x259 NR
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enhancemen
t
Diffusion-weighted navigator-
triggered prospective acquisition
correction (DWI-PACE) with b
DWI values of 0, 50, 150, and 500,
(optional) acquired axially NR NR NR NR NR NR
T2 weighted HASTE axial and
coronal planes with and without fat
suppression/
T2 weighted TRUFI on axial and 2000/ 92/
T2 weighted | coronal planes 510.3 1.2 NR NR NR NR
1500 (In- 2 (In-
High-field Trio phase); phase);
Baldari 2015 (3 Tesla) Sierr;ens Chemical Axial chemical shift T1-weighted 1530 35 (Out-
scanner shift (T] in- | images/ (Out-of- of-
phase and T1 weighted VIBE on the axial phase)/ phase)/
out-phase) plane 33 1.1 NR NR NR NR
Dynamic
contrast
enhancemen
t Axial plane DCE 33 1.1 NR NR NR NR
Axial T2-weighted fast spin-echo
High-field Trio T2 weighted | sequence (T2WI) 4800 74 NR 5/1 320x320 40x40
Xu 2021b (3 Tesla) Sierr;ens Breath-hold single-shot spin echo
scanner DWI echo-planar imaging (SE-EPI) (b-
(optional) value=800 seconds/mm) 7000 80 NR 5/1.5 NR 24x24
T2 weighted | Conventional breath-held sequences | NR NR NR NR NR NR
Chemical
shift (T1 in-
. phase and
_ High-field out-phase) | NR NR NR NR NR NR NR
De Silva 2021 (3 Tesla) NR Dynamic
scanner contrast
enhancemen
t NR NR NR NR NR NR NR
DwI
(optional) NR NR NR NR NR NR NR
1.5T: Axial and/or coronal T2-weighted
Symphony (T2W) single-shot fast or turbo spin | All imaging sequences were performed and met study inclusion criteria. A full detail of the
or Aera, T2 weighted | echo individual parameters can be accessed at: (INSERT LINK)
1.5T/3.01 | Siemens | Chemical o
. whole- Healthca.re shift (T1 in- | Dual-echo chemical sh}ft (in and
Schieda 2022 bod 3.0T: Trio, | phase and opposed phase) T1-weighted (T1W)
scar?ner Siemens out-phase) gradient-recalled echo (GRE)
Healthcare; | Dynamic Multiphasic contrast-enhanced fat-
Discovery contrast suppressed (FS) TIW GRE obtained
750 W, enhancemen | before and after intravenous
General t administration
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Electric
Healthcare

DwI
(optional)

Axial single-shot echo-planar
diffusion-weighted imaging (DWI)
with a low (<200 mm2/sec) and high
(>500 mm2/sec) b-value

NR-Not reported; DWI- Diffusion weighted imaging
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Appendix 2.7. MRI features used for diagnosis of target condition among renal masses

Chemical shift (T'1 in-phase

Primary

T2 weighted ) Dynamic contrast enhancement DWTI (optional) Other (please specify) e
Study - - - — - X
Qualitative Qpantlt Qualitative Qpantlt Qualitative Quantlta Qualitati Quantitative Qualitative Qpantlt o
ative ative tive ve ative criteria
T2
Signal
Intensit
y Ratio
(511-12{) _ Intravoxel fat
Ratio of (signal drop on Arterial-
tumor to OoP); Segmental to-Dela; ADC (cutoff Macroscopic
Heterogeneity of the lesion -- normal Hemorrhagic En%lancement enhancg of 1.3 and fat without
. component (T1 . : calcification
Xu Lesion texture as observed on | renal . Inversion (SEI) or T2 | ment 1.7); . Undefin
2021a | T2WI; Central necrosis (T2 cortex ?j{fﬁ;ﬁiteme bright delayed Ratio macroscopic E)igfztal dropout ed
bright nonenhancing)) SIon enhancement); enhancing central (ADER), fat without suppressed
non-fat- Central necros’is scar. cutoff calcification imlé)f;ges)
SIS | (T dark 1.5
weighte nonenhancing)
d
images
(coronal
or axial)
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Determine enhancing

Diffusio

n
component on delay .
(2min) post-contrast; restrictio
Assess area with Arterial- ?higher
Signal intensity on T2 vs highest enhancement to-Delay and
Renal Cortex Microscopic fat on CM phase enhance lower
_ . . (present or not (ccRCC=intense; ment - Macroscopic
(ccRCC=hyperintense/isotens oo . signal : Clear
. . ’ present); Central pRCC=mild; Ratio . . fat (ccLS is not
Steinb | e/hypointense; . . intensity . cell
. . non-enhancing chrRCC=intense/mod | (ADER), applicable to .
erg pRCC=isotense/hypointense; arca and/or erate: cutoff than masses with likelihoo
2021 chrRCC=hyperintense/isotens . . renal . d score
_ . Intravoxel fat AML=intense/mild; 1.5 macroscopic
e; AML=hypointense; _ . y R parench £ (ccLS)
oncocytoma=h tense/isot (ccRCC=present oncocytoma=intense, (ccRCC at)
4 YPErntense/iso ) moderate); segmental | <1.5; yma on
ense) » S8 . b800
enhancement AML>1. DWI
inversion (present or 5) and
not present); Central ADC
scar (ccRCC and respe’c G
oncocytoma=present) vely)
E;}l:pa Undefin
2021 ed
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Goyal
2018

FS axial
DW-
MRI at
b=0, 500
s/mm2;
presence
of
restricte
d
diffusio
n in the
solid
enhanci
ng
compon
ents of a
renal
lesion
affirmed
maligna
ney;
Free
diffusio
nin
cystic
lesions
clinched
the
diagnosi
s of
benign
cysts

Undefin
ed
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Cupid
02017

T2 signal on MRI
(ccRCC=mostly high signal
pRCC=mostly low signal;
chrRCC=variable signal)

>

Tumor
hypervascularity on
contrast enhanced
images
(ccRCC=hypervascul
ar;
pRCC=hypovascular;
chrRCC=intermediate
vascularity)

Margins
(ccRCC=well
or poorly
circumscribed;
pRCC=well
circumscribed;
chrRCC=well
circumscribed
and relatively
large)
Consistency
(ccRC=mostly
heterogenous;
pRCC=mostly
homogenous;
chrRCC-
central stellate
scar, but if no
scar, mostly
homogenous)

Margins,
consiste
ncy, T2
signal
and
vasculari

ty
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Determine enhancing

Diffusio

component on delay noo
(2min) post-contrast; restrictio
Assess area with Arterial- ?hi her
Signal intensity on T2 vs . . highest enhancement to-Delay am%
Renal Cortex Microscopic fat on CM phase enhance lower .
(ccRCC=hyperintense/isotens (present or not (ccRCCﬁntense; mer}t signal Macroscoplc
B /Ly pointense; present); antral pRCC:m}ld; Ratio intensity fat (chS is not
. i . non-enhancing chrRCC=intense/mod | (ADER), applicable to Undefin
sser pRCC=isotense/hypointense; ) than .
2017 chrRCC=hyperintense/isotens area and/or erate; cutoff renal masses with e
) _ . ; Intravoxel fat AML=intense/mild; 1.5 macroscopic
¢; AML=hypointense; (ccRCC=present oncocytoma=intense/ | (ccRCC parench fat)
oncocytoma=hyperintense/isot P Y ) ) yma on
ense) ) moderate); segmental | <1.5; 300
enhancement AML>1. DWI
inversion (present or 5) d
not present); Central aAnD c
scar (ccRCC and -
toma=present) respecti
oncocy p vely)
Margins; Peri-
renal fat
infiltration;
Presence or absence of Loco-regional
Baldar | changes of the renal Mass Lesion contrast vascular Undefin
12015 | parenchyma in terms of space- | size enhancement .structur‘es ed
occupying lesions infiltration;
lesion
structure;
overall not
very specific
Presume
3%12”3 Presumed. no details provided gétr;?ls gdndeﬁn
provided
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Microscopic fat

ADC values
(ccRCC=inter
mediate 1.43,

ccRCC=commo ADC,
fl' (0.68-2.46); microsc
RCC=uncomm Enhancement ratio in PRCC=low(0. . opic and
p 77,0.55-0.90); | Necrosis P
on; corticomedullary et _ macrosc
chrRCC=commo phase(ccRCC=avid; ghéé{%Cé;l?W( frclgl;CC com opic fat,
De n; lipid poor pRCC=mild; 0' 6 63' l.i id chrR,C Crare: enhance
Silva AML=uncommo chrRCC=moderate- ;)or 1P fat rich ’ ment
2021 n/rare; fat rich avid; lipid poor gML:low AML=rare: ratio in
AML=common; AML=mild- (1.09, 1.05- oncoc tom’a:ra CM
oncocytoma=rar moderate; fat rich 1 éO)" f.at rch | re /mayhave phase,
e/never), AML=variable; AML;IOW scar) y necrosis
macroscopic fat oncocytoma=avid) (0.74, 0.48- af
(fat rich 0 53)’. ’ applicab
AML=always; e _ le)
others=none) oncocytoma=h
igh (2.16,
1.47-2.59))
Determine enhancing ?1ffus1o
component on delay tricti
(2min) post-contrast; ;es rieho
Assess area with Arterial- (higher
Sional intensit ™ highest enhancement to-Delay f
\gnat mtensity on 1.2 vs Microscopic fat on CM phase enhance an
Renal Cortex . lower .
(ccRCC=hyperintense/isotens (present or not (ccRCC=intense; ment sional Macroscopic Clear
hypoint yp i present); Central pRCC=mild; Ratio . % it fat (ccLS is not 1
Schied | © ypoip TS, . ) non-enhancing chrRCC=intense/mod | (ADER), intenstty applicable to e
pRCC=isotense/hypointense; ) than ; likelihoo
22022 chrRCC=hyperintense/isotens area and/or erate; cutoff renal masses with d score
_ ype! Intravoxel fat AML=intense/mild; 1.5 macroscopic
e; AML=hypointense; _ . parench (ccLS)
oncocyioma=hvperintense/isot (ccRCC=present oncocytoma=intense/ | (ccRCC ma on fat)
ense) 4 yp ) moderate); segmental | <1.5; ESOO
enhancement AML>1. DWI
inversion (present or 5) and
not present); Central ADC
scar (ccRCC and respe’cti
oncocytoma=present) vely)
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Study TP FP FN TN ze.;ljitivity [95 (Sjlﬁiﬁc“y [95 Sensitivity Specificity
Baldari2015 15 2 0 1  1.00[0.80,1.00] 0.33[0.06,0.79] —u | —
DeSilva2021 49 3 2 18 0.96[0.87,0.99] 0.86 [0.65, 0.95] — —a
Goyal 2018 62 9 0 16 1.00[0.94,1.00] 0.64[0.45,0.80] R _—
Xu202la** 29 14 7 10 0.80[0.64,0.90]  0.40 [0.23, 0.60] . .
Xu2021b*® 25 4 7 8  0.77[0.60,0.88]  0.62[0.35,0.84]
i’s‘::::i'ey 0.95[0.77,0.99] 0.63[0.46,0.77] —T—T—T—1 T T T 1
006 051 095 06 08 1.0

*Data was averaged out over several readers.
aFleiss’s kappa (three readers): r=0.29 (p=0.0001)
bInter-class correlation coefficient between radiologist A and B: 0.822

Appendix 2.8. Individual two-by-two data and forest plots of the included studies for the primary target condition: malignant vs.
benign solid renal masses (n=5). Summary estimates of sensitivity and specificity, with 95% Cls, were calculated using the bivariate
random effects model. The figure was generated using the Ime4 package in R.
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Sensitivity [95 Specificity [95

Study ™ FPFEN IN o) C.L] Sensitivity Specificity
Baldari2015 10 2 0 6  1.00[0.72,1.00]  0.75[0.41, 0.93] e — [
gg{l;fffer 48 13 12 46 0.79[0.67,0.87] 0.79[0.67,0.88] & ———
Cupido2017* 17 3 4 26 0.85[0.64,0.95]  0.87[0.70,0.95] ¢ -— ——
Nikpanah

B 34 15 6 25  0.85[0.71,0.93]  0.62[0.47,0.76] —— —a—
Schieda 8 30 28 10 8 9 8

0pg%be 3 3 0.75[0.66,0.82]  0.79[0.71,0.85]  +—=— —
g(‘)"'zl;‘ferg 258 37 26 133 0.91[0.87,0.94]  0.78[0.71, 0.84] - -
;"".”"‘"y 0.85[0.77,0.90] 0.77[0.73,081] T T T T 1 T T T 1
stimate 064 082 100 041 068 095

*Data was averaged out over several readers.
nter-reader variability (seven readers): k=0.53 (range: 0.38-0.64)
bStudies used ccLS for diagnosis. Masses were defined as ccRCC “positive” if they had score of 4 or 5 [18, 43], while other masses

(ccLS 1-3) were classified as “negative.”

“Fleiss’s kappa- Institution 1 (2 readers) r=0.46 (95% CI=0.28-0.63); Institution 2 (2 readers) r=0.58 (95% CI=0.39-0.77); Institution 3
(2 readers) r=0.66 (95% CI=0.46-0.85); Institution 4 (2 readers) r=0.41 (95% CI=0.26-0.60); Institution 5 (2 readers) r=0.82 (95%
CI=0.64-1.00);

Appendix 2.9. Individual two-by-two data and forest plots of the included studies for the secondary target condition: ccRCC vs other
subtypes (n=6). Summary estimates of sensitivity and specificity, with 95% Cls, were determined using the bivariate random effects
model. The figure was generated using the Ime4 package in R.
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Appendix 2.10. Individual study data for the diagnoses of ccRCC using ccLS scores (n=3).
Steinberg 2021 [18], Canavsser 2017 [43] and Schieda 2022 [47] used ccLS scores to diagnose
ccRCC. The ccLS scores presented serve as thresholds (ex. ccLS 3 classifies a ccRCC positive
mass as any mass diagnosed as ccLS 5, ccLS 4 or ccLS 3).

ccLS  Study TP FP FN TN Sensitivity [95 Specificity [95 C.L]

Score C.L]

5 Steinberg 2021 173 13 111 157 0.61 [0.55,0.66] 0.92[0.87, 0.95]
Canvasser 2017**  23.6 43 37 54.1 0.39[0.28,0.52]  0.93[0.83,0.97]
Schieda 2022*° 45 105 74 120.5 0.38[0.30,0.47] 0.92[0.86, 0.96]

4 Steinberg 2021 258 37 26 133 0.91[0.87,0.94] 0.78 [0.71, 0.84]
Canvasser 2017** 473 122 133 46.2 0.78 [0.66, 0.87]  0.79 [0.67, 0.88]
Schieda 2022*° 89 285 30 102.5  0.75[0.66,0.82]  0.78 [0.70, 0.84]

3 Steinberg 2021 278 74 6 96 0.98 [0.95,0.99] 0.56 [0.49, 0.64]
Canvasser 2017** 579 253 27  33.1 0.96 [0.87,0.99]  0.57 [0.44, 0.69]
Schieda 2022*° 112 78 7 53 0.94 [0.88,0.97] 0.40[0.32, 0.49]

2 Steinberg 2021 281 118 3 52 0.99[0.97,1.00] 0.31[0.24, 0.38]
Canvasser 2017** 602 363 04  22.1 0.99[0.93,1.00] 0.38[0.27,0.51]
Schieda 2022*" 116 845 3 46.5 0.97[0.93,0.99] 0.35[0.28, 0.44]

1 Steinberg 2021 284 170 0 0 1.00 [0.98, 1.00]  0.00 [0.00, 0.03]
Canvasser 2017**  60.6 584 0 0 0.99[0.93, 1.00]  0.01 [0.00, 0.08]
Schieda 2022*° 119 131 0 0 1.00 [0.96, 1.00]  0.00 [0.00, 0.04]

*Data was averaged out over several readers.

4nter-reader variability (seven readers): k=0.53 (range: 0.38-0.64)
bFleiss’s kappa- Institution 1 (2 readers) r=0.46 (95% CI=0.28-0.63); Institution 2 (2 readers)

r=0.58 (95% CI=0.39-0.77); Institution 3 (2 readers) r=0.66 (95% CI=0.46-0.85); Institution 4 (2

readers) r=0.41 (95% CI=0.26-0.60); Institution 5 (2 readers) r=0.82 (95% CI=0.64-1.00);
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Appendix 3.1. Composite Reference Standard (12)

For HCC, histopathology from core needle biopsy, hepatectomy, or explanation was favored.
Otherwise, an observation was considered positive for HCC if it fulfilled either of the following

criteria:

e (Categorized as LR-5 on another imaging modality and showed threshold growth (= 50%
size increase in less than 6 months);
e (Categorized as LR-5 and treated locoregionally, then recurred on CT or MRI based on

LI-RADS treatment response criteria.

Non-HCC malignancies required histopathology for confirmation. LR-3, LR-4 and LR-M
observations that underwent local treatment and recurred on subsequent CT or MRI were

considered malignant, but not specifically HCC.

An observation was considered benign if it was stable on imaging for at least 12 months, or if it
demonstrated either an unequivocal spontaneous size reduction of at least 30% diameter or

disappearance with no treatment, and not attributable to resorption of tumoral blood products.
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Appendix 3.2. Search strategy used in this review. The search strategy was adapted from the
previous IPD study (13).

Initial Search

Database: Ovid MEDLINE(R) ALL <1946 to January 12, 2022>
Search Strategy:

# Search Statement Results

1 (LI-RADS or LIRADS).tw ,kw kf. 213

2 “liver imaging reporting and data system.”tw,kw. 164

3 (LR-1 or LR-2 or LR-3 or LR-4 or LR-5 or LR-5 V or LR-OM or LR-TIV
or LR-M or LR1 or LR2 or LR3 or LR4 or LRS or LR5 V or LRTIV or
LRM or LROM).tw.

1381

4 or/1-3 1535

5 Radiology Information Systems/ 5601

6 Carcinoma, Hepatocellular/or Cholangiocarcinoma/ 87260
7 (hepatocellular carcinoma* or hepatocellular neoplasm* or
hepatocellular cancer or hepatic cell carcinoma* or HCC or
cholangiocarcinoma* or hepatic nodule* or liver lesion* or
adrenocortical carcinoma*).tw,kw,kf.

106476

8 Liver Neoplasms/dg 14552

9 exp Liver Diseases/dg or liver disease™®.tw,kw.kf. 125220
10 Liver/dg [Diagnostic Imaging] 14373

11 liver imaging.tw,kw. 948

12 or/6-11 244663

13 5and 12 63

14 4 0or 13 1570

15 Tomography, X-Ray Computed/ 366371

16 (computed tomograph* or CT).tw,kw. 465130

17 Magnetic Resonance Imaging/ 382106

18 (mri or magnetic resonance or MDCT).tw kw kf. 459570
19 Ultrasonography, Doppler, Color/ 13621

20 (CEUS or contrast enhanced ultrasound).tw,kw. 4247

21 or/15-20 1131135

22 14 and 21 286

23 limit 22 to yr = ”2014-Current” 234

Database: Embase ClassictEmbase <1947 to 2022 January 12>

Search Strategy:

1 (LI-RADS or LIRADS).tw. (296)

2 “Liver Imaging Reporting and Data System”.af. (230)

3 (LR-1 or LR-2 or LR-3 or LR-4 or LR-5 or LR-5V or LR-OM or LR-TIV or LR-M or LR1 or
LR2 or LR3 or LR4 or LR5 or LR5V or LRTIV or LRM or LROM).tw. (2063)

4 or/1-3 (2277)

5 computer assisted tomography/(703333)
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6 (computed tomograph* or ct).tw. (714930)

7 nuclear magnetic resonance imaging/(745564)

8 (MRI or magnetic resonance or mr imaging or MDCT).tw. (679741)
Page 6 of 34

9 contrast-enhanced ultrasound/(3100)

10 (CEUS or contrast enhanced ultrasound).tw. (6818)

11 or/5-10 (1788445)

12 4 and 11 (426)

13 limit 12 to yr="2014 -Current” (352)

Database: EBM Reviews - Cochrane Central Register of Controlled Trials <December
2021>

Search Strategy:

1 (LI-RADS or LIRADS).tw,kw (5).

2 “liver imaging reporting and data system”.tw,kw (4).

3 (LR-1 or LR-2 or LR-3 or LR-4 or LR-5 or LR-5V or LR-OM or LR-TIV or LR-M or LR1 or
LR2 or LR3 or LR4 or LR5 or LR5V or LRTIV or LRM or LROM).tw. (392)

4 or/1-3 (396)

5 Radiology Information Systems/ (25)

6 Carcinoma, Hepatocellular/or Cholangiocarcinoma/(1718)

7 (hepatocellular carcinoma* or hepatocellular neoplasm* or hepatocellular cancer or hepatic
cell carcinoma* or HCC or cholangiocarcinoma* or hepatic nodule* or liver lesion* or
adrenocortical carcinoma*).tw,kw. (5710)

8 Liver Neoplasms/(2229)

9 exp Liver Diseases/or liver disease™®.tw,kw. (19094)

10 Liver/(2960)

11 liver imaging.tw,kw (51).

12 or/6-11 (24377)

135and 12 (1)

14 4 or 13 (397)

15 Tomography, X-Ray Computed/(4051)

16 (computed tomograph* or CT).tw. (29214)

17 Magnetic Resonance Imaging/(6879)

18 (mri or magnetic resonance or MDCT).tw. (28896)

19 Ultrasonography, Doppler, Color/(440)

20 (CEUS or contrast enhanced ultrasound).tw. (280)

21 or/15-20 (56293)

22 14 and 21 (31)

Page 7 of 34

23 limit 22 to yr="2014 -Current” (24)

SCOPUS

Search Strategy:

( (TITLE-ABS-KEY ( li-rads OR lirads ) ) OR ( TITLE-ABS-KEY ( "liver imaging reporting
and data system" ) ) OR ( TITLE-ABS-KEY (Ir-1 OR Ir-2 OR 1Ir-3 OR Ir-4 OR Ir-5 OR
Ir-5v OR Ir-om OR Ir-tiv OR Ir-m OR Irl OR 1Ir2 OR Ir3 OR Ir4 OR Ir5 OR Ir5v OR
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Irtiv OR Irm OR lrom))) AND ( ( TITLE-ABS-KEY ( "computed tomograph*" OR ct))
OR ( TITLE-ABS-KEY (mri OR magnetic AND resonance OR mdct)) OR ( TITLE-
ABS-KEY (ceus OR contrast AND enhanced AND ultrasound ) )) AND ( LIMIT-TO (
PUBYEAR, 2022 ) OR LIMIT-TO (PUBYEAR, 2021 ) OR LIMIT-TO ( PUBYEAR ,
2020 ) OR LIMIT-TO ( PUBYEAR, 2019))

Updated Search

Embase ClassictEmbase <1947 to 2022 January 12>

Ovid MEDLINE(R) ALL <1946 to January 12, 2022>

EBM Reviews - Cochrane Central Register of Controlled Trials <December 2021>
Search Strategy:

1 (LI-RADS or LIRADS).tw,kw.kf. 1203

2 "liver imaging reporting and data system".tw,kw. 820

3 (LR-1 or LR-2 or LR-3 or LR-4 or LR-5 or LR-5V or LR-OM or LR-TIV or LR-M or
LR1 or LR2 or LR3 or LR4 or LR5 or LR5V or LRTIV or LRM or LROM).tw. 5129

4 lor2or3 5901

5 Radiology Information Systems/ 6755

6 Carcinoma, Hepatocellular/ or Cholangiocarcinoma/208970

7 (hepatocellular carcinoma* or hepatocellular neoplasm* or hepatocellular cancer or
hepatic cell carcinoma* or HCC or cholangiocarcinoma* or hepatic nodule* or liver lesion* or
adrenocortical carcinoma*).tw,kw,kf. 337880

8 Liver Neoplasms/dg 17086

9 exp Liver Diseases/dg or liver disease*.tw,kw,kf. 149105

10 Liver/dg 17189

11 liver imaging.tw,.kw. 3255

12 or/6-11527939

13 S5and 12 119

14 4 or 135943

15 Tomography, X-Ray Computed/ 482737

16 (computed tomograph* or CT).tw,kw. 1470658

17 Magnetic Resonance Imaging/ 1034374

18 (mri or magnetic resonance or MDCT).tw,kw kf. 1410630

19 Ultrasonography, Doppler, Color/ 23727

20 (CEUS or contrast enhanced ultrasound).tw,kw. 14883

21 or/15-20 3186872

22 14 and 21 1451

23 22 use medall 594

24 limit 23 to dt=20190912-20220113 302

25 (LI-RADS or LIRADS).tw. 1154

26 "Liver Imaging Reporting and Data System".af. 1013

27 (LR-1 or LR-2 or LR-3 or LR-4 or LR-5 or LR-5V or LR-OM or LR-TIV or LR-M or
LR1 or LR2 or LR3 or LR4 or LR5 or LR5V or LRTIV or LRM or LROM).tw. 5129

28 or/25-27 5931

29 computer assisted tomography/ 803640

30 (computed tomograph* or ct).tw. 1454231

31 nuclear magnetic resonance imaging/879332
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32 (MRI or magnetic resonance or mr imaging or MDCT).tw. 1391223
33 contrast-enhanced ultrasound/ 5671

34 (CEUS or contrast enhanced ultrasound).tw. 14486

35 or/29-34 3207013

36 28 and 35 1405

37 36 use emczd 858

38 limit 37 to dc=20190912-20220113 456

39 (LI-RADS or LIRADS).tw,kw. 1194
40 "liver imaging reporting and data system".tw,kw. 820
41 39 or 40 1273

42 (LR-1 or LR-2 or LR-3 or LR-4 or LR-5 or LR-5V or LR-OM or LR-TIV or LR-M or
LR1 or LR2 or LR3 or LR4 or LR5 or LR5V or LRTIV or LRM or LROM).tw. 5129
43 Radiology Information Systems/ 6755

44 42 or 43 11848
45 Carcinoma, Hepatocellular/ or Cholangiocarcinoma/208970
46 (hepatocellular carcinoma* or hepatocellular neoplasm* or hepatocellular cancer or

hepatic cell carcinoma* or HCC or cholangiocarcinoma* or hepatic nodule* or liver lesion* or
adrenocortical carcinoma*).tw,kw. 337332

47 Liver Neoplasms/ 186988

48 exp Liver Diseases/ or liver disease*.tw,kw. 1838214

49 Liver/ 1023574

50 liver imaging.tw,.kw. 3255

51 or/45-50 2670843

52 44 and 51 941

53 41 or 52 1663
54 53 usecctr 41
55 limit 54 to yr="2019 -Current" 12

56 24 or 38 or 55 770

Scopus — Jan 13, 2022

Search Strategy:

442 References

( (TITLE-ABS-KEY ( li-rads OR lirads ) ) OR ( TITLE-ABS-KEY ( "liver imaging reporting
and data system" ) ) OR ( TITLE-ABS-KEY (Ir-1 OR Ir-2 OR 1Ir-3 OR Ir-4 OR Ir-5 OR
Ir-5v OR Ir-om OR Ir-tiv OR Ir-m OR Irl OR 1Ir2 OR Ir3 OR Ir4 OR Ir5 OR Ir5v OR
Irtiv OR Irm OR lrom))) AND ( ( TITLE-ABS-KEY ( "computed tomograph*" OR ct))
OR ( TITLE-ABS-KEY (mri OR magnetic AND resonance OR mdct)) OR ( TITLE-
ABS-KEY (ceus OR contrast AND enhanced AND ultrasound ) ) ) AND ( LIMIT-TO (
PUBYEAR, 2022 ) OR LIMIT-TO (PUBYEAR, 2021 ) OR LIMIT-TO ( PUBYEAR ,
2020 ) OR LIMIT-TO ( PUBYEAR, 2019))
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Appendix 3.3. Data dictionary send to authors contributing individual participant data (IPD).
Data was originally collected for the previous IPD study (13). This shortened list of questions
were extracted from the original data and used for the purpose of this review.

Definition

Values

Dataset identifier assigned to dataset by Registry team to
each dataset

00001, 00002, 00003...

Primary observation identifier used in primary database

As recorded in primary database

Primary patient identifier used in primary database

As recorded in primary database

Patient's age, measured continuously

As recorded in primary database

Patient’s gender

0 = Female

1 = Male
Country where patient recruited. As recorded in primary database
What was the reference standard 0 = Biopsy

1 = Resection pathology
2 = Explant pathology
3 = Other (specify)

If the reference in the previous column was recorded as
“other,” please specify.

As recorded in primary database

Maximum diameter of the observation (mm)

As recorded in primary database

final diagnosis

0 =None

1=HCC

2 = Non-HCC malignancy (specify)
3 = Benign

4 = Other (specify)

If the final diagnosis in the previous column was
recorded as “other,” please specify.

As recorded in primary database

Histological differentiation

0 = Not applicable (not a tumor)

1 = Very well
2 =Well

3 = Moderately
4 = Poorly

Version of LI-RADS used

1 =CT/MR v2018
2=CT/MR v2017
3=CT/MR v2014
4 =CT/MR v2013
5=CEUS v2017
6 = CEUS v2016

Imaging Modality used 1=CT
2 =MRI
3=CT + MRI
4 =CEUS

CT Data

LI-RADS data

LI-RADS category 0=NC
1=1
2=2
3=3
4=4
5=5
6=M
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7=TIV

How was LI-RADS category assigned

0 = Prospective clinical radiology report

1 = Retrospective research read of clinical
exam

2 = Other (specify)

If the LI-RADS category assigned in the previous
column was recorded as “other,” please specify.

As recorded in primary database

Technical Parameters

Use of a delayed phase on CT

0 = without 3-minute delayed phase
1 => 3-minute delayed phase

Use of unenhanced phase on CT

0 = without unenhanced phase
1 = with unenhanced phase

Number of detectors on CT

As recorded in primary database

CT contrast generic name

As recorded in primary database

LI-RADS Major Features

CT Size (mm)

0=<10 mm

1 =10-19 mm
2 =220 mm
CT nonrim Arterial phase hyperenhancement (APHE) 0=No
1 =Yes
CT Nonperipheral “washout” 0=No
1 =Yes
CT Enhancing “capsule” 0=No
1 =Yes
CT Threshold growth LIRADS v2014-2017 0=No
1 =Yes
CT Threshold growth LIRADS v2018 0=No
1 =Yes
Ancillary Features
US visibility as discrete nodule 0 = Absent
1 = Present

2= Not evaluated
99= Not applicable (Ultrasound not

conducted)
Subthreshold growth 0 = Absent
1 = Present

2= Not evaluated
99= Not applicable (No previous
measurement of the mass)

Corona enhancement 0 = Absent

1 = Present

2= Not evaluated
Fat sparing in solid mass 0 = Absent

1 = Present

2= Not evaluated
Nonenhancing “capsule” 0 = Absent

1 = Present

2= Not evaluated
Nodule-in-nodule 0 = Absent

1 = Present
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2= Not evaluated

Mosaic architecture 0 = Absent

1 = Present

2= Not evaluated
Blood products in mass 0 = Absent

1 = Present

2= Not evaluated
Fat in mass, more than adjacent liver 0 = Absent

1 = Present

2= Not evaluated
Size stability > 2 years 0 = Absent

1 = Present

2= Not evaluated
99= Not applicable (No previous
measurement of the mass)

Size reduction

0 = Absent

1 = Present

2= Not evaluated

99= Not applicable (No previous
measurement of the mass)

Parallels blood pool 0 = Absent

1 = Present

2= Not evaluated
Undistorted vessels 0 = Absent

1 = Present

2= Not evaluated
Iron in mass, more than liver 0 = Absent

1 = Present

2= Not evaluated

MRI Data

LI-RADS data

LI-RADS category

Il
z
@
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How was LI-RADS category assigned

0 = Prospective clinical radiology report

1 = Retrospective research read of clinical
exam

2 = Other (specify)

If the LI-RADS category assigned in the previous
column was recorded as “other,” please specify.

As recorded in primary database

Technical Parameters

Type of agent used

0 = use of extracellular agent
1 = gadobenate without HBP
2 = gadobenate with HBP

3 = gadoxetate disodium
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MRI contrast generic name

As recorded in primary database

Amount administered of contrast agent

As recorded in primary database

Dilution of contrast agent

0 = Not diluted

1 = Diluted
MRI field strength 0=15T
1=30T

LI-RADS Major Features

MRI Size (mm)

0=<10 mm

1 =10-19 mm

2 =220 mm
MRI nonrim Arterial phase hyperenhancement (APHE) | 0 =No

1 =Yes
MRI Nonperipheral “washout” 0=No

1 =Yes
MRI Enhancing “capsule” 0=No

1 =Yes
MRI Threshold growth LIRADS v2014-2017 0=No

1 =Yes
MRI Threshold growth LIRADS v2018 0=No

1 =Yes
Ancillary Features
US visibility as discrete nodule 0 = Absent

1 = Present

2= Not evaluated
99= Not applicable (Ultrasound not

conducted)
Subthreshold growth 0 = Absent

1 = Present

2= Not evaluated

99= Not applicable (No previous

measurement of the mass)
Restricted diffusion 0 = Absent

1 = Present

2= Not evaluated
Mild-moderate T2 hyperintensity 0 = Absent

1 = Present

2= Not evaluated
Corona enhancement 0 = Absent

1 = Present

2= Not evaluated
Fat sparing in solid mass 0 = Absent

1 = Present

2= Not evaluated
Iron sparing in solid mass 0 = Absent

1 = Present

2= Not evaluated
Transitional phase hypointensity 0 = Absent

1 = Present

2= Not evaluated
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99= Not applicable (Hepatobiliary agent

not used)
Hepatobiliary phase hypointensity 0 = Absent
1 = Present

2= Not evaluated
99= Not applicable (Hepatobiliary agent

not used)
Nonenhancing “capsule” 0 = Absent

1 = Present

2= Not evaluated
Nodule-in-nodule 0 = Absent

1 = Present

2= Not evaluated
Mosaic architecture 0 = Absent

1 = Present

2= Not evaluated
Blood products in mass 0 = Absent

1 = Present

2= Not evaluated
Fat in mass, more than adjacent liver 0 = Absent

1 = Present

2= Not evaluated
Size stability > 2 years 0 = Absent

1 = Present

2= Not evaluated
99= Not applicable (No previous
measurement of the mass)

Size reduction

0 = Absent

1 = Present

2= Not evaluated

99= Not applicable (No previous
measurement of the mass)

Parallels blood pool 0 = Absent

1 = Present

2= Not evaluated
Undistorted vessels 0 = Absent

1 = Present

2= Not evaluated
Iron in mass, more than liver 0 = Absent

1 = Present

2= Not evaluated
Marked T2 hyperintensity 0 = Absent

1 = Present

2= Not evaluated
Hepatobiliary phase iso-intensity 0 = Absent

1 = Present

2= Not evaluated
99= Not applicable (Hepatobiliary agent
not used)

CEUS Data
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LI-RADS data

LI-RADS category
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How was LI-RADS category assigned

0 = Prospective clinical radiology report

1 = Retrospective research read of clinical
exam

2 = Other (specify)

If the LI-RADS category assigned in the previous
column was recorded as “other,” please specify.

As recorded in primary database

LI-RADS Major Features

CEUS Size (mm)

0=<10 mm

1=10-19 mm
2 =220 mm

CEUS Arterial phase hyperenhancement (APHE, not 0=No

rim, not peripheral discontinuous) 1 = not rim / not peripheral discontinuous
globular

2 = rim or peripheral discontinuous
globular

CEUS Nonperipheral “washout”

0 = no washout of any type
1 = late and mild washout
2 = early (< 60s) washout
3= marked washout

Ancillary Features

Definite growth

0 = Absent

1 = Present

2= Not evaluated

99= Not applicable (No previous
measurement of the mass)

Nodule-in-nodule architecture 0 = Absent

1 = Present

2= Not evaluated
Mosaic architecture 0 = Absent

1 = Present

2= Not evaluated
CEUS Size stability > 2 years 0 = Absent

1 = Present

2= Not evaluated
99= Not applicable (No previous
measurement of the mass)

CEUS Size reduction

0 = Absent

1 = Present

2= Not evaluated

99= Not applicable (No previous
measurement of the mass)
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Appendix 3.4. Modified QUADAS-2 signalling questions to determine the risk of bias and
applicability concerns of included studies. Signalling questions were applied from the previous

individual participant data (IPD) study (13).

Domain 1: Patient and observation selection
C. Risk of bias
Describe methods of patient and observation selection:

I.  Was a consecutive sample of patients, random sample of
patients, or all patients over a given time period enrolled?

II. Was a case-control design avoided?

1. Did the study avoid inappropriate exclusions? (e.g. If a
non-pathology-based reference standard was used, might it
have inappropriately excluded observations?)

IV. Could the selection of patients have introduced bias?
(Low= “yes” to all, otherwise refer to phase 2)

Could the selection of patients have introduced bias?

D. Concerns regarding applicability
Describe included patients and included observations (prior
testing, presentation, intended use of multiphase CT/MRI and
setting):
Is there concern that the included patients do not match the review
question?

Yes, no or unclear

Yes, no or unclear
Yes, no or unclear

Yes, no or unclear

Risk: low, high or unclear

Concern: low, high or unclear

Domain 2: Index test
CT
A. Risk of bias
Describe how multiphase contrast-enhanced CT was conducted and
interpreted
I.  Were the multiphase CT results interpreted without
knowledge of the results of the reference standard?
II. Were the multiphase CT results unlikely to be biased by
findings on other imaging exams?
III. Was a delayed phase consistently used? (delayed between
3-5 mins has increased sensitivity for washout)
IV. Was the index test interpreted by more than one radiologist
and were discrepancies resolved in an objective way?
Could the conduct or interpretation of the multiphase CT have
introduced bias? (Low= “yes” to all, otherwise refer to phase 2)

B. Concerns regarding applicability
Is there concern that the multiphase CT, its conduct, or
interpretation differ from the review question?
MRI
A. Risk of bias
Describe how multiphase contrast-enhanced MRI was conducted
and interpreted
I.  Were the MRI results interpreted without knowledge of the
results of the reference standard?
II. Were the MRI results unlikely to be biased by findings on
other imaging exams?

Yes, no or unclear
Yes, no or unclear

Yes, no or unclear

Yes, no or unclear

Risk: low, high or unclear

Concern: low, high or unclear

Yes, no or unclear

Yes, no or unclear
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CEUS

III. Was the index test interpreted by more than one radiologist
and were discrepancies resolved in an objective way?
Could the conduct or interpretation of the MRI have introduced
bias? (Low= “yes” to all, otherwise refer to phase 2)

Concerns regarding applicability
Is there concern that the MRI, its conduct, or interpretation differ
from the review question?

Risk of bias
Describe how contrast-enhanced US (CEUS) was conducted and
interpreted
I.  Were the CEUS results interpreted without knowledge of
the results of the reference standard?
II. Were the CEUS results unlikely to be biased by findings on
other imaging exams?
III. Did CEUS technical parameters meet the minimum
standard in LI-RADS?
IV. Was the index test interpreted by more than one radiologist
and were discrepancies resolved in an objective way?
Could the conduct or interpretation of the CEUS have introduced
bias? (Low= “yes” to all, otherwise refer to phase 2)

Concerns regarding applicability
Is there concern that the CEUS, its conduct, or interpretation differ
from the review question?

Yes, no or unclear

Risk: low, high or unclear

Concern: low, high or unclear

Yes, no or unclear
Yes, no or unclear
Yes, no or unclear

Yes, no or unclear

Risk: low, high or unclear

Concern: low, high or unclear

Domain 3: Reference standard

C.

Risk of bias
Describe the reference standard and how it was conducted and
interpreted
I.  Is the reference standard likely to correctly classify the
target condition at the observation level (particularly non-
pathology-based reference standards and also explant
reference standards — was the method of lesion matching
described and likely to be robust)?
II.  Were the reference standard results interpreted without
knowledge of the results of the CT, MRI or CEUS?
Could the reference standard, its conduct or interpretation have
introduced bias? (Low= “yes” to all, otherwise refer to phase 2)

Concerns regarding applicability
Is there concern that the target condition as defined by the reference
standard does not match the review question?

Yes, no or unclear

Yes, no or unclear

Risk: low, high or unclear

Concern: low, high or unclear

Domain 4: Flow and timing

A.

Risk of bias

Describe any patients who did not receive multiphase CT, MRI,
CEUS, and/or reference standard, or who were excluded from the 2
x 2 table (refer to flow diagram)
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Describe the time interval and any interventions between
multiphase CT, MRI, CEUS and reference standard
Describe any observations within included patients who were
excluded from the 2 x 2 table

L

IIL.

III.

Iv.
V.

VL

VIIL

Was there an appropriate interval between multiphase CT,
MRI or CEUS and reference standard?

Did all patients and observations receive a reference
standard?

Did patients and observations receive the same reference
standard?

Were all patients and observations included in the analysis?
Is there unlikely to be a selection bias from selection of
patients only with liver explanation

Is there unlikely to be verification bias from tissue
sampling of only a subset of observations?

Is there unlikely to be incorporation bias for studies
including LI-RADS 5 as a reference standard?

Could the patient and observation flow have introduced bias?
(Low= “yes” to all, otherwise refer to phase 2)

Yes, no or unclear
Yes, no or unclear
Yes, no or unclear

Yes, no or unclear
Yes, no or unclear

Yes, no or unclear

Yes, no or unclear

Risk: low, high or unclear
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Appendix 3.5. Reporting of CEUS ancillary features in included studies.

. Not reported/ | Percent | Studies
Ancillary Feature Absent | Present Not applicable | reported | reporting AF
Definite growth 0 0 185 28.0
Nodule-in-nodule 164 |21 0 100.0 | Hu, Makoyeva
architecture
Mosaic architecture 168 17 0 100.0 Hu, Makoyeva
CEUS size stability >2 years | 0 0 185 28.0
CEUS size reduction 0 0 185 28.0

Abbreviations- CEUS: contrast enhanced ultrasound
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Appendix 3.6. Multivariable analysis of each ancillary feature, adjusted for major features (except threshold growth), to determine the odds of HCC.

Association with

iso-intensity

. Enhancing capsule Size 10-19 mm Size > 20mm (95% Nonperipheral

Ancillary Feature (Based on OR (95% CI) o APHE (95% CI) o N
LIRADS v2018) (95% CI) (95% CI) (ol washout (95% CI)

US visibility as Mali 3.18 (1.77-5.73)* 6.39 2.72-15.04)* | 8.54 (5.60-13.03)* 1.23 (0.65-2.33 3.63 (1.82-7.23)* 3.24 (2.16-4.85)*
discrete nodule alignancy .18 (1.77-5.73) .39 (2.72-15.04) .54 (5.60-13.03) .23 (0.65-2.33) .63 (1.82-7.23) .24 (2.16-4.85)
Subthreshold growth | Malignancy 3.21 (1.26-8.17)* 3.65(1.24-10.78)* | 3.15 (1.39-7.16)* 3.02 (0.88-10.35) 3.65 (1.01-13.23)* 3.66 (1.68-7.94)*
Restricted diffusion Malignancy 3.18 (2.52-4.02)* 2.57 (1.95-3.40)* 3.66 (2.87-4.66)* 1.49 (1.07-2.07)* 1.64 (1.17-2.28)* 3.36 (2.67-4.24)*
Mild-moderate T2 . g . } . } . 3 . . . : .
Iuperintensity Malignancy 3.05 (2.39-3.89) 2.65 (2.02-3.49) 3.98 (3.13-5.06) 1.64 (1.18-2.28) 1.68 (1.20-2.35) 3.34 (2.67-4.19)
Corona enhancement | Malignancy 1.18 (0.75-1.87) 3.49 (2.57-4.74)* 5.76 (4.48-7.41)* 1.69 (1.22-2.35)* 2.52 (1.81-3.51)* 4.93 (3.90-6.24)*
fn ‘;i‘:p“”"”g in solid Malignancy 0.81 (0.44-1.49) 3.48 (2.57-4.73)* 5.92 (4.60-7.63)* 1.57 (1.12-2.20)* 2.37 (1.69-3.31)* 4.89 (3.85-6.21)*
Irfl Z’;Sp“””g insolid 1y palignancy 2.63 (1.30-5.31)* 3.17 (2.30-4.36)* 6.03 (4.57-7.97)* 1.95 (1.32-2.88)* 2.86 (1.94-4.20)* 4.77 (3.67-6.19)*
Z ZZ:;’I’;:S‘; phase Malignancy 2.08 (1.48-2.93)* 1.79 (1.28-2.49)* 4.85 (3.69-6.38)* 1.91 (1.26-2.88)* 1.88 (1.25-2.81)* 2.28 (1.70-3.07)*
ﬁo"l;‘ﬁﬁft’yy phase | \ralignancy 2.06 (1.42-3.00)* 1.93 (1.39-2.68)* 4.64 (3.54-6.08)* 2.00 (1.33-3.01)* 2.01 (1.35-3.00)* 2.72 (2.08-3.56)*
Growth (threshold | \p.ionancy 2.68 (1.42-5.07)* 2.84 (1.33-6.08)* 4.72 (2.55-8.73)* 1.83 (0.90-3.72) 2.52 (1.23-5.17)* 3.56 (1.95-6.50)*
subthreshold)
{Yg:;if’l‘e”?,"’"g HCC 3.50 (1.53-8.01)* 3.49 (2.44-4.97)* 6.73 (5.02-9.00)* 1.84 (1.27-2.68)* 2.49 (1.71-3.60)* 5.39 (4.08-7.12)*
Nodule-in-nodule HCC 2.15 (1.15-4.04)* 2.65 (2.01-3.49)* 4.32 (3.39-5.49)* 2.04 (1.47-2.82)* 2.34 (1.70-3.21)* 4.03 (3.20-5.07)*
Mosaic architecture | HCC 2.53 (1.58-4.04)* 3.14 (2.30-4.28)* 5.52 (4.29-7.09)* 1.72 (1.24-2.39)* 2.32 (1.66-3.23)* 4.82 (3.80-6.10)*
Zl;’idp roducts in HCC 1.28 (0.83-1.96) 2.83 (2.15-3.72)* 3.92 (3.07-5.01)* 2.07 (1.47-2.91)* 2.88 (2.06-4.03)* 3.97 (3.15-4.99)*
Fat in mass, more
than adjacont liver HCC 1.44 (1.03-2.01)* 2.85 (2.18-3.73)* 4.15 (3.29-5.23)* 1.75 (1.28-2.39)* 2.41 (1.77-3.28)* 3.80 (3.05-4.73)*
Size stability > 2 years | Benignity 0.45 (0.13-1.55) 3.62 (1.29-10.16)* | 4.84 (2.14-10.96)* 4.12 (0.97-17.54) 3.33 (0.78-14.23) 4.09 (1.88-8.87)*
Size reduction Benignity 0.28 (0.01-12.34) 3.39 (1.24-9.30)* 3.74 (1.74-8.06)* 5.43 (1.78-16.54)* | 5.91 (1.89-18.55)* 5.87 (2.92-11.82)*
Parallels blood pool | Benignity 0.07 (0.01-0.49)* 2.40 (1.66-3.47)* 7.06 (5.13-9.73)* 2.79 (1.85-4.22)* 4.61 (3.04-6.97)* 5.81 (4.26-7.92)*
Undistorted vessels Benignity 0.90 (0.30-2.68) 2.45 (1.70-3.53)* 6.85 (5.00-9.40)* 2.83 (1.88-4.26)* 4.63 (3.08-6.98)* 5.98 (4.41-8.12)*
ﬁ;‘;’; ’;l?v’:r“‘“’ more Benignity 0.27 (0.07-1.11) 2.17 (1.49-3.15)* 6.92 (5.01-9.56)* 2.36 (1.54-3.63)* 3.94 (2.59-5.99)* 5.77 (4.19-7.95)*
Marked T2 ..
Iyperimiensity Benignity 0.18 (0.07-0.45)* 2.33 (1.62-3.36)* 7.69 (5.67-10.43)* 2.52 (1.72-3.69)* 4.08 (2.75-6.03)* 5.09 (3.80-6.83)*
Hepatobiliary phase | g 1o niey 0.46 (0.27-0.80)* 2.68 (1.81-3.99)* 8.11 (6.01-10.95)* 1.89 (1.22-2.92)* 1.92 (1.24-2.96)* 4.06 (3.03-5.43)*

*Significant association (p<0.05); Abbreviations- APHE: arterial phase hyperenhancement; HCC: hepatocellular carcinoma; US: ultrasound; CI:

confidence interval
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Appendix 3.7. Multivariable analysis of each ancillary feature, adjusted for major features (except threshold growth), to determine the odds of

malignancy.

Association with

Enhancing capsule

Size 10-19 mm

Nonperipheral

Ancillary Feature 9;3;?; on LIRADS | OR (95% CI) (95% CI) APHE (95% CI) (95% CI) Size > 20mm (95% CI) washout (95% CI)
}%i;’;gbﬂ”y as discrete Malignancy 2.09 (0.83-5.26) 16.04 (2.04-125.93)* ;gz%(*&”' 213 (1.03-4.43)* | 12.71 (5.37-30.12)* 2.89 (1.66-5.02)*
Subthreshold growth Malignancy 5.03 (1.64-15.46)* | 4.79 (1.23-18.57)* 2.07 (0.89-4.84) 2.99 (0.92-9.72) 8.16 (2.29-29.02)* 2.88 (1.27-6.50)*
Restricted diffusion Malignancy 14.45 (9.82-21.27)* | 2.56 (1.78-3.70)* 3.81 (2.20-6.60)* | 1.51 (0.98-2.32) 5.30 (3.33-8.43)* 2.21 (1.51-3.22)*
%Zﬁrj”‘l‘t’j’fﬁ;@ n Malignancy 10.18 (7.17-14.44)* | 3.57 (2.10-6.06)* 2.88 (2.02-4.12)* | 1.65 (1.08-2.51)* 4.84 (3.06-7.65)* 2.50 (1.74-3.58)*
Corona enhancement Malignancy 4.89 (1.71-14.01)* | 4.07 (2.45-6.76)* 3.52 (2.51-4.93)* | 1.67 (1.12-2.49)* 6.69 (4.34-10.31)* 3.46 (2.46-4.86)*
Fat sparing in solid mass | Malignancy 0.79 (0.30-2.09) 4.38 (2.60-7.39)* 373 (2.62-532)* | 1.50(0.98-2.30) 6.61 (4.17-10.47)* 3.31 (2.30-4.75)*
Iron sparing in solid mass | Malignancy 2.69 (0.52-13.92) | 3.61 (1.90-6.88)* 4.42 (2.78-7.02)* | 2.09 (1.18-3.68)* 9.49 (5.20-17.32)* 3.78 (2.33-6.14)*
Z ZZ;;?:%;lyphase Malignancy 2.28 (1.45-3.59)* | 3.22 (1.52-6.81)* 8.32 (5.62-12.31)* | 2.68 (1.68-4.30)* 25.35 (14.54-44.22)* 2.10 (1.35-3.28)*
ﬁ;fz l; Zi?g phase Malignancy 3.15(1.95-5.07)* | 3.11 (1.59-6.08)* 7.46 (5.11-10.90)* | 2.79 (1.76-4.45)* 23.88 (13.86-41.13)* 2.40 (1.63-3.55)*
Growth (threshold + Malignancy 4.36 (1.87-10.17)* | 6.62 (1.83-10.17)* 1.00 (0.50-2.01) 0.38 (0.17-0.83)* 0.66 (0.27-1.58) 2.63 (1.29-5.39)*
subthreshold)

Nonenhancing “capsule” | HCC 2.06 (0.61-6.91) 4.74 (2.56-8.78)* 4.34 (2.91-6.48)* | 1.44(0.91-2.29) 8.43 (5.00-14.21)* 3.31 (2.20-4.98)*
Nodule-in-nodule HCC 1.43 (0.46-4.43) 4.13 (2.48-6.87)* 3.34 (2.38-4.69)* | 1.77 (1.18-2.64)* 8.19 (5.29-12.68)* 3.41 (2.42-4.80)*
Mosaic architecture HCC 3.26 (1.25-8.51)* | 3.89 (2.32-6.52)* 3.35(2.38-4.71)* | 1.71 (1.14-2.56)* 6.78 (4.36-10.54)* 3.37 (2.39-4.76)*
Blood products in mass HCC 2.31(0.81-6.57) 3.62 (2.04-6.45)* 3.22 (2.15-4.83)* | 2.12 (1.31-3.45)* 9.74 (5.79-16.38)* 4.32 (2.85-6.54)*
Fat in mass, more than HCC 0.71 (0.42-1.19) 4.25 (2.54-7.08)* 3.42 (2.43-4.82)* | 1.77 (1.18-2.66)* 8.26 (5.32-12.83)* 3.59 (2.53-5.10)*
adjacent liver

Size stability > 2 years Benignity 0.63 (0.18-2.14) 4.45 (1.21-16.34)* 3.30 (1.45-7.54)* | 470 (1.25-17.69)* | 8.18 (2.09-32.09)* 3.33 (1.46-7.62)*
Size reduction Benignity 0.17 (0.003-10.75) | 3.81 (1.10-13.21)* 2.54 (1.12-5.75)* | 6.07 (1.98-18.55)* | 13.50 (4.17-43.77)* 4.88 (2.29-10.40)*
Parallels blood pool Benignity 0.02 (0.002-0.24)* | 4.32 (2.33-8.00)* 4.08 (2.62-6.34)* | 2.02 (1.21-3.38)* 7.98 (4.53-14.05)* 4.67 (2.98-7.32)*
Undistorted vessels Benignity 0.72 (0.17-3.12) 4.40 (2.44-7.94)* 371 (2.43-5.64)* | 2.01 (1.22-3.29)* 7.40 (4.32-12.68)* 4.77 (3.11-7.31)*
Z;’e’; in mass, more than Benignity 0.07 (0.01-0.44)* 4.66 (2.42-8.98)* 4.10 (2.56-6.57)* | 1.56 (0.88-2.76) 5.84 (3.18-10.73)* 4.39 (2.68-7.19)*
Marked T2 hyperintensity | Benignity 0.06 (0.02-0.19)* | 4.54 (2.61-7.91)* 4.41 (3.02-6.43)* | 1.87 (1.21-2.91)* 7.19 (4.39-11.77)* 3.46 (2.37-5.06)*
gjfg;;’”"a’y phase iso- Benignity 0.16 (0.08-0.30)* | 3.22 (1.63-6.36)* 8.97 (6.05-13.30)* | 2.69 (1.67-4.33)* 17.95 (10.40-30.99)* 2.65 (1.79-3.92)*

*Significant association (p<0.05); Abbreviations- APHE: arterial phase hyperenhancement; HCC: hepatocellular carcinoma; US: ultrasound; CI:

confidence interval
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Appendix 3.8. Results from the secondary analysis

The presence or absence of TG was reported in four studies, with an average reporting
rate of 21.5% (Range: 5.8%-73.8%) for each AF (Appendix 3.9). The results of the secondary
analysis (with TG included as a major feature) are provided in (Appendices 3.9-3.11). AFs were
assessed independently with the number of observations, patients and the studies included in
each model indicated in appendix 3.9. The heterogeneity within each random effects model is
presented in appendix 3.12. All models had highly variable I? values due to the limited sample
size.

Transitional phase hypointensity and hepatobiliary phase hypointensity could not be
evaluated due to a lack of studies. Of the remaining seven AFs favoring malignancy in general,
only subthreshold growth (OR: 11.92 [95% CI=1.43-99.60]), restricted diffusion (OR: 4.03 [95%
CI=1.42-11.46]) and mild-moderate T2 hyperintensity (OR: 3.42 [95% CI=1.44-8.13]) were
associated with increased odds of malignancy. Subthreshold growth (OR: 8.85 [95% CI=1.78-
43.99]) and iron sparing in solid mass (OR: 5.77 [95% CI=1.05-31.80]) were significantly
associated with increased odds of HCC.

Of the five AFs favoring HCC in particular, none were independently associated with
HCC or malignancy. Hepatobiliary phase iso-intensity and parallels blood pool could not be
evaluated due to a lack of studies and positive observations respectively. Of the remaining five
AFs favoring benignity, none showed a significant association with benignity, HCC or
malignancy.

In the secondary analysis the average positivity rates were as follows: 27.0% (range,
1.6%-59.6%) for AFs favoring malignancy in general; 9.2% (range, 1.3%-15.9%) for AFs
favoring HCC in particular; and 4.5% (range, 0%-11.8%) for AFs favoring benignity.
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Appendix 3.9. Multivariable analysis of each ancillary feature, adjusted for major features (APHE, size, nonperipheral washout, enhancing capsule

and threshold growth) to determine the odds of HCC and malignancy.

Association HeCe Malignancy
with Observations HCC Malignant Positive % of % of
Feature (Based on (Patients observations | observations | Data points Study patients patients
" N o o (1,3 sources | reporting | OR (95%CI) reporting | OR (95%CI)
LIRADS Studies) n(%) n(%) n(%) threshold threshold
v2018)
growth growth
US visibility as . 1.83 (0.31-
discrete nodule Malignancy | 52 (52,2) 39 (75.0) 45 (86.5) 31 (59.6) (22),(39) | 5.8 10.60) 6.4 0.95(0.13-7.10)
Subthreshold . (27), (22), 8.85 (1.78- 11.92 (1.43-
rowth Malignancy | 184 (155,3) 134 (72.8) 147 (79.9) 46 (25.0) (39) 68.9 43.99)* 68.9 99.60)*
Restricted . (27), (22), i ) "
diffission Malignancy | 285 (251,4) 183 (64.2) 243 (85.3) 106 (37.2) (23). (39) 10.1 0.99 (0.50-1.98) | 10.5 4.03 (1.42-11.46)
Mild-moderate 27), (22)
172 Malignancy | 308 (261,4) 199 (64.6) 260 (84.4) 156 (50.7) ’ > 1 10.5 1.07 (0.58-1.99) | 10.8 3.42 (1.44-8.13)*
hyperintensity (23), 39)
Corona . 27, (22), 8.52e+06 (0.00-
enhancement Malignancy | 312 (265,4) 201 (64.4) 264 (84.6) 5(1.6) (23). (39) 10.6 0.65 (0.05-8.17) | 11.0 Inf)
Fat sparing in . (27), (22), i i
solid mass Malignancy | 234 (218,4) 141 (60.3) 201 (85.9) 14 (6.0) (23). (39) 8.4 0.85(0.23-3.16) | 8.7 0.47 (0.08-2.85)
Iron sparing in . (27), (22), 5.77 (1.05- )
solid mass Malignancy | 208 (201,4) 126 (60.6) 186 (89.4) 19 (9.1) (23). (39) 8.4 31.80)* 8.8 1.86 (0.34-10.28)
Transitional
phase Malignancy | --- (---,0) --- --- --- --- --- --- --- ---
hypointensity
Hepatobiliary
phase Malignancy | --- (---,0) --- --- --- --- --- --- --- ---
hypointensity
Nonenhancing 2.59 (0.30-
“capsule” HCC 102 (102,2) 51 (50.0) 100 (98.0) 12 (1.8) (23),(39) | 4.2 22.39) 4.2 1.57e-32 (0.00-Inf)
nN(ij‘lf"”' HCC 312(2654) | 201 (644) | 264(84.6) | 4(1.3) gg gég 105 111'1%7“06 (0-00- 1 145 fﬁ%s‘”% (0.00-
Mosaic (27), (22), 2.48 (0.49- 1.90e+07 (0.00-
architecture HCC 312 (265,4) 201 (64.4) 264 (84.6) 28 (9.0) (23). (39) 10.6 12.49) 11.0 Inf)
Blood products (27), (22), i i
in mass HCC 308 (261,4) 199 (64.6) 260 (84.4) 25 (8.1) (23). (39) 10.7 1.13 (0.36-3.53) | 11.1 0.83 (0.17-4.05)
Fat in mass, 27, (22)
more than HCC 308 (261,4) 199 (64.6) 260 (84.4) 49 (15.91) (23)’ (39)’ 10.1 1.05(0.42-2.63) | 10.4 0.47 (0.16-1.41)
adjacent liver )
gﬁig;fb’l”y ” | Benignity | 186 (161,3) | 139 (74.7) 152 (81.7) | 22(11.8) 8;% 22), 1 738 0.35(0.10-1.24) | 73.8 0.45 (0.12-1.67)
Size reduction Benignity 216 (177,3) 159 (73.6) 173 (80.1) 3(1.4) 8;3’ (22), 62.1 0.24 (0.01-4.40) | 62.1 0.15(0.01-3.96)
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Parallels blood L (27), (22), No positive No positive
pool Benignity 312 (265,4) 201 (64.4) 264 (84.6) 0 (0) (23). (39) 12.7 observations 12.7 observations
Undistorted L (27), (22), i i
vessels Benignity 312 (265,4) 201 (64.4) 264 (84.6) 20 (6.4) (23). (39) 12.7 1.20 (0.29-4.97) | 12.7 1.31 (0.20-8.75)
Iron in mass, . (22), (23), 3.07e-07 (0.00- ) i
more than liver Benignity 193 (193,3) 114 (59.1) 173 (89.6) 1(0.5) (39) 9.3 Inf) 93 7.39e-09 (0.00-Inf)
Marked T2 L (27), (22), i i
hyperintensity Benignity 308 (261,4) 199 (64.6) 260 (84.4) 22 (7.1) (23). (39) 12.4 0.49 (0.15-1.62) | 12.4 0.34 (0.08-1.41)
Hepatobiliary

phase iso- Benignity - (---,0) - - - - - - - -

intensity

*Significant association (p<0.05); Abbreviations- APHE: arterial phase hyperenhancement; HCC: hepatocellular carcinoma; US: ultrasound; CI:
confidence interval
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Appendix 3.10. Multivariable analysis of each ancillary feature, adjusted for all major features (APHE, size, nonperipheral washout, enhancing

capsule and threshold growth), to determine the odds of HCC.

Association

with Enhancing . g . o Nonperipheral Threshold
Ancillary Feature (Based on OR (95% CI) capsule (95% APHE (95% CI) (S;?, /10(})9 mm %1Iz)e 220mm (95% washout (95% Growth (95%

LIRADS CI) ° CI) CI)

v2018)
US visibility as . 5.82(0.70- " "
Dt Malignancy | 1.83 (031-10.60) | j% ) 5.95 (1.08-32.69)* | 5.48¢-07 (0.00-Inf) | 8.22¢-08 (0.00-Inf) | 9.80 (1.35-71.19)* | 0.79 (0.10-6.11)
Subthreshold growth | Malignancy | 8.85 (1.78-43.99)* | 2.85 (0.93-8.75) | 2.97 (1.20-7.39)* | 2.71 (0.68-10.75) 1.72 (0.40-7.37) 4.03 (1.50-10.84)* | 0.86 (0.26-2.82)
Restricted diffusion | Malignancy | 0.99 (0.50-1.98) | 2.15(0.96-4.78) | 5.86 (2.98-11.52)* | 1.92 (0.87-4.25) 2.26 (1.04-4.88)* | 3.29 (1.57-6.89)* | 1.46(0.65-3.32)
Mild-moderate T2 . ) 2.35 (1.07- ) % ) % ) % ) % )
Inperintensity Malignancy | 1.07(0.58-1.99) | g7 6.02 (3.12-11.61)* | 2.42 (1.13-5.18) 2.58 (1.22-5.46) 3.26 (1.62-6.58)* | 1.59 (0.74-3.44)

. 2.33 (1.07-
Corona enhancement | Malignancy | 0.65 (0.05-8.17) | 5'{) 5.98 (3.13-11.43)* | 2.40 (1.12-5.34)* 2.54 (1.21-5.34)* | 3.43 (1.71-6.88)* | 1.59 (0.73-3.43)
fn ‘;i‘:p“”"”g insolid | \ralignancy | 0.85(0.23-3.16) | 2.20 (0.97-4.97) | 6.61 (3.24-13.47)* | 2.41 (0.98-5.92) 2.07 (0.94-4.56) 2.73 (1.23-6.08)* | 1.34 (0.57-3.18)
Irfl Z’;Sp“””g insolid |\t lignancy | 5.77 (1.05-31.80)* | 2.20 (0.96-5.06) | 7.22 (3.41-15.29)% | 1.54 (0.56-4.24) 1.28 (0.55-2.97) 2.51 (1.07-5.93)* | 1.18 (0.47-2.93)
Transitional phase .
hypointensity Malignancy | --- o o o o o o
Hepatobiliary phase .
hypointensity Malignancy | --- - - - - - -
{YE;’;?LZ‘;?Ci"g HCC 2.59(0.30-22.39) | 1.05(0.26-4.31) | 23.35(6.13-88.96)* | 0.26 (0.03-2.04) 3.77(0.46-31.14) | 1.67 (0.42-6.60) | 1.51 (0.33-7.00)
Nodule-in-nodule HCC 111‘1%7“06 (0.00- ;.gg)(*l.os- 5.88 (3.08-11.23)* | 2.39 (1.12-5.12)* 2,57 (1.23-5.39)% | 3.35(1.67-6.72)* | 1.62(0.75-3.48)
Mosaic architecture | HCC 248 (0.49-12.49) | 2.17 (0.98-4.81) | 5.70 (2.97-10.94)* | 2.51 (1.17-5.38)* 2,51 (1.19-5.30)* | 3.38 (1.68-6.79)* | 1.55(0.71-3.36)
Zl;’idp roducts in HCC 1.13 (0.36-3.53) g'i’g)(f'%' 5.96 (3.10-11.46)* | 2.43 (1.12-5.27)* 2.60 (1.23-5.49)* 3.27 (1.62-6.59)* | 1.60 (0.74-3.45)
Fat in mass, more 2.36 (1.08- 3 % ) % ) % ) % )
han adjacont frvor | HCC 105(042:263) | I'{7 5.94 (3.08-11.47)* | 2.41 (1.12-5.15) 2.59 (1.23-5.46) 3.25 (1.61-6.54)* | 1.60 (0.74-3.44)
iiijmb””y >2 Benignity | 0.35(0.10-1.24) ‘1’6328()1;10' 6.33 (2.48-16.15)* | 4.05 (0.79-20.73) 1.77 (0.35-9.00) 3.39 (1.31-8.83)* | 1.36(0.49-3.79)
Size reduction Benignity | 0.24 (0.01-4.40) g.gg)(*l.zs- 4.11 (1.82-9.28)* | 3.57 (1.08-11.76)* | 2.32 (0.69-7.82) 3.82 (1.66-8.78)* | 1.29 (0.53-3.16)
. No positive 2.34 (1.07-

Parallels blood pool | Benignity | POVl 512+ 5.96 (3.12-11.40)* | 2.41 (1.13-5.16)* 2.55(1.22-5.36)* | 3.44 (1.72-6.91)* | 1.60 (0.74-3.45)
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2.31 (1.05-

Undistorted vessels | Benignity | 120(0294.97) | Tyers 5.95 (3.12-11.38)* | 2.38 (1.11-5.12)* 2.53 (1.20-5.33)* | 3.44 (1.71-6.90)* | 1.62 (0.75-3.50)
fron in mass, more Benignity | >-07¢-07 (0.00- 2.14(0.90-5.10) | 8.29 (3.81-18.06)* | 2.14 (0.74-6.19) 1.76 (0.76-4.05) 2.12 (0.89-5.02) 1.18 (0.44-3.18)
than liver Inf)

Marked T2 .o 2.46 (1.12- _ * _ * - * - *

hyperintensity Benignity | 049 (015-1.62) | < 6.03 (3.13-11.61)* | 2.49 (1.16-5.35) 2.83 (1.32-6.09) 3.21 (1.59-6.47)* | 1.55(0.72-3.34)
Hepatobiliary phase Benignity . . . . — — —

iso-intensity

*Significant association (p<0.05); Abbreviations- APHE: arterial phase hyperenhancement; HCC: hepatocellular carcinoma; US: ultrasound; CI:

confidence interval
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Appendix 3.11. Multivariable analysis of each ancillary feature, adjusted for all major features (APHE, size, nonperipheral washout, enhancing
capsule and threshold growth), to determine the odds of malignancy.

Association

. . . . Nonperipheral
. with (Based on o Enhancing o Size 10-19 mm Size > 20mm (95% o Threshold Growth
Ancillary Feature LIRADS OR (95% CI) capsule (95% CI) APHE (95% CI) (95% CI) I vcvil)shout (95% (95% CI)
v2018)
US visibility as . 1.51e+08 (0.00- 3.89¢-09 (0.00-
) Malignancy 0.95 (0.13-7.10) ) 0.88(0.12-620) | - 1.01¢-08 (0.00-Inf) | 2.26 (0.23-22.59) | 0.36 (0.03-3.70)
Subthreshold Malignancy 11.92 (1.43- 3.31(0.80-13.65) | 1.79 (0.65-4.89) | 2.52(0.64-9.99) | 3.78 (0.84-17.02) 4.08 (1.32-12.59)* | 1.01 (0.25-4.03)
growth 99.60)*
5;;;’; il.‘;’}fd Malignancy 4.03 (1.42-11.46)* | 4.29 (1.08-16.95)* | 1.50 (0.62-3.61) | 0.25(0.09-0.72)* | 0.21 (0.07-0.67)* 4.73 (1.64-13.66)* | 1.32(0.41-4.24)
Mild-moderate T2 .
P Malignancy 3.42 (1.44-8.13)* | 4.77 (1.15-19.81)* | 1.30(0.53-3.18) | 0.49 (0.18-1.37) | 0.36 (0.12-1.08) 4.50 (1.62-12.46)* | 2.07 (0.65-6.63)
yperintensity
Corona . 8.52¢+06 (0.00- _ % _ % )
ot Malignancy I 4.78 (1.23-18.50)* | 1.08 (0.47-2.47) | 0.45(0.17-1.17) | 0.45 (0.16-1.25) 3.93 (1.53-10.12)* | 2.11(0.70-6.37)
i}“g ;?i,‘,’;”;’ig in Malignancy 0.47 (0.08-2.85) 4.48 (1.02-19.68)* | 1.23 (0.44-3.44) | 0.31(0.09-1.12) | 0.18 (0.05-0.67)* 3.99 (1.14-14.02)* | 1.54(0.39-6.10)
fron sparing in Malignancy 1.86 (0.34-10.28) | 3.92(0.97-15.83) | 1.73 (0.60-4.97) | %04 (0.004- 0.03 (0.003-0.24)* 2.83(0.79-10.19) | 1.41 (0.35-5.74)
solid mass 0.33)*
Transitional phase .
hypointensity Malignancy - - - - - - -
Hepatobiliary
phase Malignancy -—- -—- -—- -—- -—- -—- -—-
hypointensity
Nonenhancing 3.78e+30 (0.00- 7.60e-04 (0.00-
capsule” HCC 1.57e-32 (0.00-Inf) | 0.12 (0.00-Inf) Inf) I 1.28 (0.00-Inf) 0.34 (0.00-Inf) 0.63 (0.00-Inf)
. 3.35¢+06 (0.00-
Nodule-in-nodule | HCC I 4.81 (1.23-18.76)* | 1.06 (0.46-2.44) | 0.43(0.16-1.12) | 0.43 (0.15-1.19) 3.73 (1.43-9.72)* | 2.08 (0.69-6.29)
Mosaic 1.90e+07 (0.00- _ % g * )
ot HCC Inf) 4.40 (1.12-17.34)* | 1.00 (0.44-2.30) | 0.45(0.17-1.18) | 0.40 (0.14-1.13) 3.84 (1.48-9.98) 1.96 (0.64-5.99)
f;l’;’;‘gdpmd“m | Hee 0.83 (0.17-4.05) 5.04 (1.27-19.99)* | 1.15(0.50-2.66) | 0.42(0.16-1.12) | 0.38 (0.14-1.09) 3.98 (1.52-10.39)* | 2.12 (0.69-6.48)
Fat in mass, more " %
than adjacent liver | HCC 0.47 (0.16-1.41) 5.16 (1.31-20.36)* | 1.25(0.53-2.93) | 0.39(0.15-1.05) | 0.37 (0.13-1.07) 4.33 (1.63-11.53)* | 2.20 (0.71-6.81)
iiijmb”’"y >2 | Benignity 0.45 (0.12-1.67) 4.21 (1.04-17.08)* | 3.60 (1.33-9.78)* | 3.99 (0.80-19.90) | 3.67 (0.71-18.98) 3.58 (1.25-10.28)* | 1.29 (0.42-3.99)
Size reduction Benignity 0.15 (0.01-3.96) 4.59 (1.19-17.78)* | 2.65 (1.08-6.53)* ‘1"26‘1'8()1,;09' 4.34 (1.21-15.51)* 3.84 (1.48-9.96)* | 1.53(0.54-4.32)
Parallels blood Lo No positive % %
ool Benignity obsorvations 4.77 (1.23-18.58)* | 1.08 (0.47-2.48) | 0.43(0.17-1.13) | 0.42 (0.15-1.18) 3.90 (1.51-10.11)* | 2.05 (0.68-6.22)
Undistorted ..
Dossels Benignity 1.31 (0.20-8.75) 4.69 (1.20-18.34)* | 1.08 (0.47-2.48) | 0.42(0.16-1.12) | 0.42 (0.15-1.17) 3.88 (1.50-10.07)* | 2.09 (0.68-6.36)
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Iron in mass, more

phase iso-intensity

o 0.04 (0.005-

than liver Benignity 7.39¢-09 (0.00-Inf) | 5.18(0.99-26.99) | 1.33 (0.43-4.08) 0.37)(* 0.04 (0.004-0.32)* 2.63(0.69-10.07) | 1.18(0.22-6.31)
Marked T2 - " .

hyperintensity Benignity 0.34(0.08-1.41) | 5.46 (1.37-21.76)* | 1.13(0.49-2.61) | 0.47(0.18-1.23) | 0.45(0.16-1.31) 3.84 (1.47-10.00)* | 2.01 (0.66-6.15)
Hepatobiliary Benignity

*Significant association (p<0.05); Abbreviations- APHE: arterial phase hyperenhancement; HCC: hepatocellular carcinoma; US: ultrasound; CI:
confidence interval
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Appendix 3.12. The within study (I?) and between study-variance (tau?) in each random effects
model, after adjusting for all major features.

Ancillary Feature Hee Malignancy

I? [%(95%C1)] Tau? | I? [%(95%CI)] | Tau?
US visibility as discrete nodule 0.0 0 0.0 0
Subthreshold growth 0.0 (0.0-89.6) 0 0.0 (0.0-89.6) 0
Restricted diffusion 86.4 (66.8-94.4) 0.302 | 0.0(0.0-84.7) 2.344
Mild-moderate T2 hyperintensity 86.4 (67.0-94.4) 0.287 0.0 (0.0-84.7) 2.376
Corona enhancement 86.3 (66.5-94.4) 0.282 | 0.0 (0.0-84.7) 2.331
Fat sparing in solid mass 80.8 (49.6-92.7) 0.228 |21.1(0.0-87.9) |2.831
Iron sparing in solid mass 82.7 (55.7-93.3) 0.349 | 0.0 (0.0-84.7) 1.883
Transitional phase hypointensity -—- -—- -—- -—-
Hepatobiliary phase hypointensity -—- -—- -—- -—-
Nonenhancing “capsule” 85.5(41.5-96.4) 0.468 | 0.0 4.251
Nodule-in-nodule 86.3 (66.5-94.4) 0.282 | 0.0 (0.0-84.7) 2.331
Mosaic architecture 86.3 (66.5-94.4) 0.282 | 0.0 (0.0-84.7) 2.331
Blood products in mass 86.4 (67.0-94.4) 0.287 0.0 (0.0-84.7) 2.376
Fat in mass, more than adjacent liver | 86.4 (67.0-94.4) 0.287 0.0 (0.0-84.7) 2.376
Size stability > 2 years 29.4 (0.0-92.7) 0.015 | 0.0(0.0-89.6) 0
Size reduction 0.0 (0.0-89.6) 0 0.0 (0.0-89.6) 0
Parallels blood pool 86.3 (66.5-94.4) 0.282 | 0.0 (0.0-84.7) 2.331
Undistorted vessels 86.3 (66.5-94.4) 0.282 1 0.0 (0.0-84.7) 2.331
Iron in mass, more than liver 86.5(61.2-95.3) 0.322 | 0.0 (0.0-89.6) 3.27
Marked T2 hyperintensity 86.4 (67.0-94.4) 0.287 0.0 (0.0-84.7) 2.376
Hepatobiliary phase iso-intensity -—- -—- -—- -—-

Abbreviations- US: ultrasound
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