Portfolio of Evidence

Table of contents
Introduction ...................................................................................................................... 2
Diagnostic performance of LiverMultiScan with liver biopsy as a reference.......... 3
Studies showing that LiverMultiScan can predict clinical outcomes ...................... 11
Interventional studies using LiverMultiScan as a biomarker for histological change
.......................................................................................................................................... 13
Health economic studies of LiverMultiScan ...............................................................16
Studies validating LiverMultiScan technology ........................................................... 19
Other LiverMultiScan studies in reverse chronological order................................. 23
Copyright notice ............................................................................................................ 27

LiverMultiScan Portfolio of Evidence
MKT0272 v2.1

LiverMultiScan® Portfolio of Evidence
Introduction
This document presents existing key publications providing the evidence base for
Perspectum’s LiverMultiScan.

MKT0272 v2.1

info@perspectum.com| www.perspectum.com | U.S.: (+1) 833 875 0862 | U.K.: (+44) 1865 655012

Page 2 of 27

LiverMultiScan® Portfolio of Evidence
Diagnostic performance of LiverMultiScan with liver biopsy as a reference
1. Andersson, A., et al. (2021). Clinical utility of MRI biomarkers for identifying NASH
patients at high risk of progression: A multi-center pooled data and meta-analysis.
Clinical Gastroenterology and Hepatology. Advance online publication.
https://doi.org/10.1016/j.cgh.2021.09.041

Summary of conclusion: The paper described the suitability of quantitative MRI-derived
biomarkers cT1 and liver fat in the identification of patients with NASH. The biomarker
cT1 was shown to be a better non-invasive technology compared to liver fat when
identifying those patients with NASH who were at greatest risk of disease progression.
Thus, the authors demonstrated that MRI cT1 and liver fat could have important clinical
utility to help guide appropriate use of interventions in NAFLD and NASH clinical care
pathways.
Results shown in Figure 1 and Table 1 below are adapted from Figure 2 in Andersson
et al., 2021.
B

cT1 (ms)

PDFF (%)

A

Fibrosis CRN score

Fibrosis CRN score

Figure 1 – A) Correlation between PDFF (%) and fibrosis CRN score was weak (rs = 0.15; p < .001), and
showed a nonlinear relationship with a decrease at higher fibrosis stages, indicated by the absence of a
significant difference in PDFF between fibrosis stages F0 and F4 or F1 and F3. B) Correlation between cT1
(ms) and fibrosis CRN score was significant moderate (rs = 0.50; p < .001), with significant differences in
cT1 between each of the fibrosis stages. PDFF – proton density fat fraction, cT1 – iron-corrected T1, CRN
score- Clinical Research Network score.
Table 1 – Diagnostic performance, AUROC (95% CI), for cT1, PDFF and the combination of cT1 and PDFF
to identify NASH and NASH with fibrosis (high-risk NASH). AUROC – area under the receiver operating
characteristic (ROC) curve. CI – confidence intervals.

Copyright: This is an open access article distributed under the Creative Commons NC License which
permits non-commercial use and distribution. The content presented here has been adapted to enable
distribution for commercial purposes. The lead author of this publication is employed by Perspectum Ltd.
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Diagnostic performance of LiverMultiScan with liver biopsy as a reference
2. Beyer, C., et al. (2021). Comparison between magnetic resonance and ultrasound-

derived indicators of hepatic steatosis in a pooled NAFLD cohort. Plos One, 16 (4),
e0249491. https://doi.org/10.1371/journal.pone.0249491

Summary of conclusion: LMS-IDEAL was able to diagnose individuals accurately
across the spectrum of histological steatosis grades. CAP performed well in identifying
individuals with lower levels of fat (steatosis grade ≥ 1); however, its diagnostic
performance was inferior to LMS-IDEAL for higher levels of fat (steatosis grades ≥ 2 and
≥ 3).
Results shown in Figure 2 and Table 2 below are adapted from Figure 2 and Table 2
respectively in Beyer et al., 2021. LiverMultiScan PDFF method has been referred to as
LMS-IDEAL.

Figure 2 – Box plots showing the minimum, median, maximum values, and interquartile ranges (IQR) for
LiverMultiScan – PDFF (LMS-IDEAL) and FibroScan CAP versus corresponding steatosis scores. Left)
LiverMultiScan – PDFF versus against steatosis CRN scores showed significant pairwise differences
between all steatosis grades (*** p < .001). Right) CAP versus steatosis CRN score showed weak pairwise
differences between grades 1 and 2, and 2 and 3 (* p < .05).
Table 2 – Diagnostic performance characteristics of LMS-IDEAL and CAP for identifying different
steatosis grades in n=451 biopsy-LiverMultiScan paired NAFLD patients. AUROC - area under the receiver
operator characteristic curve, CI - confidence intervals.

Copyright: This is an open access article distributed under the Creative Commons Attribution License which
permits unrestricted use and distribution. The lead author of this publication is employed by Perspectum
Ltd.
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Diagnostic performance of LiverMultiScan with liver biopsy as a reference
3. Imajo, K., et al. (2021). Quantitative multiparametric MRI can aid NASH diagnosis

in a Japanese cohort. World Journal of Gastroenterology, 27 (7), 609–623.
https://doi.org/10.3748/wjg.v27.i7.609
Summary of conclusion: Quantitative multiparametric MRI could be used as an
effective alternative to liver biopsy in the diagnosis of NASH and non-alcoholic fatty
liver, thereby offering a potential clinical utility in the management of patients.
Results shown in Figure 3 and Table 3 below are adapted from Figure 3 and Figure 4 in
Imajo et al., 2021.

LiverMultiScan
FibroScan
MRE
SWE

cT1 + PDFF = 0.83 (0.76-0.90)
LSM + CAP = 0.71 (0.66-0.80)
Stiffness = 0.57 (0.47-0.67)
Stiffness = 0.58 (0.45-0.71)

Figure 3 – Receiver operator characteristic (ROC) curves for discriminating those with non-alcoholic
steatohepatitis (NAS ≥ 4 and ballooning ≥ 1 and inflammation ≥ 1) from those without in 144 patients with
biopsy-confirmed NAFLD. Area under the ROC curve and confidence intervals are displayed in the
legend for each non-invasive measure (imaging test, corresponding biomarker(s)). cT1 –iron-corrected T1,
PDFF - proton density fat fraction, LSM - liver stiffness measure, CAP - controlled-attenuation parameter,
MRE - Magnetic resonance elastography, SWE - Shear wave elastography.

Table 3 – Diagnostic performance characteristics of LiverMultiScan (cT1 + PDFF), FibroScan (LSM + CAP),
MRE (Stiffness) and SWE (Stiffness). AUROC - area under the receiver operator characteristic curve, CI confidence intervals.

Copyright: This is an open access article distributed under the Creative Commons NC License which
permits non-commercial use and distribution. The content presented here has been adapted to enable
distribution for commercial purposes. The lead author of this publication works in collaboration with
Perspectum Ltd.
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4. Dennis, A., et al. (2021). Correlations between MRI biomarkers PDFF and cT1 with
histopathological features of non-alcoholic steatohepatitis. Frontiers in
Endocrinology, 11, 575843. https://doi.org/10.3389/fendo.2020.575843

Summary of conclusion: The correlations between cT1 and PDFF with the
histopathological hallmarks of NASH demonstrate the potential utility of both cT1 and
PDFF as noninvasive biomarkers to detect a pharmacodynamic change in NASH, with
cT1 showing superiority for detecting changes in inflammation and fibrosis, rather than
liver fat alone.
Results shown in Figure 4 are from Figure 3 in Dennis et al., 2021.

Figure 4 – Box plots showing relationships between cT1 and PDFF with NAS (top row) and fibrosis
(bottom row). Graphs indicated that cT1 and PDFF were both strongly correlated with all features of the
biopsy-based NAFLD activity score (n=264). cT1 was strongly correlated with fibrosis, but PDFF was not.
cT1 – iron-corrected cT1, PDFF – proton density fat fraction.

Copyright: This is an open access article distributed under the Creative Commons Attribution License which
permits unrestricted use and distribution. The lead author of this publication is employed by Perspectum
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Diagnostic performance of LiverMultiScan with liver biopsy as a reference
5. Dennis, A., et al. (2020). A composite biomarker using multiparametric magnetic

resonance imaging and blood analytes accurately identifies patients with nonalcoholic steatohepatitis and significant fibrosis. Scientific Reports, 10 (1), 15308.
https://doi.org/10.1038/s41598-020-71995-8
Summary of conclusion: Results showed that levels of cT1, AST, GGT, and fasting
glucose were all good predictors of NAS ≥ 4 and F ≥ 2, and the model identified the
combination of cT1-AST-fasting glucose (cTAG) as far superior to any individual
biomarker (AUC 0.90 [0.84–0.97]). This highlights the potential utility of the composite
cTAG score for screening patients prior to biopsy to identify those suitable for NASH
clinical trial enrolment.
Results shown in Figure 5 and Table 4 are from Figure 4 in Dennis et al., 2020.

Figure 5 – Receiver operator characteristic (ROC) curves and AUROC (95% CI) for distinguishing NAS ≥
4 and F ≥ 2. (a–h) Diagnostic performance of the individual biomarkers and (i) of the composite cTAG
score (n = 86 patients). NAS – NAFLD activity score. F - Fibrosis stage. ALT - alanine transaminase, AST aspartate aminotransferase, GGT - gamma-glutamyl transferase.
Table 4 – Area under the receiver operating characteristic curves (AUROC) with 95% confidence intervals
(CI) for distinguishing NAS ≥ 4 and F ≥ 2 in n = 86 patients. AST - aspartate aminotransferase.

Copyright: This is an open access article distributed under the Creative Commons Attribution 4.0 License
which permits unrestricted use and distribution. The lead author of this publication is employed by
Perspectum Ltd.
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6. Pavlides, M., et al. (2017). Multiparametric magnetic resonance imaging for the
assessment of non-alcoholic fatty liver disease severity. Liver International, 37 (7),
1065–1073. https://doi.org/10.1111/liv.13284

Summary of conclusion: Multiparametric magnetic resonance is a promising technique
with good diagnostic accuracy for non-alcoholic fatty liver disease histological
parameters, and can potentially identify patients with non-alcoholic steatohepatitis and
cirrhosis.
Results in Figure 6 below are adapted from Figure 3B from Pavlides et al., 2017, but
show cT1 (ms) versus ballooning grade.

Figure 6 – LiverMultiScan cT1 (ms) score for the evaluation of ballooning. cT1 values 811 ms, 920 ms and
1004 ms could differentiate ballooning grades 0, 1 and 2 respectively (* = p < .05, ** = p < .01, **** = p <
.0001). Lines and error bars indicate the median and interquartile range on all graphs1.

1.

Note that the original figure in Pavlides et al., 2017 showed cT1 values reported as liver inflammation and
fibrosis (LIF) scores.

Copyright: This is an open access article distributed under the Creative Commons Attribution 4.0 License
which permits unrestricted use and distribution. The lead author of this publication works in collaboration
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7. McDonald, N., et al. (2018). Multiparametric magnetic resonance imaging for

quantitation of liver disease: a two-centre cross-sectional observational study.
Scientific Reports, 8 (9187), 1–10. https://doi.org/10.1038/s41598-018-27560-5
Summary of conclusion: LiverMultiScan is an emerging point-of-care diagnostic tool
that is comparable with the established non-invasive tests for assessment of liver
fibrosis, whilst at the same time offering a superior technical success rate and
contemporaneous measurement of liver steatosis and iron accumulation.
Results shown in Table 5 and Figure 7 and are taken from Table 4 and Figure 2
respectively in McDonald et al., 2018.
Table 5 – Diagnostic accuracy of multiparametric MRI, ELF and TE in detecting clinically significant liver
disease, with and without post-liver transplant patients included.

Figure 7 – Multivariable analysis of inflammation and fibrosis. Plotted values are arithmetic means for cT1
and ELF score, and geometric means for TE, with the error bars representing 95% confidence intervals.
Only one patient had no/minimal inflammation and a modified Ishak score (MIS) of 0, hence this point was
excluded from the plots.

Copyright: This is an open access article distributed under the Creative Commons Attribution 4.0 License
which permits unrestricted use and distribution. The lead author of this publication works in collaboration
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8. Banerjee, R., et al. (2014). Multiparametric magnetic resonance for the non-

invasive diagnosis of liver disease. Journal of Hepatology, 60 (1), 69–77.
https://doi.org/10.1016/j.jhep.2013.09.002
Summary of conclusion: The paper describes a novel scanning method with high
diagnostic accuracy for the assessment of liver fibrosis, steatosis and hemosiderosis
which could potentially replace liver biopsy for many indications. The authors
demonstrated, for the first time, a non-invasive test to differentiate early stages of
fibrosis from normal liver.
Results shown in Figure 8 below are based on Figure 2 and supplementary Figure 4 in
Banerjee et al., 2014.

Figure 8 – A) cT1 values in 77 patients and 7 healthy volunteers (HV - presumed with no fibrosis) plotted
against their biopsy proven fibrosis stage (F1-6). Iron-corrected T1 (cT1) correlated with the degree of
fibrosis in all subjects (rs = 0.68, p <0.0001, 95% CI 0.54–0.78). Mean ± SD cT1 for each group was as
follows: healthy volunteers = 717 ± 48 ms, no fibrosis = 750 ± 42 ms (those two are grouped as ‘‘Normal
liver’’), mild fibrosis = 870 ± 104 ms, moderate fibrosis = 873 ± 63 ms, and severe fibrosis = 1025 ± 102 ms.
ANOVA with Bonferroni’s correction showed significant differences (***) between all groups apart from
mild vs. moderate fibrosis, n.s. – not significant; B) Receiver operator characteristic curve (ROC) for iron
corrected T1 (cT1) measurements for diagnosing the presence of any fibrosis (F≥1). The MR data of healthy
volunteers are included in the analysis. AUROC is 0.94 (95% CI 0.89 – 0.99).

Copyright: This is an open access article distributed under the Creative Commons NC License which
permits non-commercial use and distribution. The content presented here has been adapted to enable
distribution for commercial purposes. The lead author of this publication is employed by Perspectum Ltd.
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Studies showing that LiverMultiScan can predict clinical outcomes
9. Jayaswal, A., et al. (2020). Prognostic value of multiparametric magnetic
resonance imaging, transient elastography and blood-based fibrosis markers in
patients with chronic liver disease. Liver International. 40 (12), 3071-3082.
https://doi.org/10.1111/liv.14625

Summary of conclusion: The study provided further evidence that liver cT1, TE and
serum-based biomarkers can predict clinical outcomes, but when taking into account
technical failure/unreliability, TE cut-offs perform worse than those of cT1 and blood
biomarkers.
Results shown in Figure 9 below are based on Figure 2 in Jayaswal et al., 2020.

Figure 9 – Kaplan-Meier plots for survival of clinical events stratified by liver cT1. Plots show (A) survival
from all-cause mortality, (B) event-free survival, each stratified by liver cT1 > 825 ms, (C) event-free
survival stratified by cT1 > 840 ms and (D) event-free survival stratified by cT1 groups ( < 840 ms, 840-990
ms and > 990 ms) in n = 182 patients with chronic liver disease. P values for differences between survival
curves were generated by the log-rank test.

Copyright: This is an open access article distributed under the Creative Commons Attribution 4.0
License which permits unrestricted use and distribution. The lead author of this publication was
employed by Perspectum Ltd at the time of writing.
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Studies showing that LiverMultiScan can predict clinical outcomes
10. Pavlides, M., et al. (2016). Multiparametric magnetic resonance imaging predicts
clinical outcomes in patients with chronic liver disease. Journal of Hepatology, 64
(2), 308–315. https://doi.org/10.1016/j.jhep.2015.10.009

Summary of conclusion: Noninvasive standardised multiparametric MR technology
may be used to predict clinical outcomes in patients with chronic liver disease.
Results shown in Figure 10 below are based on Figure 3 in Pavlides et al., 2016, with
patients stratified according to their cT1 (ms).

Figure 10 – Kaplan–Meier curves for liver related event free survival with patients (n=112, median followup period = 27 months) stratified according to cT1 (ms). A) In the entire cohort there were significant
differences between those with cT1 ≥ 890 ms vs. cT1 < 760 ms (p = 0.02) and vs. cT1: 760 to 824.99 ms (p
= 0.003). There was a strong trend towards significance between cT1: 825 to 889.99 ms vs. cT1 760 to
824.99 ms (p = 0.054). B) Including only compensated patients at baseline there was a significant
difference between cT1 ≥ 890 ms vs. cT1: 760 to 824.99 ms (p = 0.023) and a strong trend towards
significance between cT1: 825 to 889.99 ms vs. cT1: 760 to 824.99 ms (p = 0.058) 2.
2.

Note that the original figure in Pavlides et al., 2016 showed cT1 values reported as liver inflammation and fibrosis (LIF) scores,
which have since been converted to standardized cT1 values.

Copyright: This is an open access article distributed under the Creative Commons Attribution License
which permits unrestricted use and distribution. The lead author of this publication works in collaboration
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Interventional studies using LiverMultiScan as a biomarker for histological
change
11. Harrison, S.A., et al. (2021). Safety, Tolerability, and Biologic Activity of AXA1125
and AXA1957 in Subjects With Non-alcoholic Fatty Liver Disease. The American
Journal
of
Gastroenterology,
116
(12),
2399.
https://doi.org/10.14309%2Fajg.0000000000001375

Summary of conclusion: Both endogenous metabolic modulators AXA1125 and
AXA1957 showed multitargeted activity on relevant NAFLD pathways. Over 16 weeks,
it was found that AXA1125 showed the greatest activity, thus warranting continued
clinical investigation in subjects with non-alcoholic steatohepatitis.
Results shown in Figure 11 below are adapted from Figure 4 in Harrison et al., 2021.

Figure 11 – Changes in cT1 between Day 1 (baseline), week 8 and week 16, p < 0.05 vs placebo, in n = 102
presumed NASH patients (including 40 patients with T2D). Left) LiverMultiScan cT1 images at two time
points for AXA1125 24 g b.i.d., AXA1957 20.3 g b.i.d., and placebo. Right) Change in cT1 values. b.i.d. twice a day; isoN - isonitrogenous; isocal – isocaloric.

Copyright: This is an open access article distributed under the Creative Commons NC License which
permits non-commercial use and distribution. The content presented here has been adapted to enable
distribution for commercial purposes. The lead author of this publication works in collaboration with
Perspectum Ltd and has granted permission for use of this content.
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change
12. Harrison, S. A. et al., (2020). NGM282 improves liver fibrosis and histology in 12
weeks in patients with non-alcoholic steatohepatitis. Journal of Hepatology, 71 (4),
1198–1212. https://doi.org/10.1002/hep.30590

Summary of conclusion: NGM282, which is an engineered analogue of fibroblast
growth factor 19, improved the histological features of NASH in 12 weeks with significant
reductions in NAS and fibrosis scores, and improvements in noninvasive imaging and
serum markers.
Results shown in Figure 12 below are from Figure 3 in Harrison et al., 2020.

Figure 12 – Imaging and histology outcome measures. (A) Change in cT1 (ms) values from baseline (BL) at
week 12 (W12), B) NAS score at baseline and week 12 for 2 treatment doses (1mg and 3mg). C)
Representative LiverMultiScan images showing cT1 change over 12 weeks. Shown are mean ± SEM; P
values by one-sample t test.

Copyright: This is an open access article distributed under the Creative Commons NC License which
permits non-commercial use and distribution. The content presented here has been adapted to enable
distribution for commercial purposes. The lead author of this publication works in collaboration with
Perspectum Ltd and has granted permission for use of this content.
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Interventional studies using LiverMultiScan as a biomarker for histological
change
13. Harrison, S., et al. (2018). Utility and variability of three non-invasive liver fibrosis

imaging modalities to evaluate efficacy of GR-MD-02 in subjects with NASH and
bridging fibrosis during a phase-2 controlled study. PloS One, 13 (9), e0203054.
https://doi.org/10.1371/journal.pone.0203054
Summary of conclusion: 8 mg/kg of GR-MD-02 had no significant effect on noninvasive
biomarkers of liver inflammation or fibrosis over a 4-month period. Histological
confirmation was not available in this study. The high reproducibility of the primary
outcome measure suggests that cT1 could be utilized for monitoring longitudinal
change in patients with NASH.
Results shown in Figure 13 below are taken from Figure 3 in Harrison et al., 2018, which
showed that examination of repeatability of the cT1, MRE and LSM revealed coefficient
of variations of 3.1%, 11%, and 40% respectively.

Figure 13 – Top) Before and after plots for all subjects (placebo represented by the grey dotted lines) for
cT1, MRE and LSM. Error bars representing the overall SD across both groups. Bottom) Box plots
representing difference between treatment groups in change in cT1, MRE and LSM. Examination of
repeatability of the cT1, MRE and LSM revealed coefficient of variations of 3.1%, 11%, and 40% respectively.
cT1 – iron-corrected T1; MRE – magnetic resonance elastography; LSM – liver stiffness measure using
shear-wave ultrasonic elastography.

Copyright: This is an open access article distributed under the Creative Commons Attribution 4.0 License
which permits unrestricted use and distribution. The lead author of this publication works in collaboration
with Perspectum Ltd and has granted permission for use of this content.
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14. Tonev, D., et al. (2020). The effect of multiparametric magnetic resonance

imaging in standard of care for non-alcoholic fatty liver disease: Protocol for a
randomised control trial. JMIR Research Protocols. 9 (10), e19189.
https://doi.org/10.2196/19189
Summary of conclusion: This randomized controlled trial will provide the evidence to
accelerate decision making regarding the inclusion of mpMRI-based tools in existing
NAFLD/NASH clinical care. RADIcAL1 is among the first and largest European health
economic studies of imaging technologies for fatty liver disease. Strengths of the trial
include a high-quality research design and an in-depth assessment of the
implementation of the cost-effectiveness of the mpMRI diagnostic. If effective, the trial
may highlight the health economic burden on tertiary-referral hepatology clinics
imposed by unnecessary consultations and invasive diagnostic investigations, and
demonstrate that including LiverMultiScan as a NAFLD diagnostic test may be costeffective compared to liver related hospital consultations or liver biopsies.
Result shown in Figure 14 are taken from Figure 2 in Tonev et al., 2020.

Figure 14 – Sample reports that demonstrate the information that can be derived from the use of mpMRI
to aid as a diagnostic tool for clinicians, highlighting the differences between a healthy patient with low
cT1 and a patient with suspected non-alcoholic fatty liver disease (NAFLD) and high cT1. PDFF - proton
density fat fraction.

Copyright: This is an open access article distributed under the Creative Commons Attribution License
which permits unrestricted use and distribution. The lead author of this publication is employed by
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Health economic studies of LiverMultiScan
15. Eddowes, P., et al. (2017). Utility and cost evaluation of multiparametric magnetic
resonance imaging for the assessment of non-alcoholic fatty liver disease.
Alimentary
Pharmacology
&
Therapeutics,
47
(5),
631–644.
https://doi.org/10.1111/apt.14469

Summary of conclusion: Multiparametric MRI accurately identified patients with
steatosis, stratifies those with NASH or simple steatosis, and reliably excludes clinically
significant liver disease with superior negative predictive value (83.3%) to liver stiffness
(42.9%) and ELF (57.1%). For the risk stratification of NAFLD, multiparametric MRI was
cost-effective and, combined with transient elastography, had the lowest cost per
correct diagnosis.
Results shown in Table 6 below are from Table 8 in Eddowes et al., 2017.
Table 6 – Sensitivity, specificity, positive predictive value, and negative predictive value at commonly
accepted cut-off values for the differentiation of low and high-risk patients. LS - liver stiffness; PPV positive predictive value; NPV - negative predictive value. a Patients with simple steatosis and ≤ F1 fibrosis.
b
Patients with either NASH or > F1 fibrosis.

Copyright: This is an open access article distributed under the Wiley Online Library Terms of Use which
permits use and distribution of this content. The lead author of this publication works in collaboration with
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Health economic studies of LiverMultiScan
16. Blake, L., et al. (2016). Decision analytic model of the diagnostic pathways for

patients with suspected non-alcoholic fatty liver disease using non-invasive transient
elastography and multiparametric magnetic resonance imaging. BMJ Open, 6 (9),
e010507. http://dx.doi.org/10.1136/bmjopen-2015-010507
Summary of conclusion: In the diagnostic pathway of NAFLD, the inclusion of
multiparametric MRI, either as an adjunct to or replacement for transient elastography,
could lead to cost savings for the NHS, provided the model presumptions are
maintained. The authors highlighted that further high-quality clinical evidence and cost
data would be required to test the model’s predictions.
Results shown in Table 7 below are adapted from Table 3 and Table 4 in Blake et al.,
2016 which show an illustrative range of failure rates for transient elastography and
multiparametric MRI, with the estimated breakeven cost of multiparametric MRI when
used as an adjunct to or replacement for transient elastography.
Table 7 – Break-even costs of multiparametric MRI when used as an adjunct to or a replacement of
transient elastography.

Copyright: This is an open access article distributed under the Creative Commons NC License which
permits non-commercial use and distribution. The content presented here has been adapted to enable
distribution for commercial purposes. The lead author of this publication works in collaboration with
Perspectum Ltd.
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Studies validating LiverMultiScan technology
17. Bachtiar, V., et al. (2019). Repeatability and reproducibility of multiparametric
magnetic resonance imaging of the liver. PloS One, 14 (4), e0214921.
https://doi.org/10.1371/journal.pone.0214921

Summary of conclusion: The study demonstrated that multiparametric MRI is a
noninvasive, repeatable, and reproducible method for quantifying liver tissue
characteristics across manufacturers (Philips and Siemens) and field strengths (1.5T and
3T).
Results shown in Figure 15 below are from Figure 4 in Bachtiar et al., 2017.

Figure 15 – Repeatability (top row) and reproducibility (bottom row) of human multiparametric MRI
measurements. Bland-Altman plots from human measurements across manufacturer and field strength for
(a and d) cT1, (b and e) T2, and (c and f) PDFF.

Copyright: This is an open access article distributed under the Creative Commons Attribution License which
permits unrestricted use and distribution. The lead author of this publication was employed by Perspectum
Ltd at the time of writing.
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Studies validating LiverMultiScan technology
18. Triay Bagur, A., et al. (2019). Magnitude-intrinsic water–fat ambiguity can be

resolved with multipeak fat modeling and a multipoint search method. Magnetic
Resonance in Medicine, 82 (1), 460–475. https://doi.org/10.1002/mrm.27728

Summary of conclusion: A magnitude-based reconstruction, MAGO (MAGnitude-Only),
could resolve the water-fat ambiguity over the entire fat fraction dynamic range without
compromising accuracy. The authors demonstrated how MAGO therefore could enable
robust estimation of proton density fat fraction (PDFF) where phase data is inaccessible
or unreliable and complex-based hybrid methods fail.
Results for Magnitude-Only (MAGO) shown in Figure 16 below.

Figure 16 – Results of MAGO applied on publicly available phantom data from Hernando et al. (2017)
MRM. Reported values of MAGO PDFF from the phantom vials were plotted against ground truth
concentrations for each site (1 to 6), field strength (1.5 T and 3 T), and protocol (1 and 2). MAGO was able
to resolve the magnitude-intrinsic water–fat ambiguity using magnitude images alone (note the vial
containing 100% PDFF), and excellent reproducibility was observed across sites (manufacturers),
protocols, and field strengths.

Copyright: This is an open access article distributed under the Creative Commons NC License which
permits non-commercial use and distribution. The content presented here has been adapted to enable
distribution for commercial purposes. The lead author of this publication is employed by Perspectum Ltd.
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Studies validating LiverMultiScan technology
19. Hutton, C., et al. (2018). Validation of a standardized method for liver fat and T2*

quantification.
PloS
One,
https://doi.org/10.1371/journal.pone.0204175

13

(9),

e0204175.

Summary of conclusion: The development and clinical validation of the LMS IDEAL
algorithm as a chemical shift-encoded MRI method for PDFF and T2* estimation
contributes towards robust, unbiased applications for quantification of hepatic steatosis
and iron overload, which are key features of chronic liver disease.
Results shown in Figure 17 below are from Figure 2 in Hutton et al., 2018.

Figure 17 – LMS IDEAL PDFF plotted against expected oil/water concentrations. The linear regression
results were in excellent agreement between LMS IDEAL PDFF and Reference PDFF, with a small
reduction in either the r2 or increase in deviation of slope from 1, or intercept from 0 for LMS IDEAL PDFF.
For example, for LMS IDEAL PDFF and Reference PDFF respectively, mean r2 = 0.998 and 0.999; mean
slope = 0.970 and 0.995; mean absolute intercept = 0.72, and 0.26.

Copyright: This is an open access article distributed under the Creative Commons Attribution License which
permits unrestricted use and distribution. The lead author of this publication is employed by Perspectum
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Studies validating LiverMultiScan technology
20. Tunnicliffe, E.M., et al. (2017). A model for hepatic fibrosis: the competing effects
of cell loss and iron on shortened modified Look-Locker inversion recovery T1
(shMOLLI-T1) in the liver. Journal of Magnetic Resonance Imaging, 45 (2), 450–462.
https://doi.org/10.1002/jmri.25392

Summary of conclusion: Use of this multicompartment model of the liver with BlochMcConnell simulation should enable compensation of iron effects when using shMOLLIT1 to assess fibrosis.
Results shown in Figure 18 are from Figure 5 in Tunnicliffe et al., 2017.

Figure 18 – (a,b) show the relationship between ECF(shMOLLI-T1) and ECF(shMOLLI-T1; T2*) and fibrosis
assessed by Ishak score. (c) shows the correlation of T1 with Ishak score, (d) demonstrates the impact of
applying the algorithm shown in Figure 2 (Tunnicliffe et al., 2017) to calculate cT1, an iron compensated
ShMOLLI-T1, from the simulated ShMOLLI-T1.

Copyright: This is an open access article distributed under the Wiley Online Library Terms of Use which
permits use and distribution of this content. The lead author of this publication worked in collaboration
with Perspectum Ltd at the time of writing.
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Other LiverMultiScan studies in reverse chronological order
21. McKay, A., et al. (2021). Patient understanding and experience of non-invasive imaging
diagnostic techniques and the liver patient pathway. Journal of PatientReported Outcomes. 5 (1), 89. https://doi.org/10.1186/s41687-021-00363-5
First-of-its-kind study of 101 participants affected by liver disease who received LiverMultiScan® followed
by a structured interview showed that visual reports of liver test results developed an increased
understanding of liver disease care. This may have contributed to a more positive experience overall and
could potentially improve patient-reported outcomes, patient engagement and adherence to treatment.
22. Janowski, K., et al. (2021). Quantitative multiparametric MRI as a non-invasive

stratification tool in children and adolescents with autoimmune liver disease.
Scientific Reports. 11, 15261. https://doi.org/10.1038/s41598-021-94754-9

Study of 68 children (aged 6 to 18) with AIH (54) and ASC (14) who had LiverMultiScan, MRCP+, biopsy and
liver function (blood enzyme) tests, showed that biliary tree metrics from MRCP+ could provide good
discrimination between different types of AILD, and that although cT1 was not significantly different
between those with AIH and those with ASC, it has utility for characterization and monitoring of
parenchymal disease. The study showed that MRCP+ can be used to help stratify paediatric AILD and
LiverMultiScan can help with characterization and monitoring of parenchymal disease.
23. Amerikanou, C., et al. (2021). Effect of Mastiha supplementation on NAFLD: The

MAST4HEALTH Randomised, Controlled Trial. Molecular Nutrition & Food Research,
65 (10), e2001178. https://doi.org/10.1002/mnfr.202001178

LiverMultiScan’s cT1 was the primary outcome measure in a multicenter, randomized, double blinded,
placebo-controlled clinical trial (n=98) on the effect of Mastiha on liver inflammation and fibrosis. Reduction
in cT1 in the Mastiha group after 6 months was observed in severely obese patients only (BMI > 35 kg/m2).
No significant change observed in cT1 in placebo group.
24. Harrison, S., et al. (2021). Prospective evaluation of the prevalence of non-alcoholic

fatty liver disease and steatohepatitis in a large middle-aged US cohort.
Journal
of
Hepatology,
S0168-8278 (21)
00176-8. https://
doi.org/10.1016/j.jhep.2021.02.034
In a study of asymptomatic middle-aged Americans, the prevalence of NAFLD determined by
LiverMultiScan PDFF was 38% and the prevalence of NASH defined by biopsy was 14%, with associated
factors for presence of NASH being race, obesity, and diabetes. This study shows that LiverMultiScan is
well-positioned to identify the high percentage of individuals with NASH in the USA.

25. Roca-Fernandez, A., et al. (2021). Hepatic steatosis rather than underlying obesity

increases risk of infection and hospitalization for COVID-19. Frontiers in Medicine
Gastroenterology, 8, 636637. https://doi.org/10.1016/j.jhep.2021.02.034

Study of 4,458 people from the UK Biobank population showed that obese people with liver fat above
healthy levels were 5 times more likely to require hospitalisation for COVID-19, indicating that high BMI in
combination with high liver fat are risk factors for severe COVID-19. This study highlights how
LiverMultiScan can be used to identify high risk COVID-19 patients and has potential to help guide public
policies, clinical decisions, and lifestyle interventions.
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26. Arndtz, K., et al. (2021). Multiparametric MRI imaging, autoimmune hepatitis, and
prediction of disease activity. Hepatology Communications, 5 (6), 1009–1020.
https://doi.org/10.1002/hep4.1687
Study of 62 patients with AIH who had baseline and follow-up LiverMultiScan, showed that failure to
maintain disease remission was associated with significant increases in cT1 but not liver stiffness (using
FibroScan) or ELF blood test. Furthermore, baseline cT1, but not liver stiffness or ELF, was a significant
predictor of future loss of biochemical remission demonstrating the potential for LiverMultiScan to
contribute to risk stratification of patients with AIH.
27. Jayaswal, A., et al. (2020). Liver cT1 decreases following direct-acting antiviral

therapy in patients with chronic hepatitis C virus. Abdominal Radiology, 46 (5), 1947–
1957. https://doi.org/10.1007/s00261-020-02860-5

This study shows a decrease in liver cT1 in patients with chronic hepatitis C virus (HCV) undergoing
successful direct-acting antiviral therapy. The fast reduction in cT1 suggests a reduction in inflammation
rather than regression of fibrosis and demonstrates the potential for LiverMultiScan to be used as a
monitoring biomarker.
28. Alenaini, W., et al. (2020). Ethnic Differences in body fat deposition and liver fat

content in two UK-based cohorts.
https://doi.org/10.1002/oby.22948

Obesity.

28

(11),

2142–2152.

This study of two independent UK-based cohorts, showed a limited number of ethnic differences in the
distribution of body fat depots associated with metabolic disease suggesting that alternative mechanisms
should be investigated. LiverMultiScan® was used to measure proton density fat fraction in the UK Biobank
cohort.
29. Janowski, K., et al. (2020). Multiparametric MRI as a non-invasive monitoring tool

for children with autoimmune hepatitis. Journal of Pediatric Gastroenterology and
Nutrition, 72 (1), 108–114. https://doi.org/10.1097/MPG.0000000000002930
In a study of 60 pediatric patients with autoimmune hepatitis (AIH), versus 21 healthy controls,
LiverMultiScan’s cT1 was shown to correlate with blood markers of disease severity and was able to
identify patients with active disease despite having normal biochemistry. This demonstrates the utility of
cT1 as a non-invasive technique to aid monitoring of AIH.
30. Teo, K., et al. (2020). rs641738C>T near MBOAT7 is associated with liver fat, ALT

and fibrosis in NAFLD: A meta-analysis. Journal of Hepatology, 74 (1), 20–30.
https://doi.org/10.1016/j.jhep.2020.08.027
Participants from UK Biobank and LiverMultiScan fat measurements were included in this meta-analysis of
more than 42 studies, which confirmed that a common genetic variant is a risk factor for presence and
severity of NAFLD in individuals of European descent.
31. Schaapman, J. J., et al. (2020). Multiparametric MRI in patients with non-alcoholic

fatty liver disease. Journal of Magnetic Resonance Imaging, 53 (6), 1623–1631.
https://doi.org/10.1002/jmri.27292

This review contains the first European guidance on using multiparametric MRI, including cT1®, to assess
the risk of liver fibrosis and inflammation in patients suspected of NAFLD, suggesting how improve clinical
management and treatment monitoring can be improved.
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32. Thomaides-Brears, H. B., et al. (2020). Multiparametric MR mapping in clinical

decision-making for diffuse liver disease. Abdominal Radiology, 45 (11), 3507–3522.
https://doi.org/10.1007/s00261-020-02684-3

This review of techniques for clinical decision making in diffuse liver disease highlights the advantages of
LiverMultiScan’s cT1 with superior NASH diagnostic ability compared with MRE which requires additional
hardware and is confounded by even mild iron overload and inflammation, and DWI which currently lacks
standardisation.
33. Dillman, J, R., et al. (2020). Comparison of liver T1 relaxation times without and

with iron correction in pediatric autoimmune liver disease. Pediatric Radiology, 50
(7), 935–942. https://doi.org/10.1007/s00247-020-04663-8

Using LiverMultiScan an excellent positive correlation was demonstrated between liver native T1 and iron
corrected cT1 in a cross-sectional study of pediatric patients with autoimmune liver disease, bringing into
question the need to perform T1 iron correction in this population.
34. Parisinos, C, A. et al. (2020). Genome-wide and Mendelian randomisation studies

of liver MRI yield insights into the pathogenesis of steatohepatitis. Journal of
Hepatology, 73 (2), 241–251. https://doi.org/10.1016/j.jhep.2020.03.032

This GWAS study of LiverMultiScan cT1 in 14,440 UK Biobank participants identified that genetic variant
(SLC39A) was associated with fibro-inflammatory liver disease and could therefore be a potential target
for new drugs to prevent the disease in at-risk patients.
35. Chakravarthy, M.V., et al. (2020). Nutrition and non-alcoholic fatty liver disease –

Current
perspectives.
Gastroenterology
https://doi.org/10.1016/j.gtc.2019.09.003

Clinics,

49

(1),

63–94.

This proof of concept study aimed to evaluate the diagnostic accuracy of LiverMultiScan in the assessment
of portal hypertension with comparison to other non-invasive technologies. Spleen cT1 showed to be a
promising biomarker of portal pressure that outperformed other non-invasive scores.
36. Marjot, T., et al. (2019). Sodium-glucose cotransporter 2 inhibition does not
reduce hepatic steatosis in overweight, insulin-resistant patients without type 2
diabetes. JGH Open, 4 (3), 433–440. https://doi.org/10.1002/jgh3.12274
LiverMultiScan’s cT1 was used alongside other technologies to identify new indications for existing type 2
diabetes drugs. cT1 confirmed the absence of an effect for dapagliflozin in a small NAFLD population.
37. Levick, C., et al. (2019). Non-invasive assessment of portal hypertension by multi-

parametric magnetic resonance imaging of the spleen: A proof of concept study.
PLOS ONE, 14 (8), e0221066. https://doi.org/10.1371/journal.pone.0221066
This proof of concept study aimed to evaluate the diagnostic accuracy of LiverMultiScan in the assessment
of portal hypertension with comparison to other non-invasive technologies. Spleen cT1 showed to be a
promising biomarker of portal pressure that outperformed other non-invasive scores.
38. Wilman, H.R., et al. (2019). Genetic studies of abdominal MRI data identify genes

regulating hepcidin as major determinants of liver iron concentration. Journal of

Hepatology, 71 (3), 594–602. https://doi.org/10.1016/j.jhep.2019.05.032

In this study, 3 genetic variants that are linked to an increased risk of developing higher liver iron content
were identified. The same genetic variants were shown to be linked to higher risk of many diseases, but
they may also be associated with some health advantages. Finally, genetic variants associated with waistto-hip ratio were used as a tool to show that central obesity is causally associated with increased liver iron
content.
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39. Castera, L. et al. (2019). Non-invasive assessment of liver disease in patients with
non-alcoholic fatty liver disease. Reviews in Basic and Clinical Gasteroenterology
and Hepatology, 156, 1264–1281. https://doi.org/10.1053/j.gastro.2018.12.036
Review of non-invasive methods for assessing liver disease in NAFLD and how they could be used in
clinical practice. Highlights the key issues of differentiating NASH from simple steatosis and identifying
advanced fibrosis.
40. Mojtahed, A., et al. (2019). Reference range of liver corrected T1 values in a
population at low risk for fatty liver disease: a UK Biobank sub-study with an
appendix of interesting cases. Abdominal Radiology, 44 (1), 72–84. https://
doi.org/10.1007/s00261-018-1701-2
This study established the reference range of cT1 values for a large healthy UK population, which has
potential to serve as a benchmark of normality for future studies and enables cT1 as a quantitative imaging
biomarker for studies in liver health and disease.
41. Dillman, J. et al. (2019). Diagnostic performance of quantitative magnetic
resonance imaging biomarkers for predicting portal hypertension in children and
young adults with autoimmune liver disease. Pediatric Radiology, 49 (3), 332–341. https://
doi.org/10.1007/s00247-018-4319-1
Evaluates the utility of quantitative MRI biomarkers including elastography and cT1 mapping for predicting
portal hypertension in a paediatric population. Liver and spleen stiffness, along with liver cT1, predict
radiologic portal hypertension with good accuracy.
42. Li, Q., et al. (2018). Current status of imaging in non-alcoholic fatty liver disease.
World
Journal
of
Hepatology,
10
(8),
530–542. https://
doi.org/10.4254/wjh.v10.i8.530
Review of imaging methods for NAFLD risk stratification and management, including multiparametric MRI
(LiverMultiScan), MR Elastography and Ultrasound Elastography.
43. McKay, A., et al. (2018). Measurement of liver iron by magnetic resonance
imaging in the UK Biobank population. PloS One, 13 (12), e0209340. https://
doi.org/10.1371/journal.pone.0209340
LiverMultiScan was used to measure hepatic iron levels in 9,108 participants of the UK Biobank study,
demonstrating feasibility of large population studies in liver iron with this technique.
44. Hoy, A.M., et al. (2018). Non-invasive assessment of liver disease in rats using
multiparametric magnetic resonance imaging: a feasibility study. Biology Open, 7,
bio033910. https://doi.org/10.1242/bio.033910
LiverMultiScan accurately quantified levels of hepatic fibro-inflammation, fat and iron in preclinical models.
45. Breen, D. (2018). Multiparametric magnetic resonance imaging for early detection
of diffuse liver disease. Biomarkers in Medicine, 12 (2), 105–106. https://
doi.org/10.2217/bmm-2017-0368
An overview of LiverMultiScan from the perspective of a radiologist, highlighting its advantages over liver
biopsy and other non-invasive methods, as well as cost-effectiveness.
46. Wilman, H.R., e t al. (2017). Characterisation of liver fat in the UK Biobank cohort.

PloS One, 12 (2), e0172921. https://doi.org/10.1371/journal.pone.0172921

LiverMultiScan was used to measure hepatic fat in 4,949 participants in the UK Biobank with a success
rate of 96.8% and acquisition time of 3 minutes, demonstrating feasibility to screen large populations
potentially cost-effectively.
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47. Levelt, E., et al. (2016). Ectopic and visceral fat deposition in lean and obese
patients with type 2 diabetes. Journal of the American College of Cardiology, 68 (1),
53–63. https://doi.org/10.1016/j.jacc.2016.03.597

LiverMultiScan showed elevated hepatic fibroinflammatory and fat levels in asymptomatic patients with
type 2 diabetes, suggesting significant NAFLD and NASH. This highlights an urgent need – and potential
application of the technology – in screening, staging, and monitoring diabetic liver disease.
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