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Summary
Background In autoimmune hepatitis (AIH), clinical practice and treatment guidelines frequently diverge as a
reflection of disease heterogeneity and challenges in achieving standardised care. We sought to explore the utility of
multiparametric (mp) MR in patients with AIH, and the impact of this technology on physicians’ decision making
and intended patient management.

Methods 82 AIH patients, recruited from two sites between June and November 2019 as part of an observational
cohort study, underwent non-contrast MRI alongside their standard clinical investigations. Correlations between
iron-corrected T1 (cT1) and other markers of disease were investigated alongside the utility of imaging markers to
risk stratify patients in biochemical remission. The impact of mpMR on clinical decision making was evaluated
using pairwise t-tests. The discriminatory ability of the imaging markers was assessed using area under the receiver
operating characteristic curves (AUCs).

Findings cT1 had a significant impact on clinician intended patient management (p<0.0001). cT1 correlated with
ALT (p = 0.0005), AST (p<0.001), IgG (p = 0.0005), and liver stiffness (p<0.0001). Patients in deep biochemical
remission (N = 11; AST/ALT <50% upper limit of normal [ULN] and IgG <12 g/L) had low cT1, while 7/34 in normal
biochemical remission (AST/ALT between 50 and 100% of ULN) had high cT1 and were at risk of disease flare. cT1
measures of disease heterogeneity, ALP and bilirubin made the best predictor of those not in biochemical remission
(AUC:0.85).

Interpretation This study investigates the impact of mpMR results on intended clinical management in a real world
setting. Findings showed that mpMR demonstrated a significant impact on clinical management of AIH and has the
potential to inform patient risk stratification.
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Introduction
Autoimmune hepatitis (AIH) is a challenging condition
that presents in both acute and chronic forms in
patients of all ages.1 It remains a diagnosis of exclusion
since there is no disease-specific test and one third of
patients present with advanced liver disease. Corticoste-
roids and non-selective immunosuppression are cur-
rently the mainstay of treatment. Disease relapse is
common and affects up to 80% of patients after
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treatment withdrawal. Moreover, undesired corticoste-
roid-related side effects are considerable,2 and up to
50% of patients can develop cirrhosis despite therapeu-
tic intervention.3 AIH has a female predominance, with
the majority of most patients requiring life-long
monitoring.1,3

To-date, liver biopsy is considered essential for diag-
nosis of AIH in accordance with all clinical guidelines,
and can highlight co-existence with non-alcoholic steato-
hepatitis, viral hepatitis, and variant syndromes.4,5 It is
also useful for evaluation of treatment response and to
guide therapy by quantification of hepatic inflammation
and staging of liver fibrosis.
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Research in context

Evidence before this study

We searched PubMed, MEDLINE, Embase and Google
Scholar from 2003 to 2020. Search terms included auto-
immune hepatitis [MeSH Terms], “autoimmune hepati-
tis”, “autoimmune hepatitis guidelines”, “noninvasive
imaging markers in autoimmune hepatitis”, and “cor-
rected T1 in autoimmune hepatitis”. We observed that
although clinical management relies on needle biopsy
as a gold standard (despite its limitations and inappro-
priateness for long-term monitoring), there is a need for
more prognostic non-invasive biomarkers which predict
the risk of treatment failure, relapse, or disease progres-
sion to support clinicians and individualize manage-
ment strategies.

Added value of this study

This study presents a comparison of the utility of multi-
parametric magnetic resonance (MR) biomarkers to
other commonly used non-invasive markers to identify
patients in biochemical remission with previously unde-
tected active sub-clinical disease at high risk of disease
relapse. MR biomarkers performed comparatively better
to discriminate between those in biochemical remission
vs active disease as well as identifying those in bio-
chemical remission with undetected active disease at
risk of relapse. Multiparametric MR biomarkers also
showed significant impact on physician's intended clini-
cal management plans for patients with autoimmune
hepatitis.

Implications of all the available evidence

This study demonstrates the potential of multiparamet-
ric MR biomarkers as tools for improved patient man-
agement and for early detection of at risk patients most
likely to relapse due to active sub-clinical disease. By
also characterising the heterogeneity across the liver,
these biomarkers have the potential to provide addi-
tional benefit compared to using serum biochemistry
and liver stiffness alone.
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Monitoring of liver inflammation in AIH relies on
non-invasive assessment such as liver biochemistry (ala-
nine transaminase (ALT) activity) and immunoglobulin
G (IgG) levels. Liver biochemistry can be insensitive to
changes in fibro-inflammation in the liver and one can-
not exclude underlying residual active hepatic inflam-
mation in the presence of ‘normal LFTs’ (liver function
tests).6 Some clinical guidelines recommend repeat
“on-treatment” histological assessment to confirm com-
plete resolution of histological inflammation to aid in
long-term therapeutic management considerations.4−6

This has not been universally adopted.7 In practice, liver
biopsy is performed at diagnosis, for an unexplained
and persistent flare in liver biochemistry/IgG and when
considering treatment cessation or withdrawal.5 Liver
biopsy however is invasive and not liked by patients.
This paucity in follow-up histological assessment has
resulted in a need for objective, quantitative, reproduc-
ible, and accurate non-invasive methods of assessing
liver health in this population.5

Serum-based biomarker panels, such as FibroTest�,8

serum AST/platelet ratio index (APRI),9 Fibrosis-4
index (FIB-4)10 and the enhanced liver fibrosis (ELF)
test11 have been used anecdotally in patients with AIH;
their use requires further validation.5 Non-invasive
imaging techniques, including vibration-controlled
transient elastography (VCTE; Fibroscan�, Echosens,
France), magnetic resonance elastography (MRE) and
acoustic radiation force impulse imaging (ARFI) are
confounded by hepatic inflammation.5 VCTE has a high
coefficient of variation although is often used after 6-
months of treatment to monitor disease response and
progression of fibrosis.

Multiparametric magnetic resonance (mpMR) tech-
niques have been able to impact clinical practice in med-
ical fields such as oncology (prostate and breast cancer)
and cardiology, due to the generation of quantitative bio-
markers.12−14 mpMR has also demonstrated its utility
in clinical pathways for the assessment of liver dis-
ease.15−18 Iron corrected T1 (cT1) from LiverMultiScan
(Perspectum, Oxford) is an objective mpMR measure-
ment of fibro-inflammation with low inter-observer vari-
ability and high repeatability over time,19,20 as well as a
very low coefficient of variation in monitoring liver dis-
ease at multiple timepoints.20 cT1 correlates with histol-
ogy16,21−23 and has been shown to detect early
responses to treatment in non-alcoholic fatty liver dis-
ease.24 More recently, cT1 has also shown utility in
monitoring disease regression and has correlated with
histological fibrosis and inflammation in AIH patients
in biochemical remission.25 Importantly, cT1 outper-
formed other surrogate markers (VCTE-liver stiffness
and elevated liver enzymes) to predict future disease
flare in AIH patients, with a cT1 ≥800 ms associated
with a ≥ 20% chance of experiencing a future disease
flare, rising to ≥75% chance with a cT1 ≥1000 ms.25

The aim of this study was to understand the impact
of cT1 on a physician’s intended management plan for
patients with AIH. Our objective was to investigate the
effect of mpMR results on a physician's decision mak-
ing and subsequent intended patient management
plans for patient with suspected or confirmed AIH com-
pared with usual standard of care.
Methods

Patient recruitment
82 adult patients (N = 59 from King’s College Hospital
NHS Foundation Trust and N = 23 from Oxford
www.thelancet.com Vol 46 Month April, 2022
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University Hospitals NHS Trust) with an established
biopsy-proven diagnosis of AIH were prospectively
recruited into this study between June 2019 and
November 2019. Exclusion criteria included: (1)
inability or unwillingness to give consent, (2) those
with contraindications to the MR procedure (such as
pregnancy or non-MR compatible implants), (3)
those with any clinical doubt to their underlying aeti-
ology of liver disease, or (4) patients with evidence of
current overt hepatic decompensation (such as
encephalopathy, gross ascites, or variceal haemor-
rhage).
Diagnostic criteria
All patients recruited in this study had biopsy confirmed
AIH (diagnosed 3.1 years (range: 0−14.4 years) before
recruitment). Moreover, at the time of diagnosis, all
patients fulfilled the revised,26 and simplified Interna-
tional Autoimmune Hepatitis Group (IAIHG)27 criteria
with all patients being classed as having probable or def-
inite AIH (score of �6).
Ethics statement and registration
Patients gave written informed consent to participate in
the study. Local ethical approval was gained via the
National Research Ethics Service, West Midlands (Black
Country, reference 19/WM/0111), along with appropri-
ate data sharing, confidentiality, and collaboration
agreements. The study was registered as a clinical inves-
tigation (NCT03979053). Principals of Good Clinical
Practice and those of the 1975 Declaration of Helsinki
were observed. All patient-identifiable information was
kept securely and encrypted within the servers at the
study sites.
Study procedures
Patients underwent non-invasive assessment including
clinical history, examination, blood panel analysis,
VCTE liver stiffness (LS; Fibroscan�, Echosens, France)
and non-contrast mpMR. Figure 1 shows a summary of
the protocol followed in this study.
MpMR protocol
The mpMR scanning protocol was installed, calibrated
and phantom tested on a 3 T Siemens Prisma MRI scan-
ner (Siemens Healthcare GMBH, Erlangen, Germany)
at the Oxford Centre for Magnetic Resonance (OCMR)
and a 3 T Siemens Skyra MRI scanner (Siemens Health-
care GMBH, Erlangen, Germany) at Alliance Medical,
London. Four single transverse slices were captured
throughout the liver centred at the porta hepatis. Anony-
mised MR data were analysed off-site using Liver-
MultiScan� software (Perspectum Ltd., United
Kingdom) by specialised imaging analysts trained in
www.thelancet.com Vol 46 Month April, 2022
abdominal anatomy and artefact detection. cT1 maps of
the liver were delineated into whole liver segmentation
maps using a semi-automatic method, as extensively
described by Bachtiar and colleagues,19 and expressed
as the median value within the map. cT1 interquartile
range (IQR), a measure of the spread of cT1 values
across the liver, and the count (expressed as a percent-
age) of the pixels in the liver map above a pre-defined
threshold of 800 ms (pcT1), both of which represent dis-
ease heterogeneity, were also extracted from the whole
liver segmentation maps. The mpMR analysis was com-
pleted by analysts blinded to the clinical data.
Assessment of clinical impact of cT1
To address the primary objective, clinicians were asked
to score the utility of the technology at two stages. The
first score, which reflected the anticipated benefit of
mpMR, was given immediately after the clinic consulta-
tion once the clinician had reviewed the existing patient
information and prior to the patient attending the MRI
scan. After receiving the mpMR report, the clinicians
were asked to provide a second score reflecting the
impact of mpMR on the clinical management plan for
the patient. For both scores and for each individual
patient, a 10-point Likert scale was used to record the
clinicians’ level of agreement or disagreement concern-
ing the utility of the technology. On the Likert scale
used, a score of 1 indicated no confidence in the utility
of LiverMultiScan, whilst a score of 10 indicated com-
plete confidence.
Definitions of disease inactivity and biochemical
remission
Clinical guidelines define one of the goals of treatment
in AIH to be complete biochemical remission.4,5 As
ALT remission has been shown to correlate with out-
comes,5 patients in this study were classified into two
groups according to biochemistry. Biochemical remis-
sion groups were formed around the upper limit of nor-
mal (ULN) of aspartate aminotransferase (AST) and
ALT4 with those in biochemical remission having AST
and ALT less than the ULN (i.e. AST�40IU/L and
ALT�40IU/L), while those not in biochemical remis-
sion were classified as having active disease. Similar to
work by Hartl and colleagues,28 to further understand
the utility of mpMR to identify the existence of grada-
tions in biochemical remission and to identify those
with active sub-clinical disease, patients in biochemical
remission were further classified as being either in deep
(ALT �50% ULN (ALT�20IU/L) and IgG<12 g/L) or
normal biochemical remission. Lastly, as a cT1 of
>800 ms has previously been shown to relate to
increased risk of disease relapse,25 and is indicative of
continued active fibro-inflammatory disease29 it was
3



Figure 1. The identification, recruitment, and active study procedure followed in this project.
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used as a threshold to identify those with active sub-clin-
ical disease (Figure 2).
Statistics
Descriptive statistics were used to summarise baseline
participant characteristics. Continuous variables were
reported as mean and standard deviation and categorical
variables were reported as frequency and percentage.
The time between diagnosis biopsy and recruitment
into the study (disease duration) was also calculated and
reported as median and inter-quartile range. For the pri-
mary objective, paired t-tests were used to assess the
impact of cT1 on clinical decision making by compare
the scores given by the clinicians before and after
reviewing the mpMR results.

To assess the agreement between non-invasive and
biochemical biomarkers, correlations between all
markers (median cT1 (cT1), cT1 IQR, pcT1, and LS) with
blood tests were analysed using Spearman’s correlation
coefficient (rs). Mean differences between those in bio-
chemical remission and those with active disease were
compared using the Kruskal Wallis test. Further to this,
mean differences between those with low
(cT1<800 ms) vs high cT1 (within each biochemical
remission group respectively) were evaluated with the
Kruskal Wallis tests.

The ability of cT1 to discriminate between those
in biochemical remission from those not in bio-
chemical remission were estimated using the area
under the receiver operating characteristic curves
(AUCs). Sensitivity, specificity, negative and positive
predicting values (NPV, PPV respectively) for the
predefined cT1 cut-off of 800 ms was calculated,
with Youden’s Index used to obtain the best cut-off
and related sensitivity, specificity, NPV and PPV for
pcT1 and liver stiffness. For the exploratory investi-
gations into possible gradations in biochemical
www.thelancet.com Vol 46 Month April, 2022



Figure 2. (A) Changes in cT1 (ms) associated with increasing fibro-inflammatory burden and differences in cT1 between remission
groups. In the images, lower values (cooler colours in maps and colour bar) represent areas with lower cT1 values and therefore
lower fibro-inflammation, while higher cT1 values (warmer colours) represent areas of the liver with higher fibro-inflammation. (B)
Classification of patients using biochemistry and cT1 to identify the spread of patients with resolved biochemistry that still have
active fibro-inflammation.
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remission, Kruskal Wallis test tests were used to
evaluate if any differences existed between those in
deep biochemical remission and those in normal
biochemical remission.

Descriptive statistics and correlations were per-
formed using all patient’s data, however, subsequent
investigations after classification into biochemical
remission groups were performed in the patients with
both AST and ALT data available for analysis (N = 70).
All statistical analyses were performed using R version
3.5.3 (R Core Team, Vienna, Austria), and values of
p<0.05 were considered statistically significant. The
Shapiro-Wilk test was used to assess normality of the
metrics investigated.
www.thelancet.com Vol 46 Month April, 2022
Sample size calculation
The sample size estimation was based on the primary
objective and endpoint to assess the effect of MRI
results on a physician’s decision making and the num-
ber of patients in whom intended clinical management
is changed when the MRI results are delivered. Accord-
ing to preliminary data from Arndtz and colleagues sub-
sequently published,25 up to 50% of low-risk patients
and up to 23% of high risk patients (as identified by
blood serum markers) go on to develop a flare within
next 12 months. Thus, in a hypothetical scenario, in a
100 patient cohort where 50 patients are considered to
be low risk and 50 are considered to be high-risk, 25
low-risk patients will be incorrectly assigned low risk
5
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status (instead of high-risk) and will go on to develop a
flare. The study also showed that mpMR can benefit up
to 36% of patients and thus result in a change in man-
agement. Considering the null hypothesis that a clini-
cian can correctly identify patient status (high/low-risk)
25−30% of the time and the worst case scenario where
mpMR can benefit 15% patients (small effect size of
0.31−0.34), approximately 60 patients (assuming 80%
power, alpha 0.05 and loss rate of 10%) would be
required to test our hypothesis, with approximately 80
patients required if a loss rate of 25% is considered.
Role of the funding source
The funding source had no role in the study design,
data collection, data analyses, data interpretation, writ-
ing of the report and the decision to submit the manu-
script for publication. All authors (MAH, ES, AD, RZA,
MNR, MN, LS, MK, RB, ELC) has access to the data and
jointly took the decision to submit the paper for publica-
tion.
Results

Description of cohort
All patients, median age of 52 years (range: 21−81), were
consented and recruited over three months between
June and October 2019 (Figure 1, Table 1). Seventy-
seven percent were female. All participants were on
either monotherapy or a combination of therapies at the
time of recruitment. The time between the most recent
liver biopsy and MRI scan (disease duration) was 23.1
months (IQR:46.7) months.
Clinical assessment
All patients were assessed face-to-face in outpatient
clinic. 69/82 (84%) were felt to have stable disease
based on clinical parameters, liver biochemistry
(+/-immunoglobulin levels), and continuation of treat-
ment regimen. Thirteen out of 82 patients (16%)
required a change in medication due to various reasons,
including increased/reduced disease activity, planned
escalation/de-escalation of therapy, intolerance of medi-
cation, or patient choice. 5/13 (6%) had their steroid
treatment adjusted (3 decrease, 2 increase) and 9/13
(11%) had a change in their immunosuppressive therapy
(6 decrease, 3 increase) (Figure 1).
Surrogate imaging biomarkers and serum markers of
AIH activity
cT1 correlated significantly with serum markers (ALT
(rs=0.31, p = 0.005), AST (rs=0.47, p<0.001), IgG
(rs=0.41, p = 0.001), GGT (gamma-glutamyl transferase;
rs=0.49, p<0.001) and albumin (rs= �0.32, p = 0.036)),
as well as with liver stiffness (rs=0.51, p<0.001), and
disease duration (rs=0.32, p = 0.003). Furthermore,
there were significant correlations between pcT1 and
serum ALT (rs=0.33, p = 0.003), AST (rs=0.51,
p<0.001), IgG (rs=0.35, p = 0.003), GGT (rs=0.5,
p<0.001) and liver stiffness (rs=0.54, p<0.001) (Table 2).
Non-invasive imaging and disease activity
Active disease. 25 patients had active disease with 15
having cT1<800 ms. Of these 15, 60% had ALT less
than x2 ULN (ALT: 47.9 § 12.3 IU/L) and according to
clinical guidelines4 have mild disease (Figure 2). The
patients with mild disease had significantly lower cT1
IQR (p = 0.004), liver stiffness (p = 0.04) and pcT1
(p<0.0001) compared to those with cT1>800 ms
(Figure 3).
Biochemical remission vs active disease. Those with
active disease had significantly higher cT1 (p = 0.002),
IgG (p = 0.01), liver stiffness (p = 0.003) and pcT1
(p = 0.002) compared to those in biochemical remission
(Figure 4). In the discrimination between biochemical
remission and active disease, a cT1 of 800 ms had
AUC:0.77 (95% CI: 0.63−0.9), 40% sensitivity, 84%
specificity, 67% PPV and 70% NPV. In addition to this,
a pcT1 of 48% had AUC:0.76 (95% CI: 0.62−0.9), 50%
sensitivity, 94% specificity, 83% PPV and 75% NPV,
while a liver stiffness of 5.4 kPa was found to have
AUC:0.74 (95% CI: 0), 75% sensitivity, 69% specificity,
60% PPV and 81% NPV to discriminate between the
two biochemical remission groups.
Biochemical remission and active sub-clinical disease. Tag-

gedPOf the 45 patients in biochemical remission, 18 were in
deep biochemical remission and 27 were in normal bio-
chemical remission (Figure 2). The 7 patients in normal
biochemical remission with cT1>800 ms had signifi-
cantly higher pcT1 (p = 0.0003) and GGT (p = 0.004)
when compared to those in normal biochemical remis-
sion with cT1<800 ms. Moreover, when compared on a
global scale with all other patients in biochemical remis-
sion, these 7 patients were found to have significantly
higher AST (p = 0.03), cT1 IQR (p = 0.04), GGT
(p = 0.0008) and pcT1 (p<0.0001) (Figure 5).
Impact of cT1 on clinical decision making
In the first score given immediately after the consulta-
tion, but before reviewing the mpMR report, the average
score reflecting the anticipated benefit of mpMR was
7 § 4. The average retrospective review, after reviewing
the mpMR report, increased significantly by 20%
(p<0.0001) to 9 § 2. For the first set of scores, 65%
were � 7/10 while 35% were < 5/10, however for the
www.thelancet.com Vol 46 Month April, 2022



Whole cohort Biochemical Remission Active disease p-value Normal limits

Deep Normal

Patient characteristics

Cohort size 82 18 27 25

Age 52§16 60§13 52§14 45§17 0.058

Body Mass Index (kg/m2) 27.4 § 5.6 26.0 § 5.6 28.2 § 4.7 26.8 § 5.0 0.751 18.5−24.9

Serum Liver and Liver function tests

Platelets (10^9/L) 222§91 257§78 228§98 205§89 0.196

ALP (IU/L) 73§30 69§28 69§26 82§34 0.128 30−130

GGT (IU/L) 55§58 26§13 54§48 74§77 0.196 15−40

ALT (IU/L) 40§45 15§3 25§8 81§63 <0.001 10−45

AST (IU/L) 41§32 23§4 28§7 70§42 <0.001 15−42

Albumin (g/L) 43§4 45§3 43§4 42§4 0.125 32−50

Bilirubin (µmol/L) 14§8 12§5 14§10 16§8 0.114 0−21

Total serum globulins (g/L) 28§5 25§2 28§5 30§6 0.065 20−35

IgG (g/L) 13.1 § 4.6 9.9 § 1.5 13.3 § 4.7 14.9 § 5.0 0.01 6.5−18.5

Surrogate markers of liver health

Liver stiffness measure (kPa) 9.3 § 8.5 5.8 § 3.8 6.7 § 5.5 12.5 § 10.9 0.003

Fat (%) 4.1 § 4.2 3.5 § 2.0 4.0 § 3.2 3.7 § 4.6 0.289 100−400

cT1 (ms) 781§105 731§29 766§68 818§95 0.002 633−794

pcT1 (%) 35§27 18§11 32§26 48§30 0.002

Table 1: Population demographics showing patient characteristics, blood panel and non-invasive liver assessment results. Statistical
differences between those in biochemical remission (AST≤40IU/L and ALT≤40IU/L) and those with active disease have also been
indicated. P-values for ALT and AST have not been added as these were used to define the biochemical remission groups.

cT1 (ms) cT1 IQR (ms) pcT1 (%) Liver stiffness (kPA)

Serum Liver function tests (N = 82)

ALT (IU/L) 0.31

(p = 0.005)

0.13

(p = 0.26)

0.33

(p = 0.003)

0.36

(p = 0.005)

AST (IU/L) 0.47

(p<0.001)

0.29

(p = 0.015)

0.51

(p<0.001)

0.48

(p<0.001)

Albumin (g/L) �0.32

(p = 0.004)

�0.30

(p = 0.006)

�0.31

(p = 0.005)

�0.30

(p = 0.019)

ALP (IU/L) 0.07

(p = 0.51)

0.11

(p = 0.32)

0.09

(p = 0.43)

0.36

(p = 0.003)

Bilirubin (µmol/L) 0.07

(p = 0.51)

0.33

(p = 0.003)

0.06

(p = 0.58)

0.18

(p = 0.18)

GGT (IU/L) 0.49

(p<0.001)

0.22

(p = 0.075)

0.50

(p<0.001)

0.41

(p = 0.005)

IgG (g/L) 0.41

(p = 0.001)

0.18

(p = 0.15)

0.35

(p = 0.0031)

0.05

(p = 0.71)

Platelets (10^9/L) �0.13

(p = 0.26)

�0.43

(p<0.001)

�0.14

(p = 0.21)

�0.30

(p = 0.018)

Total serum globulins (g/L) 0.50

(p = 0.0001)

0.22

(p = 0.10)

0.45

(p = 0.0004)

0.34

(p = 0.025)

Surrogate markers

Liver stiffness (kPA; N = 80) 0.51

(p<0.001)

0.47

(p<0.001)

0.54

(p<0.001)

Disease duration (years) 0.32

(p = 0.003)

0.15

(p = 0.17)

0.34

(p = 0.002)

0.20

(p = 0.13)

Table 2: Correlations (R) between cT1 (ms) with serum liver function test results and other surrogate markers of liver health. All significant
associations are highlighted in bold.
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Figure 3. Markers that were significantly different between those with mild active disease (ALT < x2 ULN) vs those with active dis-
ease. Those with mild active disease (ALT < x2 ULN) and low fibro-inflammatory activity (cT1<800 ms) had significantly lower het-
erogeneity (cT1 IQR: p = 0.004; pcT1: p<0.0001) and liver stiffness (p = 0.04) compared to those with active disease (ALT > x2 ULN)
and high cT1 (cT1>800 ms). The whiskers of the boxplots represent the minimum and maximum values, the box covers the first and
third quartiles with a line indicating the median. All outliers falling outside the area covered by the whiskers are indicated. cT1 IQR
(ms): cT1 interquartile range a measure of disease heterogeneity, liver stiffness (kPa) measured of fibrosis by transient elastography,
pcT1 (%): the percentage of the pixels in the cT1 map above 800 ms, measure of disease burden and heterogeneity.

Articles

8

second set of scores, 78% were � 7/10 and 6% were <
5/10.
Discussion
In this study looking at the utility of using MR imaging
in AIH we identified four main findings. Firstly, we
managed to further the understanding of gradations in
biochemical remission by expanding on the concept of
deep biochemical remission and identifying the differ-
ences between those in deep biochemical remission and
those in normal biochemical remission. Secondly, we
Figure 4. Markers that were significantly different between those w
(AST≤40IU/L and ALT≤40IU/L). Those with active disease had sign
(p = 0.003) and IgG (p = 0.01) compared to those in biochemical r
and maximum values, the box covers the first and third quartiles w
area covered by the whiskers are indicated.
highlighted the utility of mpMR results in monitoring
AIH patients with further insight into patients in bio-
chemical remission with active subclinical disease.
Thirdly, we highlighted the potential utility that quanti-
fying the amount of active fibro-inflammatory disease
may have on the phenotypic changes that occur in AIH.
Lastly, we highlighted the impact mpMR results has on
physicians’ intended plans for patient management in a
representative real world AIH population.4,5

Serum liver biomarkers are used to monitor disease
activity in AIH4−6 transaminases can be normal (or
fluctuate) in patients with chronic hepatitis therefore,
ith active disease compared to those in biochemical remission
ificantly higher cT1 (p = 0.002), pcT1 (p = 0.002), liver stiffness
emission. The whiskers of the boxplots represent the minimum
ith a line indicating the median. All outliers falling outside the
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Figure 5. Markers that were significantly different between those in biochemical remission (AST≤40IU/L and ALT≤40IU/L) with
(cT1<800 ms) vs without (cT1>800 ms) sub-clinically active disease on imaging. Those with clinically active disease on imaging had
higher AST (p = 0.03), GGT (p = 0.0008), cT1 (p = 0.04) and pcT1 (p<0.0001) compared to those without clinically active disease on
imaging. The whiskers of the boxplots represent the minimum and maximum values, the box covers the first and third quartiles
with a line indicating the median. All outliers falling outside the area covered by the whiskers are indicated.
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normal liver enzymes do not always necessarily indicate
the absence of hepatic inflammatory activity.30 Although
imaging markers correlate significantly with blood
markers (as shown by both cT1 and liver stiffness), they
also provide additional information. For instance, VCTE
liver stiffness,31 MRE32,33 and ARFI34−36 have all shown
utility in the characterisation of disease (mainly fibrosis)
in AIH.5 Similarly, cT1 has shown clinical utility to pre-
dict outcomes,37,38 predict flares,25 as well as monitor
treatment response.24 Non-invasive characterisation of
disease heterogeneity across the liver is also important in
AIH,1 and cannot be evaluated by existing imaging or
blood tests currently used in clinical practice.39 Findings
from this study showed that disease heterogeneity (cT1
IQR and pcT1) correlates with blood markers and varies
significantly between biochemical remission groups.
Thus, understanding the manner in which disease bur-
den across the liver is related to the level of circulating
serum markers could potentially be helpful in the clinical
assessment of patients with AIH.

Liver biopsy has traditionally been the preferred
strategy prior to drug withdrawal, this procedure may
not be mandatory in all adults as a similar relapse fre-
quency has been observed between those with or with-
out a pre-withdrawal liver biopsy.4,5,40 Patients with
ALT levels <50% ULN have been shown to have the
best outcomes after treatment withdrawal,5 with grada-
tions within the normal range of biochemical remission
being shown to be predictive of clinical outcomes.40

Forty percent of our cohort who were in biochemical
remission were classified as being in deep biochemical
remission and had significantly less active fibro-inflam-
matory disease compared to those in normal biochemi-
cal remission. Moreover, as both cT1 and pcT1 were
significantly higher in those with normal biochemical
remission, compared to those in deep biochemical
remission, including these markers in the evaluation of
patients may provide potentially useful information that
can be used to improve disease management. cT1
≥800 ms in patients with biochemical remission is
associated with a ≥ 20% chance of developing a flare in
www.thelancet.com Vol 46 Month April, 2022
AIH25 and a cT1>800 ms has been shown to indicate
active sub-clinical disease.29 Of the 45 patients in nor-
mal remission, 16% had evidence of active sub-clinical
disease. Thus, 16% of patients with resolved biochemis-
try in this cohort are potentially at risk of having future
disease flares due to persistent fibro-inflammatory activ-
ity in the liver that is otherwise undetectable by liver bio-
chemistry.

In this first study assessing the impact of mpMR
results on intended clinical management, a 20%
increase in physicians’ confidence was observed. More-
over, a decrease of almost 30% (from 35% to 6%) in the
lowest ranking scores (scores < 5/10) was also observed.
These initial results highlight the potential clinically rel-
evant and disruptive information this technology
brings. Therefore, as this study only made use of two
clinicians, future multisite studies with a range of clini-
cians should be performed so as to obtain a better
understanding of the impact mpMR results may have
on physicians’ patient management.

As this was a real world study, concurrent liver
biopsy was not included in the study protocol, as this
would have deviated from standard of care. Conse-
quently, we acknowledge the limitations to this study;
specifically, the inability to assess relationships between
cT1 and histological findings. Nevertheless, previous
studies have shown significant correlations between cT1
and histology in both adults15,16,24 and paediatrics.29

This cross sectional study only covered a single time
point, thus, following this cohort over time will yield a
better understanding of the changes associated with
these markers as well as the impact they may have on
longitudinal disease monitoring. Lastly, as it has been
shown that patient management may vary between
clinicians,7 future meta-analyses looking at large pooled
data across multiple trusts may yield useful information
that will support the results presented in this investiga-
tion. These studies should also collect data regarding
compliance to medication, previous relapses (and their
frequency), induction treatment regimens, and other
factors which can affect the remission status of a
9
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patient. Statistical analyses following these investiga-
tions should control for these covariates within any mul-
tivariate models generated so as to ensure that any
potential confounding effects these factors have will not
influence the outcomes observed.

In conclusion, mpMR quantitative biomarkers have
shown a positive impact on clinicians intended manage-
ment plan as well as utility in characterising the fibro-
inflammatory status of those in various gradations of
biochemical remission. By identifying differences
between those in normal biochemical remission, cT1
has shown promise in the phenotyping and risk stratifi-
cation of individuals with this orphan disease who may
not be identified using serum biochemistry and liver
stiffness alone. Future analyses investigating the associ-
ations between disease and clinical outcomes should
also evaluate the utility of markers of disease heteroge-
neity.
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