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Abstract

Purpose There is an unmet clinical need for non-invasive imaging biomarkers that could replace liver biopsy in the
management of patients with autoimmune hepatitis (AIH). In this study, we sought to evaluate the diagnostic accuracy of a
simple uncorrected, non-contrast T1 mapping for detecting fibrosis and inflammation in AIH patients using histopathology
as a reference standard.

Material and methods Over 3 years, 33 patients with AIH were prospectively studied using a multiparametric liver
MRI protocol which included T1 mapping. Biopsies were performed up to 3 months before imaging, and a standardized
histopathological score for fibrosis (FO-F4) and inflammatory activity (PPAO—4) was used as a reference. Statistical analysis
included independent t test, Mann—Whitney U-test, and ROC (receiver operating characteristic) analysis.

Results T1 mapping values were significantly higher in patients with advanced fibrosis (FO-2 vs. F3—4; p <0.015), significant
fibrosis (FO-1 vs. F2—4; p <0.005), and significant inflammatory activity (PPA 0-1 vs. PPA 2—4 p=0.048). Moreover, the
technique demonstrated a good diagnostic performance in detecting significant (AUC 0.856) and advanced fibrosis (AUC
0.835), as well as significant inflammatory activity (AUC 0.763).

Conclusion A rapid, simple, uncorrected, non-contrast T1 mapping sequence showed satisfactory diagnostic performance in
comparison with histopathology for detecting significant tissue inflammation and fibrosis in AIH patients, being a potential
non-invasive imaging biomarker for monitoring disease activity in such individuals.
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Abbreviations ASC Autoimmune sclerosing cholangitis
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TI Inversion time
TE Echo time

TR Repetition time
Introduction

Autoimmune hepatitis (AIH) is an uncommon chronic liver
disease with a high level of morbidity, accounting for up
to 24% of liver transplants in the United States [1], and
high mortality; approximately 40% of patients with severe
untreated disease die within 6 months of diagnosis [2].
Invasive liver biopsy is typically recommended to stage
and assess inflammation and fibrosis, inform treatment
decisions in patients with inadequate response or clinical
remission, and determine the possibility of withdrawing
immunosuppression [3]. On the other hand, liver biopsy
has the disadvantages of being invasive, costly, and not free
of complications. It is particularly impractical for the long-
term monitoring required in AIH [4], and, furthermore, it
is subject to limitations such as sampling errors and high
inter-observer variability [5].

As a result, there is currently an unmet clinical need for
identifying non-invasive biomarkers that could effectively
help in defining management strategies for AIH and reduce
the frequency of liver biopsy [6]. Recent studies show that
advanced magnetic resonance imaging (MRI) methods, such
as T1 mapping, are promising for AIH [7], however, there
is still a lack of prospective studies to validate and support
these initial analyses. Studies on advanced liver MRI are
specifically scarce in the field of AIH in comparison with
other more frequent conditions (such as steatohepatitis),
being also limited to small samples [8, 9] and, often, the
absence of histological correlation utilizing biopsy, the
current gold standard [6, 9]. Finally, they are hampered by
the lack of simple, rapid, and widely available sequences
not tied to commercial restrictions and patents [6, 10—13].

In search of more cost-effective alternatives with
good reproducibility, recent studies have proposed MRI
relaxometry with T1 mapping as an alternative method to
assess liver fibrosis [14-16]. In addition, other emerging
studies show that T1 mapping may be influenced by liver
inflammation [17-19]. Unlike the Livermultiscan™
protocol’s iron-corrected T1 map (cT1), still limited to the
United States and some European countries [6, 10—13], the
uncorrected, native (without contrast) T1 mapping technique
does not require purchasing additional software and is easily
configurable on any MRI machine, both 1.5 T and 3.0 T [20].
To our knowledge, no study has yet assessed the diagnostic
performance of uncorrected native T1 mapping in staging
liver fibrosis and inflammation using histopathology as the
reference standard in AIH patients.
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Therefore, the primary objective of this study was to
prospectively evaluate the diagnostic value of a simple,
uncorrected, native T1 mapping sequence in patients
with AIH regarding liver fibrosis and inflammation, using
histopathology as the gold standard.

Method

This was a prospective, observational, comparative,
self-paired, non-randomized study. It followed Helsinki
Declaration ethical guidelines and was approved by the
Ethics Committee of the Federal University of Sdo Paulo
(approval number 97898718.6.3002.5474). All patients were
required to sign a free and informed consent form.

Patients were sequentially recruited from the clinical
hepatology unit of our institution, between October 2020 and
April 2023. Given the rarity of the disease, we did not adopt
a pre-established sample size goal calculated for statistical
power, as this could substantially extend the study duration;
however, we were careful that the sample was close to that of
other similar reference studies in the field of AIH. Inclusion
criteria encompassed patients with a confirmed diagnosis of
AIH according to the simplified diagnostic criteria defined
by the International Autoimmune Hepatitis Group (IAIHG)
[21]. Patients had to agree to undergo blood sampling for
laboratory analysis and multiparametric liver MRI up to
a limit of 3 months after the liver biopsy as indicated by
their clinical and therapeutic management. The exclusion
criteria were as follows: (A) other autoimmune liver
diseases (AILD), such as primary sclerosing cholangitis
(PSC) and autoimmune sclerosing cholangitis (ASC); (B)
overlap syndromes; (C) patients whose indication for biopsy
has been suspended; (D) missing biopsy results or non-
diagnostic image quality; (E) patients who did not agree or
had contraindications to the MRI procedure (Fig. 1).

Histopathological analysis

Biopsies were performed using ultrasound orientation/
guidance using the Tru-Cut technique with an automated
14G diameter needle, which allowed sampling from the
right hepatic lobe. Specimens were fixed in formalin and
embedded in paraffin. Only specimens with more than
10 mm in length and more than six intact portal tracts were
considered for analysis [22]. Due to the substantial inter-
observer variation in liver biopsy analysis[5], the specimens’
histopathological analysis was performed only before MRI
by one experienced liver pathologist of our institution (with
20 years of experience in liver biopsy analysis), blinded to
all other clinical data (including MRI).

For fibrosis staging, the Metavir score [23] was used: FO—
absence of fibrosis; F1—periportal fibrosis; F2—periportal
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Patients with liver-biopsy with AILD and MRI (n= 50)

Excluded AILD non-

AIH and overlap
syndroms (n =7)
Missing biopsy

results (n= 3)

Declined study MRI
(n=7)

Final study population (n= 33)

Fig.1 Flowchart of patients inclusion. AILD, autoimmune liver
diseases; AIH, autoimmune hepatitis; MRI, magnetic resonance
imaging

fibrosis with few bridges or septa; F3—bridging fibrosis;
F4—cirrhosis. Patients F2—4 were classified as significant
fibrosis, and those F3—4 as advanced fibrosis [24].

The Desmet classification with a scoring scale from 0
to 4 was used to grade the histologic inflammation [25],
according to periportal/periseptal activity (PPA). Patients
were divided into 2 groups: PPAO-1 vs. PPA2—4 as resolved
or low histologic inflammation and active histologic
inflammation, respectively. This grouping was based
on histologic information relevant to clinical decision-
making regarding the maintenance or discontinuation of
immunosuppressive therapy [26].

MRI technique

The examinations were performed up to three months
after the biopsy, with a 1.5 T equipment (Magnetom
Aera 1.5 T, Siemens Healthcare, Erlangen, Germany). T1
and T2 weighted sequences, diffusion, hydrogen proton
spectroscopy, proton density, T1 mapping, and fat fraction
sequences were performed, as well as an R2* sequence
using a standardized fat- and noise-corrected R2* fitting
algorithm on the vendor’s native multi-echo gradient-echo
sequence, as previous studies demonstrate consistent and
highly reproducible linear R2*-LIC calibration at both 1.5 T
and 3.0 T, independent of scanner vendor [27].

T1 mapping was obtained in 1 min and 20 s using the
sequence modified look-locker inversion recovery (MOLLI),
acquired in breath-hold with no respiratory and/or cardiac
gating. The scan duration/breath-hold was 14.0 s. Three liver
slices were acquired for the T1 map sequence with the center

at the level of the liver hilum in order to cover as much
liver parenchyma as possible, without the administration
of contrast medium, with the following parameters: TR
(repetition time) /TE (echo time)=2.5/1.06 ms; flip angle,
35°; number of excitations, 1.0; field of view (FOV),
340 x 273 mm; matrix, 192 X 124; acceleration factor, 2;
nonselective inversion pulse; steady-state free precession
single-shot readout sequence; fixed time interval TR,
700 ms; minimum inversion time (TI), 100 ms; slice
thickness, 8 mm; inversions number, 3; number of findings
after inversion pulse, 3, 3, 5; number of recoveries after each
inversion pulse, 4, 4, 0; TT increment between inversions,
80 ms, according to a protocol already published in the
literature [28]. It is noteworthy to mention that with the
technical data of this sequence, any MRI equipment
programmer can configure the T1 map sequence without
the need of purchasing any additional software package.

Image analysis

All MRI studies were interpreted in consensus by two
abdominal radiologists (NBNG, 5 years of experience,
UST, 10 years of experience) blinded to patient clinical and
demographic data. For liver T1 measurements, parametric
maps were generated for each anatomical slice. As there is
substantial heterogeneity and no clearly established method
across the studies in the literature to quantify T1 relaxation
time from the liver T1 map, different regions of interest
(ROI) were obtained for T1 mapping, aiming at being as
comprehensive and exhaustive as possible in the exploration
of the various measurement methods to establish the most
feasible one, as detailed below:

e T1 map (circled ROI RL 1 slice): One ROI in the right
hepatic lobe (RL) in one single slice of the liver, placed
in the liver VIII segment, from where most percutaneous
biopsies are taken, approximately midway between the
hepatic portal and the hepatic surface, avoiding bile and
vascular structures (Fig. 2A) [29].

e T1 map (mean 3 circled ROI 1 slice): Three circled ROIs
in one single slice of the liver, including the RL and left
medial section, excluding dilated biliary and visible
vascular structures (Fig. 2B) [30].

e TI1 map (whole liver 1 slice): The ROI was drawn to
cover the largest possible area of liver parenchyma
without including large blood vessels and bile ducts.
While placing the ROI, a distance from the organ capsule
of at least 1 cm was maintained (Fig. 2C) [31].

e T1 map (whole liver 3 slices): The ROIs were drawn to
cover the largest possible area of liver parenchyma, one
per anatomical level. Then an average of the three ROIs
was obtained (Fig. 2C-E) [30].
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Fig.2 Representative cases of different ROIs obtained to measure T1
relaxation using the T1 mapping sequence. A. One circled ROl in a
single slice of the liver. B. Three circled ROIs in a single slice. C.

PDFF and R2* values were obtained applying a
3%x3x%x3 cm voxel on the segment VI-VII, avoiding
artifacts, blood vessels of larger caliber and bile ducts
[32]. The PDFF fraction was calculated based on the
Longo et al. standard formula [32, 33]. A large ROI was
drawn through the mid right lobe on a single image to
measure proton density fat fraction and iron concentration,
avoiding visible blood vessels and dilated bile ducts [32,
34]. The classification adopted for the grading of the fat
fraction by the PDFF method and the spectroscopic method
was as follows [35]: Grade 0 (Normal) <5%; Grade I
(Mild) > 5-15%; Grade II (Moderate) > 15-25%; and Grade
IIT (Severe) >25%. R2* was used to estimate liver iron
concentration (LIC). The following classification was used:
Absent <2 mg/g; Insignificant 2—4 mg/g; Mild > 4-6 mg/g;
Moderate > 6—8 mg/g; Moderate to severe > 8—16 mg/g; and
severe > 16 mg/g [36].

Statistical analysis

The descriptive analysis included absolute and relative
frequencies for categorical variables and mean, median,
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One free-hand ROI that includes the entire liver in a single image.
C-E. Three free-hand ROI’s including the entire liver in three slices

standard deviation, and variation for continuous variables.
The normal distribution of continuous variables was
analyzed by asymmetry, kurtosis, and Shapiro—Wilk
test. Student’s t-test or Mann—Whitney test were used
for the comparison of continuous variables. Associations
between categorical variables were tested using Fisher’s
exact test. The accuracy of laboratory and MRI variables
in predicting significant fibrosis, advanced fibrosis, and
periportal/periseptal inflammatory activity was determined
by the measurement of the area under the ROC curve
(AUROC), and the comparative analysis between them
was performed using the DeLong test. The best cutoffs
to predict the outcomes were determined by the Youden
index. Diagnostic accuracy was also evaluated by the
calculation of sensitivity, specificity, positive predictive
value, and negative predictive value. With the aim of
verifying cutoff points for different contexts, prioritizing
sensitivity or specificity, four more methods were applied
in addition to the Youden method to find the appropriate
cutoff points for these different situations. All tests
were two-tailed and values of p <0.05 were considered
significant. The statistical analysis was performed using
the IBM-SPSS Statistics software version 29.
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Results
Descriptive analysis

Most patients in the study were female, 29/33 (87.9%),
with a mean age of 46 years. The baseline characteristics
of the studied sample are detailed in Table 1. Regarding
non-invasive fibrosis markers, the median values for APRI
(AST to Platelet Ratio Index) and FIB-4 (Fibrosis-4 Index)
were 1.20 (range 0.10-21.40) and 2.30 (range 0.33-14.94),
respectively.

In the biopsy studies, it was not possible to analyze the
periportal/periseptal activity in the fragments obtained in 1
patient. Histopathologic analysis diagnosed 4 patients with
FO (12.1%), 6 with F1 (18.2%), 9 with F2 (27.3%), 12 with
F3 (36.4%) and 2 with F4 (6.1%). One-third (10/33 30.3%)
were classified as non-significant fibrosis (FO-1) and almost
two-thirds (19/33 57.6%) as non-advanced fibrosis (FO-2)

Table 1 Baseline characteristics of the studied sample

Variable N=33

Age, years 462 +14.3
Gender, n (%)

Female 29 (87.9)
Male 4(12.1)
Laboratory tests

Hb (g/dL) 1353 +1.2
Ht (%) 40.17 + 3.6

7,117.42 + 3,864.5
4,136.81 +£2,455.4
1,965.84 + 1,140.9

Leucocytes (per microliter)
Neutrophils (per microliter)

Lymphocytes (per microliter)

Neutrophil / Lymphocyte 551 +19.1
Platelets (per microliter) 221,687.5 +99,198.2
AST (xULN) 6.19 +8.2
ALT (xULN) 576 +7.4
ALT/AST 097 +0.6
ALP (xULN) 1.63 + 1.7
GGT (xULN) 559 +6.8
INR 1.10+0.1
Albumine (g/dL) 394+04
Total bilirubin (mg/dL) 2.63+4.2
Direct bilirubin (mg/dL) 1.88 +£3.4
Indirect bilirubin (mg/dL) 0.72 £ 1.0

Immunoglobulin M (IU/mL)
Immunoglobulin G (IU/mL)

230.12 + 381.1
2015.84 +970.3

Continuous variables are described as mean+standard deviation;
categorical variables are described in number (percentage)

Hb, hemoglobin; Ht, hematocrit, AST, aspartate aminotransferase;
ULN, Upper normal limit; ALT, alanine aminotransferase; ALP,
alkaline phosphatase; GGT, gamma glutamyltransferase; INR,
international normalize

(Table 2). Regarding inflammatory activity, we identified
4 patients with score 0 (12.5%), 2 with score 1 (6.3%), 10
with score 2 (31.3%), 12 with score 3 (37.5%) and 4 with
score 4 (12.5%), accounting for 6/32 (18.8%) as low or
absent inflammatory activity (PPA 0-1) and 26/32 (81.2%)
as higher inflammatory activity (PPA 2—4) (Table 2).

Seven patients had hepatic steatosis (7/33 21.2%), all of
them with a discrete degree (liver fat fraction between 5
and 15%). None of the patients in the study showed iron
accumulation according to the MRI R2* method. The mean
and standard deviation values of PDFF were 2.74 and 3.60,
and of R2* were 23.52 and 4.57, respectively. T1 map was
analyzed by steatosis and iron accumulation groups, but data
were insufficient to calculate significance.

Comparative analysis
Advanced fibrosis

The four techniques used to measure the derived values from
the T1 mapping demonstrated statistically higher values
in advanced fibrosis compared to non-advanced fibrosis
(» <0.015) (Table 3, Fig. 3). The highest accuracy in the
discrimination of advanced fibrosis from non-advanced
fibrosis groups was observed for the T1 map whole liver
1 slice (AUC 0.835) and whole liver 3 slices (AUC 0.801),
considering a cutoff of 689 ms and 683.3 ms, respectively
(Table 4, Fig. 4).

Significant fibrosis

Mean T1 values were significantly higher in patients with
significant fibrosis (F2—4) compared to those with no or mild
fibrosis (FO-1) using all four techniques derived from T1
mapping (p <0.05) (Table 3).

ROC analysis showed good diagnostic performance of T'1
mapping to discriminate significant fibrosis using the four
different T1 measurement techniques, all with AUC > 0.800
(Table 4). The highest accuracy in distinguishing significant
vs. non-significant fibrosis groups was achieved using T1
map whole liver 1 slice (AUC 0.857) and whole liver 3
slices (AUC 0.857), using a cutoff of 689 ms and 617 ms,
respectively (Table 4).

Inflammatory activity

Among the T1 map variables, only the whole liver one
slice’s technique showed a significant difference in the PPA
2-4 group (p =0.048), ranging from 631.5 (549.0-651.0)
in the absence or low inflammation (PPA 0-1) to 687.5
(578.0-870.0) in the group with more inflammatory
activity (Table 3, Fig. 5 and 6). The AUC to discriminate
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Table 2 Descriptive analysis of
histological data

Variable

Frequency (%)

Fibrosis score

Significant fibrosis

Advanced fibrosis

Periportal/periseptal activity (PPA)

Periportal/periseptal activity

0 4/33 (12.1)
1 6/33 (18.2)
2 9/33 (27.3)
3 12/33 (36.4)
4 2/33 (6.0)

Non-significant fibrosis (FO-F1)
Significant fibrosis (F2-F4)

10/33 (30.3)
23/33 (69.7)

Non-advanced fibrosis (FO-F2)
Advanced fibrosis (F3-F4)

19/33 (57.6)
14/33 (42.4)

0 4/32 (12.5)
1 2/32(6.3)

2 10/32 (31.3)
3 12/32 (37.5)
4 4/32 (12.5)
PPA 0-1 6/32 (18.8)
PPA 24 26/32 (81.2)

PPA, Periportal / periseptal activity

the inflammatory activity group was 0.763 (Table 4),
considering a cutoff of 654 ms.

Cutoff points

The cutoff points with the highest sensitivity (MxSE) and
NPV for T1 map whole liver 1 slice were 618.00 ms for
advanced fibrosis, 592.00 ms for significant fibrosis and
578.00 ms for inflammatory activity.

On the other hand, the cutoff points with the highest
specificity (MxSP) and PPV for T1 map whole liver 1
slice were 806.00 ms for advanced fibrosis, 689.00 ms for
significant fibrosis and 654.00 ms for inflammatory activity.

Discussion

This study reports the diagnostic performance of native
T1 maps to differentiate significant fibrosis, advanced
fibrosis, and advanced inflammation in patients with
autoimmune hepatitis- contributing to answer an important
question in the literature concerning uncorrected native
T1 mapping: is iron correction really necessary? Previous
studies have hinted to the fact that patient groups with low
iron concentration can be differentiated and followed-up
using native T1 mapping, but prospective evidence, such
as presented in this manuscript was lacking. Having
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studied a fairly significant number of case of a relatively
rare disease (such as AIH), we have demonstrated that
an uncorrected, native (i.e., non-contrasted) T1 mapping
sequence has good accuracy in detecting significant liver
fibrosis and inflammation in patients with AIH when
using histopathological analysis from biopsy specimens
as the reference standard; this was also the first study to
test several techniques for T1 measurement, showing that a
rapid and easy-to-perform whole liver 1-slice technique for
measurement emerged as that showing the best diagnostic
performance in discriminating the significant (AUC 0.856)
and advanced fibrosis groups (AUC 0.835), as well as
inflammatory activity group (AUC 0.763), with potential
impact and usage in clinical routine.

In our analyses, we grouped the patients according to
the degree of inflammation and the fibrosis stages. Hepatic
fibrosis is often preceded by chronic inflammation, and
persisting inflammation has been associated with progressive
hepatic fibrosis and developing cirrhosis [37]. Classification
of patients by fibrosis stage is important because it has
prognostic significance. Significant fibrosis identifies
patients with potentially progressive disease [37]. Advanced
stages of fibrosis are associated with negative endpoints such
as decompensated cirrhosis and/or hepatocellular carcinoma
[37]. Moreover, patients were divided into two inflammatory
groups (having resolved or low histologic inflammation
versus active histologic inflammation); this classification
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Table 3 Comparative analysis of T1 map measurement techniques in predicting fibrosis categories and inflammatory activity

Liver fibrosis

T1 map Non-advanced fibrosis Advanced fibrosis
(FO-F2) (F3-F4)
N Median (min—-max) N Median (min—-max) P value
T1 map (circled ROI RL 1 slice) 19 594.0 (521.0-1,082.0) 14 685.0 (563.0-1,184.0) 0.015%
T1 map (mean 3 circled ROI 1 slice) 18 605.4 (499.7-792.0) 14 683.0 (572.7-944.3) 0.010%*
T1 map (whole liver 1 slice) 19 640.0 (549.0-777.0) 14 721.0 (618,0-870.0) 0.001*
T1 map (whole liver 3 slices) 19 631.3 (542.0-769.7) 14 700.2 (620.3-873.0) 0.004*
Non-significant Significant fibrosis
fibrosis (F2-F4)
(FO-F1)
T1 map (circled ROI 10 561 (521-736) 23 671 (532-1,184) 0.005%*
RL 1 slice)
T1 map (mean 3 9 578.3 (499.7-667) 23 662.7 (572.7-944.3)  0.003*
circled ROI 1
slice)
T1 map (whole liver 10 591 (549-686) 23 710 (592-870) 0.001*
1 slice)
T1 map (whole liver 10 608.6 (542-698.2) 23 687.3 (617-873) 0.001%*
3 slices)
Inflammatory activity
PPA (0-1) PPA (2-4)
T1 map (circled ROI RL 1 slice) 6 625.0 (521.0-810.0) 26 658.5 (536.0-1,184.0) 0.359%*
T1 map (mean 3 circled ROI 1 slice) 6 605.35 (499.7-640.7) 25 662.7 (540.7-944.3) 0.110%*
T1 map (whole liver 1 slice) 6 631.5 (549.0-651.0) 26 687.5 (578.0-870.0) 0.048%*
T1 map (whole liver 3 slices) 6 644.8 (542.0-676.0) 26 687.65 (586.6-873.0) 0.134%

Continuous variables are represented as median (minimum; maximum) or mean = standard deviation

* Mann—Whitney test

PPA, Periportal / periseptal activity; ROI, Region of interest; RL, Right lobe

was based on histologic information that was important
for clinical decision-making regarding the maintenance or
discontinuation of immunosuppressive drugs [37].

In recent years, there have been significant advances
in non-invasive MR imaging for the detection of hepatic

Fig.3 A 65-year-old woman
with advanced fibrosis (F3) due
to AIH. On the left, the T1 map
shows the T1 relaxation time
value of 823 ms. Histologic
specimen from liver biopsy is
shown on the right. Reticulin
staining showing portal spaces
widened by fibrosis with portal-
portal and portal-centered septa
emanating and forming nodules

fibrosis, and T1 maps have shown promising results in
differentiating noncirrhotic from cirrhotic patients in
different Child—Pugh stages [28, 38], and in estimating
liver function in both 1.5 T and 3 T MR equipment [38].
Recently, T1 mapping was even shown to be able to stage
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Table 4 Performance of T1 map measurement techniques in predicting fibrosis categories and inflammatory activity

Cutoft* AUC CI95% LL CI95% UP Se Sp PPV NPV
Advanced fibrosis (FO-2 x F3—4)
T1 map (circled ROI RL 1 slice) 638 0.752 0.585 0.919 0.786 0.632 0.611 0.800
T1 map (mean 3 circled ROI 1 slice) 662.7 0.770 0.604 0.936 0.643 0.778 0.692 0.737
T1 map (whole liver 1 slice) 689 0.835 0.696 0.973 0.714 0.842 0.769 0.800
T1 map (whole liver 3 slices) 683.3 0.801 0.650 0.951 0.786 0.737 0.687 0.824
Significant Fibrosis (F 0-1 x F 2—4)
T1 map (circled ROI RL 1 slice) 563 0.809 0.637 0.980 0.957 0.600 0.846 0.857
T1 map (mean 3 circled ROI 1 slice) 584 0.845 0.691 1.000 0.913 0.667 0.875 0.750
T1 map (whole liver 1 slice) 689 0.857 0.719 0.994 0.565 1.000 1.000 0.500
T1 map (whole liver 3 slices) 617 0.857 0.697 1.000 1.000 0.700 0.885 1.000
Inflammatory Activity (PPA 0-1 x PPA 2—4)
T1 map (circled ROI RL 1 slice) 536 0.622 0.333 0.910 1.000 0.333 0.867 1.000
T1 map (mean 3 circled ROI 1 slice) 660.7 0.713 0.523 0.904 0.560 1.000 1.000 0.353
T1 map (whole liver 1 slice) 654 0.763 0.589 0.936 0.654 1.000 1.000 0.400
T1 map (whole liver 3 slices) 683.3 0.699 0.505 0.892 0.615 1.000 1.000 0.375

* cutoff by Youden Index

F, staging of fibrosis (liver biopsy); PPA, periportal/periseptal activity (liver biopsy); AUC, area under the ROC curve; CI, confidence interval;
LL, lower limit; UP, upper limit; Se, sensitivity; Sp, specificity; PPV, positive predictive value; NPV, negative predictive value; ROI, region of

interest

Fig.4 Representative liver
T1map images of patients with
(A) non-advanced fibrosis (F1-
T1: 578 ms) vs. (B) advanced
fibrosis (F4-T1: 851 ms),
showing higher values as
fibrosis progresses. F, fibrosis
stage

T1 mapping

liver fibrosis in a sample with a mix of liver diseases [19].
The diagnostic performance of the uncorrected T1 map
sequence was assessed once in autoimmune hepatitis for
the identification of significant fibrosis (AUC: 0.846), which
was similar compared to clinical fibrosis scores [APRI,
FIB-4, and aspartate-to-alanine aminotransferase ratio
(AAR)], using MRE (magnetic resonance elastography) as
a reference standard [9]. However, there are no studies using
T1 mapping with histopathology as a reference standard in
staging liver fibrosis and inflammation in a specific AIH
setting.

Regarding the assessment of hepatic inflammation using
uncorrected T1 mapping, von Ulmenstein et al. [19] showed
that T1 values were significantly higher in patients with

@ Springer

inflammation (AO vs. A1-2, both p=0.01), with an AUC of
0.72 [19]. The mixed population of patients with different
liver diseases and different classifications of inflammatory
activity and fibrosis, however, which were unified for
statistical analysis, are important limitations of this study.
It should be pointed out that T1 relaxation time
increases in parallel with an increase in extracellular
fluid volume, which is characteristic of fibrosis and
inflammation [39]. In addition, because T1 mapping is a
non-invasive composite biomarker of fibro-inflammation,
it cannot currently measure one independently of the
other [12]. Thus, although high values on T1 mapping do
not imply the presence of both fibrosis and inflammation
simultaneously, future work is underway to improve the
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Fig.5 Two representative cases of different T1 map patterns
in hepatic inflammatory activity. Above, a patient with low
inflammatory activity (PPA 1—images A and B). T1 relaxation
time was 618 ms. Below, a patient with more inflammatory activity
(PPA 3—images C and D). We observed higher T1 relaxation values

Fig.6 Boxplot graphs for T1
mapping (whole live 1 slice)
in the bivariate comparative
analyses, in relation to
histologic inflammation and
fibrosis. It is possible to verify
that there is a significant
difference in the T1 map values
to discriminate between PPA
0-1xPPA 2-4; FO-1 xF2—4;
and FO-2 xF3-4
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of 736 ms. Figures B and D illustrate the histologic inflammatory
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Figure D shows a lymphomonuclear infiltrate with plasma cells and
interface hepatitis
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biomarker so that it can distinguish between fibrosis
and inflammation [12]. However, although we obtained
satisfactory and statistically significant values when
analyzing such variables separately, we were not able
to distinguish fibrosis from liver inflammation based on
T1 maps. This highlights the need to further evaluate the
performance of the uncorrected T1 map in a larger cohort
to validate its utility in a generalized clinical setting.

Another advanced MRI sequence derived from the T1
map that has recently been the subject of much research
is the corrected T1 map. Corrected T1 mapping of the
liver is a commercially available method for quantifying
T1 relaxation, adjusted for the T2* effect, MR system
manufacturer, and field strength [29]. Although there are
still few studies on cT1 in AIH, excellent results have
been found. However, these were limited to the pediatric
population and young adults. Associations between cT1
and histology in pediatric patients showed a significant
positive correlation between cT1 and Kleiner Brunt’s
fibrosis (r=0.38, P=0.001) in 58 patients with ATH
[12] and Metavir fibrosis score (r=0.41, P =0.02) [40]
in 35 AILD cases. Despite the excellent results in the
fibro-inflammatory assessment of the liver in AIH at
baseline and follow-up, the iron-corrected T1 relaxation
maps (cT1) [6, 10—12] are not yet available from major
equipment manufacturers, commercially offered only as
post-processing software (LiverMultiScan™, Diagnostics,
Oxford, UK), making it less accessible, currently
concentrated in the US and few centers in Europe [41].

To date, few studies have addressed the relationship
between T1 mapping and histologic inflammation in ATH,
all limited to cT1 in a specific sample of children and
adolescents [11, 12, 40], most including ASC patients [11,
40]. Positive correlations were found between c¢T1 and
portal (r=0.35-0.41, p<0.001) and lobular inflammation
(r=0.31-0.32, p<0.016) in AILD [11, 12]. Recently,
in 2023, Trout et al. showed a higher correlation of cTl1
values with histologic inflammation (r=0.60 p <0.001).
In addition, the diagnostic performance of cT1 for
discriminating histologic inflammation was evaluated for the
first time, with good results. The AUC for discriminating
HAI scores of 0-3 from scores greater than 3 was 0.87 (95%
CI, 0.74-0.99) for cT1 [40]. Although we did not compare
the uncorrected T1 map with the corrected T1 map, the
results obtained in our study are similar to those recorded
in studies that adopted the cT1 map to differentiate the
degrees of fibrosis and inflammation, suggesting that the two
techniques may be equivalent. Further studies comparing
the two techniques and using histopathology as a reference
standard may confirm this impression.

In our study, native T1 map values were significantly
higher in patients with higher liver histologic inflammation
(PPA 2-3) compared to low inflammation stages (PPA

@ Springer

0-1), (p=0.048). The distinction between these groups has
important clinical value, as histologic activity is essential
for the therapeutic decision to discontinue or maintain
immunosuppression [26]. These results support the idea that
a simple, rapid, non-contrasted sequence may intervene in
clinical decision-making and reduce the need for biopsy.

One of the main reasons for the use of cT1 is that in the
presence of iron overload, T1 values can be influenced by the
effects of iron, which can lead to an inaccurate interpretation
[29] However, in a population of pediatric AIH patients,
an excellent positive correlation was observed between
cT1 and native T1 relaxation times [42]. This relationship
called into question the need for T1 iron correction in this
patient population [42]. In this study, given the strength of
the correlation and the fact that all 50 patients had normal
liver T2* measurements, the authors concluded that T1 iron
correction is probably not needed in pediatric ATH [42].
Again, there was no histologic correlation and significant
systematic bias was reported between native T1 and cT1
measurements, so additional studies are needed before using
uncorrected T1 map and cT1 interchangeably. In this sense,
our study, performed in an adult population of ATH patients
(none of them with iron accumulation according to the MRI
R2* method), endorses the results of such a previous study
carried out in a pediatric population, and this low burden
of iron overload may (at least partially) explain why T1
mapping without iron correction may be so effective in the
specific AIH population. Other alternatives to cT1 in patients
affected by iron overload and steatosis are being currently
studied (e.g., T1 mapping after hepatospecific contrast agent
administration), with promising results [28, 43].

Taking into account the analysis of all T1 map
measurement methods, it could be observed that the T1 map
whole liver had a good performance in discriminating the
fibrosis and inflammation groups. We identified cutoff points
for T1 map to obtain the highest sensitivity and specificity
according to the clinical objective desired: Advanced fibrosis
618.00 ms (MxSE) and 806.00 ms (MxSp); Significant
fibrosis: 592.00 ms (MxSE) and 689.00 ms (MxSp) and
Inflammatory activity 578.00 ms (MxSE) and 654.00 ms
(MxSp).

Comparatively, T1 map values in other studies varied
from 780 to 1100 for advanced and significant fibrosis.
Conversely, the T1 map values for the different inflammation
groups ranged from 780 to 1040 [10, 19, 40].

This study has several limitations. First, only a cross
sectional design was used, with no follow-up of patients
over time. New studies are needed to evaluate T1 mapping
during clinical treatment prospectively. Second, T1 is a
relaxation time dependent on field strength and biased by
factors such as elevated iron concentration and steatosis. cT1
is a ‘corrected’ T1 relaxation time which is also adjusted
for field strength differences, i.e., it corresponds to a T1
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value that would have been measured in the presence of
normal iron concentration on a Siemens Prisma 3 T scanner
[44]; as our study was performed on a 1.5 T MRI machine,
the results are only applicable to similar protocols. Thus,
further studies on 3.0 T machines require validation using
a specific protocol. Third, a relatively small number of AIH
patients were included, but given the rarity of this disease,
this sample is one of the largest in the literature. On the
other hand, we have the advantage of a sample from the
same population of patients, allowing for homogeneity:
all patients undergone histological analysis, performed in
the same center, by the same physician, allowing a reliable
comparison of results with the gold standard method. We
opted for an exclusive analysis by a single experienced
pathologist to ensure homogeneity in the evaluation of the
histological samples. Unfortunately, another limitation was
the inability to perform analysis by two or more different
pathologists because they were unavailable at our institution.
At last, there was not a control group, but there were four
FO patients without inflammation, providing some idea
of normal T1 values in the absence of any evidence of
histopathologic change. Similarly, other studies in which
the T1 map was evaluated in correlation with the biopsy did
not have a control group [19, 40].

In conclusion, our findings suggest that a widely available
MR sequence with an easy measurement technique such
as uncorrected native T1 mapping has good diagnostic
performance in the diagnosis of tissue fibrosis and
inflammation in AIH. These methods have the potential
to be valuable in monitoring inflammatory activity and
fibrosis stage in a non-invasive manner. However, because
of the difficulty in currently distinguishing fibrosis from
hepatic inflammation using such a technique, future studies
should address the issue, perhaps through the development
of composite fibro-inflammatory histopathological and
imaging scores with clinical validation, the combination
of other outcome biomarkers (clinical or laboratory) with
radiological ones, and, as part of this multiparametric MRI
approach of the liver, the use of additional sequences such
as T2 mapping.
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