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Abstract: (1) Background: pathological changes in hepatic Langerhans cell histiocytosis (LCH)
have been observed; however, corresponding imaging findings can appear vague to physicians
and radiologists. The present study aimed to comprehensively illustrate the imaging findings of
hepatic LCH and to investigate the evolution of LCH-associated lesions. (2) Methods: LCH patients
with liver involvement treated at our institution were retrospectively reviewed along with prior
studies in PubMed. Initial and follow-up computed tomography (CT) and magnetic resonance
imaging (MRI) were systematically reviewed, and three imaging phenotypes were created based
on the lesion distribution pattern. Clinical features and prognoses were compared among the three
phenotypes. Liver fibrosis was evaluated visually on T2-weighted imaging (T2WI) and diffusion-
weighted imaging (DWI), and apparent diffusion coefficient (ADC) values of the fibrotic areas were
measured. Descriptive statistics and a comparative analysis were used to analyze the data. (3) Results:
based on the lesion distribution pattern on CT/MRI scans, patients with liver involvement were
categorized as the disseminated lesion phenotype, scattered lesion phenotype, and central periportal
lesion phenotype. Patients with scattered lesion phenotype were typically adults, and only a few of
them had hepatomegaly (npresent = 1, 1/6, 16.7%) and liver biochemical abnormalities (npresent = 2,
2/6, 33.3%); patients with central periportal lesion phenotype were typically young children, and
hepatomegaly and biochemical abnormalities were more apparent in these patients than those with
another phenotype; and those with the disseminated lesion phenotype were found in all age groups,
and the lesions evolved rapidly on medical imaging. Follow-up MRI scans show more details and
can better document the evolution of lesions than CT. T2-hypointense fibrotic changes, including
the periportal halo sign (npresent = 2, 2/9, 22.2%), patchy liver parenchyma changes (npresent = 6, 6/9,
66.7%), and giant hepatic nodules close to the central portal vein (npresent = 1, 1/9, 11.1%), were
found, while fibrotic changes were not observed in patients with the scattered lesion phenotype. The
mean ADC value for the area of liver fibrosis in each patient was lower than the optimal cutoff for
significant fibrosis (METAVIR Fibrosis Stage > 2) in a previous study that assessed liver fibrosis in
chronic viral hepatitis. (4) Conclusions: The infiltrative lesions and liver fibrosis of hepatic LCH can
be well characterized on MRI scans with DWI. The evolution of these lesions was well demonstrated
on follow-up MRI scans.

Keywords: Langerhans cell histiocytosis; liver involvement; evolution; magnetic resonance imaging;
imaging phenotypes; evaluation

1. Introduction

Langerhans cell histiocytosis (LCH) is a rare inflammatory and myeloproliferative
neoplasm characterized by the proliferation and accumulation of histiocytes that express
CDl1a, Langerin (CD207"), and S-100 proteins [1,2]. These histiocytes may infiltrate any
bodily organ or system. In children (<15 years) and adult (>15 years) patients, the annual
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incidence is approximately 5-9/10° and 1/10°, respectively [3]. The natural progression
of liver involvement is divided into two stages, early infiltration of histiocytes and late
fibrosis [4], and early liver fibrosis may be reversible [5]. As one of the at-risk organs, liver
involvement is related to a poor prognosis [6,7] since hepatic LCH may result in secondary
sclerosing cholangitis (SC) and even liver function failure. Transplantation may be needed
at late stage [2].

The early diagnosis of LCH can aid in appropriate therapy [8]. Computed tomography
(CT) and magnetic resonance imaging (MRI) findings correlate with various histological
stages of LCH lesions [9,10]. At present, the main sources of evidence regarding liver involve-
ment are case reports and small case series limited to adults [4,11-23] or children [9,24-29].
Periportal abnormalities and parenchymal lesions have been reported separately in most
cases, and there is a lack of comprehensive summary of imaging findings. Previous studies
described the fibrotic stage of liver involvement as intrahepatic bile duct stenosis and
dilatation on magnetic resonance cholangiopancreatography (MRCP), in addition to the
nodule-like appearance seen in advanced liver cirrhosis [10,27]. In a few case reports,
T2-hypointense fibrosis in the liver parenchyma has been reported [11,28]. To date, a
comprehensive interpretation of MRI findings of histiocyte infiltration and liver fibrosis
has not been published.

A liver biopsy is considered the gold standard for assessing liver fibrosis [30]. As an
invasive exam, it has several limitations, including sample variability, observer variability,
and possible complications, and is, therefore, not an ideal tool for screening, long-term
follow-up, or the evaluation of treatment responses [31,32]. Diffusion-weighted imaging
(DWI) is widely used to detect and characterize focal and diffuse liver lesions [33,34].
Previous studies have revealed the feasibility of using DWI in the fibrosis staging and
follow-up of patients with liver fibrosis [35,36]. In this regard, DWI is utilized to evaluate
primary cholangitis fibrosis [37] and chronic viral hepatitis liver fibrosis [38]. As of yet,
DWT has not been utilized in the evaluation of hepatic LCH.

The present study retrospectively analyzed the clinical and imaging data of patients
treated at Tongji Hospital of Huazhong University of Science and Technology, and com-
pared them with prior studies, which was aimed to document different image phenotypes
and the evolution of hepatic LCH, and preliminarily evaluated late fibrosis using DWI.

2. Materials and Methods
2.1. Patients

The local institutional review board approved this study (No. TJ-IRB20221208) and in-
formed consent was waived for the study’s retrospective nature. A thorough and systematic
review of medical records of patients at our institution with pathologically confirmed LCH
was performed for cases between January 2014 and July 2022. The inclusion criteria were as
follows: (1) the diagnosis of LCH was confirmed by surgery or biopsy pathology (positive
CD1a and/or CD207 (Langerin) histiocytes) [1,7]; (2) liver involvement was defined as one
or more of the following (based on the guidelines derived from the Euro-Histio-Net project
2012 edition for pediatric patients and 2013 edition for adult patients): abnormal liver bio-
chemistry (total protein, albumin, bilirubin, alanine transaminase aminotransferase (ALT),
aspartate transaminase (AST), alkaline phosphatase (AP), y-glutamyl transferase (yGT));
unexplained liver enlargement; or abnormal intrahepatic lesions revealed by ultrasound
(US), CT, MR, and positron emission tomography-CT (PET-CT)) [6,7]. The exclusion criteria
were as follows: (1) patients without relevant liver CT or MR scans; (2) patients with normal
abdominal CT or MRI (images were assessed jointly by two senior abdominal radiologists);
and (3) critical clinical data used to evaluate liver involvement were unavailable.

Additionally, we conducted a thorough and systematic review of PubMed for studies
published in English between January 1992 and October 2022. The search was performed
using the primary search terms “hepatic Langerhans cell histiocytosis” and “Langerhans
cell histiocytosis, liver involvement”. Cases of liver involvement with descriptions of
CT/MRI findings were included in the reference group. A comparative analysis of the
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clinical features between the present study and the reference group was performed. Cases
with lesions illustrated by relevant CT/MRI images in the literatures were analyzed as well.
As such, the numbers of patients from present group, reference group, and the combined
numbers were recorded as Npresent, Nreferences AN Neombined:

2.2. CT and MRI Examinations

Patients at our institution underwent routine medical imaging scans of the abdomen,
including non-contrast CT, dynamic contrast-enhanced CT (CECT), MRCP, unenhanced
MRI (routine T1-, and axial and coronal T2-weighted images), DWI with corresponding
apparent diffusion coefficient (ADC) maps, and dynamic contrast-enhanced (DCE) MRL
Examinations were performed using three CT (LightSpeed16, GE, USA; Aquilion ONE,
TOSHIBA, Tokyo, Japan; Aquilion PRIME, TOSHIBA, Tokyo, Japan) and four MRI scanners
(1.5 T Signa Excite, GE, USA; 1.5 T Optima MR360, GE, USA; 3.0 T Discovery MR750, GE,
USA; 3 T MAGNETOM Skyra, Siemens, Munich, Germany).

DCE-MRI was not utilized with children; the optimal CT protocol utilized with chil-
dren was based on age and weight. Radiation doses were below the weight-specific
diagnostic reference levels (DRLs) recommended in Radiation Protection No. 185 [39].

2.3. Image Analysis

The CT and MRI data from the first through last follow-up were reviewed by two
abdominal radiologists (with more than 10 years of clinical CT and MRI experience). They
were aware of the purpose of the present study but were blinded to the clinical data. The
two radiologists separately analyzed the images from the present study group, and the
images illustrated in figures from the reference group. If there were any inconsistencies in
the analysis, a consensus was reached after consultation with each other. The following
were the primary analytical contents considered: (1) the range of liver lesions, including
periportal abnormalities and parenchymal lesions [26]; (2) density/signal intensity, margin,
morphology, enhancement pattern, and enhancement degree of the liver lesions; (3) abnor-
malities of the intrahepatic bile duct; (4) evolution of liver lesions during follow-up; and
(5) evidence of fibrosis, which included conspicuous hypointense abnormalities on non-
enhanced images that appeared patchy, nodular, or confluent, distributed diffusely in the
liver or centered around the portal tracts [11,28,40]. The ADC measurements were obtained
from the ADC maps from the final follow-up with b-values of 1000 s/mm?. Following
Charatcharoenwitthaya et al. [38], three circular regions of interest (ROIs) (20 + 5 mm?)
were manually positioned on the hypointense area by each radiologist, respectively. ROls
were also placed on areas based on color hue corresponding to the reduced ADCs in pa-
tients without fibrotic changes, which served as controls (all ROIs should be placed on the
right lobe to avoid early infiltration lesions, central major vessels and artifacts [41]). The
intra-reader agreement was assessed with the original measurement, and ADC values of
six ROIs were averaged for the final ADC value for each subject.

2.4. Statistical Analysis

Descriptive statistics were used to analyze the clinical and imaging data. Available or
missing data from the patients in the present study group were checked, and the available
data from all of the reference patients were also included in the analysis. The results are
presented as mean =+ standard deviation (SD), range, and percentage. Pearson’s chi-square
test, Fisher’s exact test, or independent samples t-test were used as appropriate to compare
the basic characteristics and imaging signs. The intraclass correlation coefficient (ICC) was
used to assess the intra-reader agreement of the ADC measurements. All statistical analyses
were performed using SPSS (version 25.0).
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3. Results
3.1. Patients and Clinical Characteristics

Twenty LCH patients with liver involvement were enrolled in the present study
(Figure 1). Among them, 18 patients underwent CT and 15 underwent MRI. Patients
(Npresent = 12) with follow-up MRI scans were longitudinally reviewed to assess lesion
evolution. Patients underwent CT/MRI because of suspected liver involvement from US
or PET/CT imaging, or liver biochemical abnormalities. Detailed imaging examinations
are listed in Table S1.
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Figure 1. Flow-chart of the study population, following the PRISMA format. * Among the 67 patients
in the reference group, data regarding hepatomegaly, liver biochemical abnormalities, and LCH
stratification were available in 47 cases, 53 cases and 61 cases, respectively. The lack of relevant data
was not included in the detailed comparisons.

For comparison with the present study group, 24 articles with 67 patients with com-
paratively eligible data were enrolled in the reference group [4,9,11-29,42-44] (Figure 1).
Due to missing data in the reference group, available data on hepatomegaly (Nyeference = 47,
Neombined = 67), biochemical liver abnormalities (Nyeference = 93, Neombined = 73), and stratifi-
cation (Nyeference = 61, Neombined = 81) were analyzed separately. In previous studies, patients
underwent CT, MRI, US, and PET/CT. The imaging modalities and sequences obtained
among patients were not uniform (Table S2). Among the 28 patients whose CT/MRI
scans were illustrated in prior articles, 24 had infiltrative lesions, and 5 had fibrotic signs
demonstrated with images (Table S2).

The clinical features of the two groups are listed in Table 1. Overall, no significant
differences in clinical characteristics were observed between the two groups. Combining
the two groups of data, isolated liver involvement was found to be rare (Ncompined = 3/81,
3.7%), and the majority of patients had multisystem LCH (n¢ompined = 78/81, 96.3%); there
were more adult patients (Neompined = 52/87, 59.8%) with liver involvement than pediatric
patients (Neombined = 35/87, 40.2%). The male-to-female ratio was 1.7:1. Not all patients with
abnormalities detected on CT or MRI scans presented with obvious clinical manifestations;
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hepatomegaly and liver biochemical abnormalities were absent in 25 (N¢ombined = 25/67,
37.3%) and 19 (Neombined = 19/73, 26%) patients, respectively.

Table 1. Basic characteristics of enrolled patients from both groups.

Scattered Disseminated Cefntral
Reference Present Lesion Type  Lesion Type Periportal
Characteristics Combined®  p-Value 1P R C . M . M Lesion Type  p-Value 2 4
eported Study in Present in Present .
Study Study in Present
Study
Number of patients 87 67 20 6 8 6
Sex, n (%) 0.851 1.000
Male 55 (63.2) 42 (62.7) 13 (65) 4(66.7) 5 (62.5) 4(66.7)
Female 32 (36.8) 25 (37.3) 7 (35) 2(33.3) 3(37.5) 2(33.3)
r‘?%;o)at diagnosis, 0.620 <0.001 *
>15Y 52 (59.8) 41 (61.2) 11 (55) 6 (100) 5 (62.5) 0
<15Y 35 (40.2) 26 (38.8) 9 (45) 0 3(37.5) 6 (100)
Mean £ 5D, NA NA 1954165  36.8+84 19.7 +12.9 18404
(Years)
Range, (Years) NA NA 1.1~53 29~53 1.1~39 1.2~25
Liver involvement, / /
n(%)
At baseline NA NA 18 (90) 4(66.7) 8 (100) 6 (100)
NA NA NA 2 (10) 2(33.3) 0 0
E?lgjt"m“’galyf 42 (62.7) 0.798 29(61.7)¢  13(65.0) 1(16.7) 7 (87.5) 5(83.3) 0.019 *
Liver biochemical
abnormalities, 54 (74.0) 0.471 38 (71.7) £ 16 (80.0) 2(33.3) 8 (100.0) 6 (100.0) 0.006 *
n (o/o)
Stratification, n (%) 1.000 1.000
MS-LCH 78 (96.3) 59 (96.7) & 19 (95) 6 (100) 7 (87.5) 6 (100)
SS-LCH 3(3.7) 2(3.3) 1(5) 0 1(12.5) 0
Other organ, n (%) / 0.004 *
Bones NA NA 10 (50) 5 (83.3) 2 (25) 3 (50)
Lung NA NA 8 (40) 2(33.3) 5 (62.5) 1(16.7)
Skin NA NA 8 (40) 0 3(37.5) 5(83.3)
Lymph node NA NA 4(20) 1(16.7) 0 3 (50)
pituitary NA NA 6 (30) 1(16.7) 5 (62.5) 0
Thymus NA NA 1(5) 0 1(12.5) 0
Thyroid NA NA 3 (15) 1(16.7) 2 (25) 0
bone marrow NA NA 2 (10) 0 1(12.5) 1(16.7)
Mucosa NA NA 3(15) 0 0 3 (50)
Nervous system NA NA 2 (10) 1(16.7) 1(12.5) 0
Ear NA NA 2 (10) 0 0 2(33.3)
Genitalia NA NA 1(5) 0 1(12.5) 0
Spleen NA NA 3 (15) 0 1(12.5) 2(33.3)

2 The sum of cases from the reference group and present study group for each item. P p value of comparison
between the reference group and present study group. © A total of 24 articles with 67 patients enrolled in
the reference group. 9 p value of comparison between three types of patients in the present study group.
¢ Data of hepatomegaly were available in 47 cases from the reference group. Combined cases from two groups
(Neombined = 67). f Data of liver biochemical abnormalities were available in 53 cases from the reference group.
Combined cases from two groups (Neombined = 73)- & Data of stratification were available in 61 cases from the
reference group. Combined cases from two groups (Ncompined = 81). “/”, defined as the relative comparison
was not done. * A p value of <0.05 indicates a significant difference. MS-LCH: multisystem LCH; SS-LCH:
single-system LCH; NA: not available.

3.2. Image Phenotypes Based on Lesion Distribution

The following three image phenotypes were created based on lesion distribution
and morphology (Figure 2): the disseminated lesion phenotype (npresent = 8, 8/20, 40%);
scattered lesion phenotype (Npresent = 6, 6/20, 30%); and central periportal lesion pheno-
type (npresent =6, 6/20, 30%). The disseminated lesion phenotype (Figures 3 and S1) is
characterized by multiple irregular, patchy, and roundish (size varies, small lesions can be
miliary) lesions diffusely distributed throughout the liver parenchyma and portal tracts;
the scattered lesion phenotype (Figure S2) is characterized by several (<15) focal lesions
of the liver parenchyma randomly scattered without periportal abnormality; and the cen-
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tral periportal lesion phenotype (Figure 4) is characterized by irregular periportal space
widening (parenchymal lesions were not found).

Three image phenotypes of liver involvement

Scattered lesion type

. Thick-wall
SR | cystlike
lesion

Thin-wall
~ cystlike
lesion

Disseminated lesion type

Central periportal lesion type

Three patterns of hepaticfibrosis

444

periportal patchy liver giant hepatic nodule close
halo sign parenchyma changes to the central portal vein

Figure 2. Schematic diagram demonstrating the image phenotypes of liver involvement with exam-
ples of cyst-like lesion and three patterns of hepatic fibrosis on T2-weighted imaging (T2WI)/diffusion-
weighted imaging (DWI).

T, AX T2, AX CT, AX

Figure 3. Imaging features of the disseminated lesion phenotype. A 14-year-old male teenager
presented with intermittent abdominal pain for four months. The patient was diagnosed with single-
system LCH (SS-LCH). Miliary and patchy lesions with cyst-like lesions among them distributed
diffusely in the liver parenchyma and portal tract area. Based on this, he was classified as having a
disseminated lesion phenotype. MRI images (A,B) revealed more details of the lesions than the CT
images (C). T1, AX: Axial T1—weighted image; T2, AX: Axial T2—weighted image; CT, AX: Axial
CT image.
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Baseline

4 months
follow-up

1.5 years
follow-up

Figure 4. Imaging features of the central periportal lesion phenotype. A 12-month-old male infant
presented with elevated liver enzyme levels. The patient was diagnosed with multisystem LCH
(MS-LCH). MRI scans illustrate the evolution of the central periportal lesion phenotype that the
periportal abnormal signal intensity gradually resolved, and patchy fibrotic hypointensity increased
on T2WI. On initial MRI scans (A-C), slight periportal hypointense on TIWI and slight periportal
hyperintense on T2WI corresponded to histiocytic infiltration and surrounding edema. Four months
later (D-F), the wide periportal lesions disappeared, and the signal intensity decreased on T2WI.
Patchy parenchymal hypointensity around periportal lesions related to fibrosis can be observed.
Follow-up images after 1.5 years (G-I) show distorted portal tracts and distinct, markedly patchy
hypointensity on T2WI. Coronal images (C,F,I) reveal the progression of signs of fibrosis more
clearly. T1, AX: Axial T1—weighted image; T2, AX: Axial T2—weighted image; T2, COR: Coronal
T2—weighted image.

Liver biopsy was performed in seven patients, pathological images of three patients
(classified into the three image phenotypes, respectively) were available (Table S3). Based
on morphological changes and lesion distribution, the pathological findings of the three
patients were consistent with the image phenotype.

The basic characteristics of patients in the present study, along with the three phe-
notypes, are summarized in Table 1. Additionally, a comparison of the major liver bio-
chemical indicators among the phenotypes is listed in Table 2. There was a statistically
significant difference in the distribution of age of onset among the three phenotypes of
patients (Figure S3). The patient age of the disseminated lesion phenotype had a wider
zone (19.7 £12.9'Y, range 1.3-39 Y). The central periportal lesion phenotype was observed
in children (1.8 4= 0.4 Y). The scattered lesion phenotype was found in adults (36.8 &= 8.4 Y).
Hepatomegaly (npresent = 1, 1/6, 16.7%) and liver biochemical abnormalities (npresent = 2,
2/6, 33.3%) were found in only a few patients with scattered lesion phenotype. Statistical
differences were found in the biochemical indicators (YyGT /AP, ALT/AST, and bilirubin)
among the three phenotypes in the present study group (Table 2). Biochemical abnor-
malities in the central periportal lesion phenotype were more frequent than in the other
two phenotypes, even though significant differences in biochemical indicators (YGT/ AP,
p =0.002; ALT/AST, p = 0.009; bilirubin, p = 0.015) were only found between the central
periportal lesion phenotype and scattered lesion phenotypes after multiple comparisons.
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Most patients had multisystem LCH, while only one (npresent = 1, 1/20, 5%) had isolated
liver involvement, and presented as the disseminated lesion phenotype on images.

Table 2. Liver biochemical results of enrolled patients from the present study group.

Scattered Lesion Disseminated Central Periportal

Liver Biochemical Results Phenotype Lesion Phenotype  Lesion Phenotype p-Value
Number of patients 6 8 6
vGT, AP <0.001 *
Normal 4 0 0
vGT increased <2 times normal/AP increased
. 2 2 0
<1.5 times normal
vGT increased >2 times normal/ AP increased
. 0 6 6
>1.5 times normal
ALT, AST 0.025 *
Normal 5 2 0
ALT/AST increased <3 times normal 1 4 1
3 times normal <ALT/AST increased <5 times 0 1 2
normal
ALT/AST increased >5 times normal 0 1 3
Albumin 0.066
Normal 6 6
Hypoalbuminemia >30 g/dl 0 2 4
Hypoalbuminemia <30 g/dl 0 0 0
Bilirubin 0.01*
Normal 6 6 1
Hyperbilirubinemia <3 times normal 0 1 4
3 times normal < hyperbilirubinemia 0 1 0
<5 times normal
Hyperbilirubinemia >5 times normal 0 0 1

Note: the liver biochemistry was graded based on the guidelines derived from the Euro-Histio-Net project [7].
* A p value of <0.05 indicates a significant difference.

In the reference group, clinical cases (Nyeference = 24) With lesions demonstrated by
imaging figures were analyzed and classified into the three phenotypes. Compared with
the present study group, no significant differences of patient age were observed (Figure S3).
Combining the data of both groups (Ncombined = 44), the disseminated lesion phenotype
was found in all ages, while the central periportal lesion phenotype was typically seen
in young children, and the scattered lesion phenotype was typically found in adults; two
patients (Neombined = 2, 2/44, 4.5%) were single-system LCH (SS-LCH) and both presented
as a disseminated lesion type.

3.3. Detailed Imaging Findings and Evolution of Lesions
3.3.1. Parenchymal Lesions

On CT/MRI scans of 20 patients in the present study group, parenchymal lesions were
observed in 14 (14/20, 70%), including the scattered lesion phenotype (npresent = 6, 6/20,
30%) and the disseminated lesion phenotype (Npresent = 8, 8 /20, 40%). No parenchymal
lesions were found in the central periportal lesion phenotype. Irregular or roundish
parenchymal lesions included patchy and miliary (npresent = 10, 10/20, 50%) as well as cyst-
like (Npresent = 14, 14/20, 70%) abnormal signal /density lesions of varying sizes (Table S1).
Patchy and miliary lesions with blurred edges showed slightly low signal intensity on TIWI,
slightly high signal intensity on T2WI, low density on CT, slightly high signal intensity on
DWI, and mild to moderate enhancement. Cyst-like lesions can be divided into thick- and
thin-walled on MRI scans, and their detailed characteristics are shown in Figures 2 and S1.
CT is limited in the detection and characterization of small lesions and subtle changes
(Figure 3).

e  Evolution of parenchymal lesions in eight patients with multiple MRI scans
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MRI scans were analyzed to reveal lesion evolution as an advantage for the better
characterization of small lesions and subtle changes. The imaging findings of the initial and
final MRI scans are listed in Table S4. On initial MRI scans, patchy and miliary lesions were
identified in six patients (6/8, 75%), and cyst-like lesions were identified in six patients
(6/8, 75%), including thick- (5/8, 62.5%) and thin-walled cyst-like lesions (3/8, 37.5%).

On the final MRI scans, patchy and miliary lesions were identified in one patient (1/8,
12.5%), and cyst-like lesions were identified in six patients (6/8, 75%), including thick- (2/8,
25%) and thin-walled cyst-like lesions (6/8, 75%). Patchy and miliary lesions regressed
until they disappeared, and thick-walled cyst-like lesions disappeared or transformed
into thin-walled cysts. Overall, the lesions of the eight patients showed regression or
complete resolution.

Intermediate multiple follow-up scans illustrated subtle changes: thick-walled cysts
that developed from patchy and miliary lesions were observed in six patients (6/8, 75%);
enlarged and increased patchy and miliary lesions with blurred edges can be observed in a
patient whose condition temporarily progressed during initial systemic chemotherapy (the
patient’s condition improved after the chemotherapeutic agents were modified).

3.3.2. Periportal Abnormalities

On the CT/MRI scans of 20 patients in the present study group, periportal abnor-
malities were observed in 14 patients (Table S1). The central periportal lesion phenotype
(Npresent = 6, 6/20, 30%) with band-like periportal space widening presented as slightly
hypointense on TIWI, hypo- to slightly hyperintense on T2WI, slightly low density on
CT, and mild-to-moderate enhancement on enhanced sequences. Disseminated lesions
(Npresent = 8, 8/20, 40%) had slightly irregular periportal space widening with periportal
patchy or miliary lesions. Periportal abnormalities were not observed in the scattered lesion
phenotype. MRI provided better details of lesions and follow-up changes than CT.

e  Evolution of periportal lesions in eight patients with multiple MRI scans

For the disseminated lesion phenotype (Npresent = 4, 4/8, 50%), the evolution of peri-
portal patchy or miliary lesions was the same as that of liver parenchymal lesions.

For the central periportal lesion phenotype (npresent = 4, 4/8, 50%), initial scans re-
vealed slight periportal hyperintensity in two patients (2/8, 25%) or mixed hypo- and
hyperintensity in two patients (2/8, 25%) on T2WI/DWI. On follow-up MRI scans, the
regression of lesions, in which the thickness of periportal abnormality contracted and signal
intensity decreased on T2WI/DWI, was revealed in two patients (2/8, 25%) (Figure 4). The
lesions remained stable in the other two patients.

3.3.3. Hepatic Fibrosis and Other Imaging Findings

Reviewing all imaging data of each patient in the present study group, some of the
accompanying imaging findings are shown in Table 3.

Among the 15 patients who underwent MRI examination, hypointense changes on
T2WI/DWI were observed in 9 patients (9/15, 60%). The manifestations appeared in three
patterns (Figures 2 and S4): periportal halo sign (npresent = 2, 2/9, 22.2%), patchy liver
parenchyma changes (Npresent = 6, 6/9, 66.7%), and giant hepatic nodules close to the central
portal vein (Npresent = 1, 1/9, 11.1%). Among the nine patients with T2ZWI/DWT hypo-signal
changes on behalf of hepatic fibrosis, six (6/9, 66.7%) developed from the central periportal
lesion phenotype and the other three (3/9, 33.3%) developed from the disseminated lesion
phenotype; however, T2ZWI/DWI hypo-signal changes were not observed in the scattered
lesion phenotype. All nine patients presented with compression deformation of the central
portal tracts and sparse peripheral portal tracts.

The mean ROI-ADC value of each patient with the hypointense changes on T2ZWI/DWI
was less than 1.04 x 1073 s/mm?, the optimal cutoff for significant fibrosis (METAVIR
Fibrosis Stage > 2) reported by a previous study using DWI to assess liver fibrosis in
chronic viral hepatitis [38]. The mean ROI-ADC value per patient without this sign as a
control was greater than 1.04 x 1073 s/mm? (ICC = 0.60) (Table S5).
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Table 3. Other accompanied imaging signs of three imaging phenotypes.

Accompanied Imaging Signs All Scattered Lesion Disseminated Central Periportal p Value ®
Patients Type Lesion Type Lesion Type
Number of patients 20 6 8 6
T2/DWTI hypointense, n (%) 0.019 *
Periportal halo sign 2 (13) 0 0 2 (33.3)
Giant, central nodular fibrosis 1(6.7) 0 0 1(16.7)
Patchy fibrosis 6 (40) 0 3 (60) 3 (50)
NA? 5(25) 2(33.3) 3(37.5) 0
Hepatic surface, n (%) 0.035 *
Smooth 17 (85) 6 (100) 8 (100) 3 (50)
Nodular 3 (15) 0 0 3 (50)
Hepatomegaly, n (%) 13 (65) 1(16.7) 7 (87.5) 5 (83.3) 0.019 *
Splenomegaly, n (%) 12 (60) 1(16.7) 6 (75) 5(83.3) 0.053
Enlarged lymph Nodes, n (%) 11 (55) 0 7 (87.5) 4 (66.7) 0.005 *

2 Five patients did not undergo MRI scan, so the T2/DWI signal intensity were not available, so they were
not counted into percentages. P The accompanied imaging signs, including T2/DWI hypointense, hepatic
surface, hepatomegaly, splenomegaly, and enlarged lymph nodes were compared among patients with three
imaging phenotypes and relevant p values in the same row. * A p value of <0.05 indicates a significant difference.
NA: not available.

Among the 20 patients in the present group, 13 (13/20, 65%) had hepatomegaly, 12 (12/20,
60%) had splenomegaly, and 11 (11/20, 55%) had hilar lymphadenopathy. Signal loss was
displayed on out-of-phase images compared to in-phase images in six (nNpresent = 6/10, 60%)
patients. Significant differences in hepatomegaly and hilar lymphadenopathy were observed
among the three imaging phenotypes in the present study group.

In reference group (Table S2), only five cases with fibrotic signs were described,
including patchy liver parenchyma changes (Nyeference = 2) and the periportal halo sign

(nreference = 3) .

4. Discussion

According to previous reports about imaging characteristics of hepatic LCH, the lesions
are mainly divided into liver parenchyma and periportal abnormalities [4,26]. The majority
of the descriptions of the imaging findings regarding histological stages depend on the CT
density and MRI signal intensity (hypo- or hyperdense/signal intensity) [40]. Currently,
imaging studies lack comparisons between adults and children, as well as a thorough
investigation of imaging characteristics. The present study included both pediatric and
adult patients with hepatic LCH. Initial CT/MRI scans were cross-sectionally analyzed, and
follow-up examinations were longitudinally reviewed. In the present study, TIWI, T2WI,
and DWI scans sufficiently illustrated liver lesions at various histological stages. Early
proliferation presented as patchy and miliary lesions with blurred edges and slightly high
signal intensities on T2WI/DWI. Granulomatous lesions tended to be cyst-like, rather than
solid, on CT/MRI scans. The present study also focused on the evolution of lesions on MRI
scans. Cyst-like lesions developed among patchy and miliary lesions; transformation from
thick- to thin-walled cysts was associated with granulomatous regression; the regression
of the periportal lesion is marked by decreased signal intensity and contracted periportal
abnormality area. To sum up, the increase or decrease of lesions as well as the regression
and transformation of lesions detected by MRI suggest that MRI can be applicable for the
evaluation of treatment response and lesion activity during follow-up. Three manifestations
of hypointense fibrosis on T2ZWI/DWI were summarized. In the present study, hepatic LCH
was divided into three image phenotypes based on the distribution and morphology of the
lesions seen on CT/MRI images. Differences in patient age, clinical features, and fibrosis
were observed among the three types. We believe that this classification corresponds to the
different clinical patterns of liver involvement.

In addition to the analysis of cases from our institution, hepatic LCH cases from the
relevant literature were also reviewed in the present study. No significant differences in
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basic characteristics were observed between the two groups (Table 1). In present study,
there were more adult patients with liver involvement than pediatric patients. Since our
institution is a large tertiary referral center in central China, pediatric cases in our institution
are relatively incomplete, and the patient’s condition is more severe. The exact incidence
of LCH in adults has not been reported [3]. Some studies believe that hepatic LCH in
adults is very rare [45]. Perhaps due to a lack of awareness of liver involvement, the
incidence of hepatic LCH is underestimated. Although hepatomegaly, liver biochemical
abnormalities, and hepatic nodular abnormalities on images are recommended as criteria
for liver involvement in guidelines derived from the Euro-Histio-Net project (2012 edition
for pediatric patients and 2013 edition for adult patients) [6,7], hepatomegaly and liver
biochemical abnormalities were absent in 37.3% and 26% of patients when combining both
groups, respectively. For all patients whose initial medical information was available in the
present study group, liver abnormalities were found on imaging scans at the initial visit.
Li et al. [45] speculated that the liver may be involved earlier than other systems; therefore,
improving the understanding of the imaging features of hepatic LCH is helpful in detecting
it when clinical symptoms are absent.

4.1. Differences among the Three Imaging Phenotypes: Patient Age, Clinical Feature, and Fibrosis

Cases from both groups (Npresent = 20, Nreference = 24, Ncombined = 44) were classified
into three types based on the distribution and morphology of the lesions on CT/MRI
scans (Tables 1 and S2). Based on morphological changes and lesion distribution, the
pathological findings of the three patients were consistent with the image phenotype.
Due to the limitation of fine needle puncture, biopsy cannot assess whole liver as MRI
can. The three image phenotypes revealed differences in patient age, clinical features,
fibrosis, and other imaging findings (hepatomegaly and hilar lymphadenopathy), which
helped radiologists and clinicians deepen their understanding of different patterns of liver
involvement. Considering that patients may delay seeking medical care, we recommend
using the imaging classification of patients as a reference for the initial liver assessment.

e  Central periportal lesion phenotype

The central periportal lesion phenotype (npresent = 6, Nreference = 14/ Neombined = 20) was
characterized by periportal abnormal density/signal intensity without parenchymal lesions.
This may reflect different types of infiltration patterns for histocytes or may be related to
the small number of cases in this study. This phenotype was observed in young children in
both groups. Biochemical abnormalities of this type were more apparent than those of the
other two types in the present study. Initial imaging examination of cases of this phenotype
revealed that the lesion was distributed along the portal vein. On follow-up images in
the present study;, all six patients (6/6, 100%) eventually developed hypointense areas on
T2WI/DWI related to liver fibrosis, including the periportal halo sign (npresent = 2, 2/6,
33.3%), giant, central nodular fibrosis (npresent = 1, 1/6, 16.7%), and patchy parenchymal
fibrosis (npresent = 3, 3/6, 50%). A previous clinicopathological study of 20 hepatic LCH
patients described this phenotype as an expansion of the portal triads corresponding to
variable degrees of portal triaditis, but the parenchyma was normal [46]. Similar findings
have been described in the past based on early case reports [9,25-29,42,44].

e Disseminated lesion phenotype

The lesions of disseminated lesion phenotype (Npresent = 8, Nreference = 9, Ncombined = 17)
were diffusely distributed in the liver parenchyma and portal tracts, and periportal space
widening was relatively mild. This phenotype was found in children, adolescents, and
adults in both the groups. Lesions can change rapidly on follow-up images. Various histo-
logical phases can simultaneously exist. Accompanied by resolution of the lesion, patchy
fibrotic hypointensity was observed (npresent = 3, 3/8, 37.5%). Heyn et al. [46] described
this phenotype from a pathological view that eosinophilic granulomas are distributed
throughout the liver parenchyma and portal tracts. Similar cases have been reported in the
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past, with relatively limited description of imaging findings, lack of long-term follow-up
studies of patients, and description of fibrotic signs [4,13-18,24,26].

e  Scattered lesion phenotype

The scattered lesion phenotype (Npresent = 6, 6/20, 30%) is characterized by several
scattered lesions (generally < 15) in the liver parenchyma, which were found in adults.
Hepatomegaly and biochemical liver abnormalities were mild or non-existent, and this
phenotype developed slowly on follow-up imaging. No fibrotic signs were observed in
this phenotype. Mampaey et al. [12] reported a case similar to present study. There are few
reports of this phenotype because normal laboratory tests and asymptomatic tests make it
easy to miss.

4.2. Evolution of Lesions

The interpretation of imaging data implicates four histological phases of hepatic LCH:
proliferative, granulomatous, xanthomatous, and fibrous phase.

The proliferative and granulomatous phases are characterized by histiocyte infiltra-
tion, inflammation, and edema, with lesions clustered in the portal tracts and lobules. A
previous report described imaging findings at this stage as periportal hypodensity on CT,
hypointensity on TIWI and hyperintensity on T2WI, and mild enhancement on enhanced
sequences. The decrease in signal intensity on T2WI is related to transformation to the
fibrous phase [10].

In the present study, in addition to periportal abnormal signal intensity (Figure 4), patchy,
miliary, and cyst-like lesions of the liver parenchyma were observed (Figures 2, 3, S1 and S2).
Proliferative lesions are patchy or miliary, with blurred edges and slightly high signal
intensity on T2WI/DWL

As the lesions progress to the granulomatous stage, granulomas form. Cyst-like le-
sions on the images were confirmed to be granulomas with peripheral Langerhans cells
and central eosinophils [26]. Follow-up MRI examinations in present study demonstrated
the evolution of lesions: thick-wall cyst-like lesions developed from patchy and miliary
lesions, accompanied by the patchy and miliary lesions regressing and disappearing grad-
ually. Pathologically, cyst-like lesions were found on MRI scans corresponding to the
stage when granulomatous lesions had formed. The regression of the thick-wall cyst-like
lesions included their transformation into thin-walled cyst-like lesions and disappearance
without passing through any intermediate stage. In a PET-CT study of liver involve-
ment, Hu et al. [15] reported that thick-walled cysts on MRI scans revealed increased
fluorodeoxyglucose (FDG) uptake associated with the hypercellularity of the granulomas,
thin-wall cysts revealed reduced or absent FDG uptake on PET-CT associated with less
cellularity and fibrosis, and follow-up MRI scans illustrated that thin-walled cysts increased
and then regressed. Our finding that the evolution of granulomas is transformed from
thick- to thin-walled is consistent with the findings of Hu et al. [15]. Morphology and signal
changes revealed on MRI scans can evaluate the evolution of lesions as well as PET-CT.

4.3. Detailed Additions to Imaging Findings

The present study complemented the MRI findings of liver lesions. Shi et al. [26]
reported the detection of cyst-like lesions and ring-like enhancements. Cases in the present
study showed more details of cyst-like lesions: thick-wall cyst-like lesions at the early stage
were demonstrated as thick and uneven walls with slightly high signal intensity on T2WI,
miliary nodules with increased intensity were occasionally seen in the thick wall, and the
intracyst appeared hyperintense on T2ZWI/DWI (Figures 2 and S1). The transformation
from thick- to thin-walled lesions occurred as the cyst wall gradually became thinner, and
a annular low signal intensity on T2ZWI and DWI around the cyst-like lesion gradually
appeared. On dynamic contrast-enhanced MRI, the cyst wall showed mild to moderate
enhancement in the arterial phase, ring-like enhancement became clearer in the portal
venous phase, persistent enhancement, and the area of enhancement increased in the
delayed phase; hence, some tiny cysts appeared as nodular in the delayed phase.
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Due to the lipid-rich nature of histocytes in the xanthomatous phase, liver lesions with
focal fatty infiltration appear to have low attenuation on CT and to be hyperintense on TIWI
and hypointense on T2WI [47]. Shi et al. [26] reported that the presence of heterogeneous
signal intensity was due to the coexistence of inflammation, fat infiltration, and fibrosis.
In the present study group, out-of-phase images showed inhomogeneous signal loss of
periportal granular lesions and liver parenchymal lesions compared to in-phase images. We
believe that the different histological stages may coexist. Xanthomatosis, however, tends to
be present in old lesions. A comparison between the out-of-phase and in-phase images is
more conducive for detecting focal fat infiltration.

4.4. Earlier Detection of Liver Fibrosis

It is considered a typical manifestation of late fibrosis with stenoses and dilatation of
the bile ducts corresponding to sclerosing cholangitis on MRCP and the nodular appearance
of liver cirrhosis [10,26,27,48]. Heyn et al. [46] reported that liver fibrosis occurs much
earlier than cirrhosis.

Previous LCH case reports have described liver fibrosis as multiple low-intensity
areas on T2WI [11,28]. Three morphological patterns (Figures 2 and S4) of hypointense
fibrosis on T2ZW1/DWI were observed in the present cases, including the periportal halo
sign, central nodular fibrosis, and patchy fibrosis extending from the central to peripheral
liver parenchyma. The periportal halo sign, common in primary biliary cirrhosis, was
described as a low-signal intensity lesion on TIWI and T2WI centered around portal tracts,
approximately 5 mm-1 cm in size [49]. Wenzel et al. [50] speculated that it contributes to
periportal fibrosis or apoptosis. Giant nodular fibrosis in the central liver was similar to
regenerative nodules, described as a regenerative pattern led by cholestasis [51]. Patchy
fibrosis has been described in two previous case reports [11,28].

Considering the limitations of liver biopsy, using DWI and ADC measurements as
part of a standard MRI protocol can provide additional information for evaluating patients
with liver fibrosis [52]. Charatcharoenwitthaya et al. [38] utilized DWI to evaluate liver
fibrosis in patients with chronic viral hepatitis. The final ADC of each patient with fibrotic
hypointense changes on T2WI/DWI in the present study with a b-value of 1000 s/mm? was
<1.04 x 1073 s/mm?, which was the optimal cutoff for significant fibrosis in a previous
study using DWI to assess liver fibrosis in chronic viral hepatitis (METAVIR Fibrosis
Stage > 2) [38]. The final ADC value per patient without fibrotic hypointense change was
greater than 1.04 x 1073 s/mm?. The ADC value of the present cases was associated with
fibrosis, but readers had a moderate agreement (ICC = 0.602), and this value corresponds
closely to a prior study that used DWI to stage liberal fibrosis and assessed the interobserver
variability [53]. ADC cannot be used solely for the diagnosis of liver fibrosis [54-56].
We suggest combining T2ZWI/DWI and ADC value measurements to comprehensively
analyze fibrosis.

Early fibrosis may regress [57,58]; therefore, it is necessary to detect fibrosis at an early
stage. The grading of the periportal halo sign was found to be significantly correlated with
the histological stages of liver fibrosis in patients with primary biliary cirrhosis [59]. We
longitudinally analyzed the previous imaging data of patients with typical fibrotic signs
and found that localized, slightly low signal intensity on T2ZWI and DWI was observed
around the portal vein or in the liver parenchyma before the formation of apparent fibrotic
signs (Figure 4). Early manifestations are not obvious and can be easily ignored. We suggest
that slight hypointensity on DWI/T2WI should be differentiated from the disappearance of
local lesions.

4.5. Limitations

The present study, however, has some limitations. First, it was a retrospective study
with a small group of patients due to the low incidence of this disease. Moreover, there
may be a bias in selecting patients for CT and MRI. The guidelines, however, recommend
CT/MRI for unclear sonographic pathology, highlighting one of the clinical situations in
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which CT/MRI is used for diagnosis. Additionally, the present study enrolled patients
from our institution and from prior reports to provide a more comprehensive analysis.
Second, owing to the retrospective nature of the present study, there were no uniform
imaging modalities, examination sequences, or protocols for the patients. Currently, there
is a lack of consensus regarding recommendations for imaging techniques to assess liver
involvement. Previous reports have primarily described the imaging characteristics of
CT, CECT, and MRI plain scans, as well as MRCP. The present study emphasized the
role of MRI in characterizing hepatic LCH, and adds imaging descriptions from DWI and
dynamically enhanced sequences. Third, the present study is a preliminary investigation
of DWI combined with ADC in the evaluation of liver fibrosis in LCH, and ADC values for
the prediction of liver fibrosis grade need further evaluation with a larger sample size.

5. Conclusions

Hepatic abnormalities of infiltrative lesion and liver fibrosis can be detected and well-
characterized on routine abdominal MRI scans. Additionally, the evolution of lesions was
well demonstrated on follow-up MRI scans. The detailed features added in the present
study are helpful in increasing the awareness of hepatic LCH among radiologists and
clinicians. CT does not provide as much detail as MRI in distinguishing lesions with various
histological nature. We recommend routine abdominal MRI to detect liver involvement
and assess disease activity and treatment response.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /bioengineering10050598 /s1. Figure S1: Imaging features of three
kinds of parenchymal lesions; Figure S2: Imaging features of scattered lesion phenotype; Figure S3:
Comparison of age between the reference group and present study group; Figure S4: Three kinds of
imaging sign of liver fibrosis in LCH patients; Table S1: Imaging findings and modalities of present
study group with three imaging phenotypes; Table S2: Published reports of LCH patients with liver
involvement; Table S3: Summary of image phenotypes and pathologic findings of the liver in three
patients; Table S4: Evolution of parenchymal lesions in eight patients; Table S5: ADC values for the
b-values of 1000 s/mm?.

Author Contributions: Conceptualization, Y.S. and L.H.; methodology, Y.S. and L.H.; validation: Y.S.
and X.H.; formal analysis, L.H., Y.L., Z.X. and Y.J.; investigation, L.H., Y.L., Z.X. and Y.J.; resources,
Y.S. and L.H.; data curation, Y.S., X.H. and L.H.; writing—original draft preparation, L.H.; writing—
review and editing, Y.S. and L.H.; visualization, L.H.; supervision, Y.S.; project administration, Y.S.,
D.H. and Z.L.; funding acquisition, Y.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This research was funded by the teaching program of Huazhong University of Science and
Technology, No. 2022MS045.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Review Board of Tongji Hospital (No. TJ-IRB20221208,
December 2012).

Informed Consent Statement: Patient consent was waived due to the study’s retrospective nature.
Data Availability Statement: The datasets generated for this study can be found in the submitted article.
Acknowledgments: We thank all participants and volunteers for their cooperation and efforts.

Conflicts of Interest: The authors declare no conflict of interest.


https://www.mdpi.com/article/10.3390/bioengineering10050598/s1
https://www.mdpi.com/article/10.3390/bioengineering10050598/s1

Bioengineering 2023, 10, 598 15 0f 17

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Goyal, G.; Young, J.R.; Koster, M.].; Tobin, W.O.; Vassallo, R.; Ryu, ]. H.; Davidge-Pitts, C.].; Hurtado, M.D.; Ravindran, A.; Sartori
Valinotti, ].C.; et al. The Mayo Clinic Histiocytosis Working Group Consensus Statement for the Diagnosis and Evaluation of
Adult Patients With Histiocytic Neoplasms: Erdheim-Chester Disease, Langerhans Cell Histiocytosis, and Rosai-Dorfman Disease.
Mayo Clin. Proc. 2019, 94, 2054-2071. [CrossRef]

McClain, K.L.; Bigenwald, C.; Collin, M.; Haroche, J.; Marsh, R.A.; Merad, M.; Picarsic, J.; Ribeiro, K.B.; Allen, C.E. Histiocytic
disorders. Nat. Rev. Dis. Prim. 2021, 7, 73. [CrossRef]

Emile, J.E; Abla, O.; Fraitag, S.; Horne, A.; Haroche, J.; Donadieu, J.; Requena-Caballero, L.; Jordan, M.B.; Abdel-Wahab, O.;
Allen, C.E,; et al. Revised classification of histiocytoses and neoplasms of the macrophage-dendritic cell lineages. Blood 2016, 127,
2672-2681. [CrossRef]

Abdallah, M.; Généreau, T.; Donadieu, ].; Emile, ].F.; Chazouilleres, O.; Gaujoux-Viala, C.; Cabane, J. Langerhans’ cell histiocytosis
of the liver in adults. Clin. Res. Hepatol. Gastroenterol. 2011, 35, 475-481. [CrossRef] [PubMed]

Ludwig, D.R.; Fraum, T.J.; Ballard, D.H.; Narra, V.R.; Shetty, A.S. Imaging Biomarkers of Hepatic Fibrosis: Reliability and
Accuracy of Hepatic Periportal Space Widening and Other Morphologic Features on MRI. AJR Am. ]. Roentgenol. 2021, 216,
1229-1239. [CrossRef]

Girschikofsky, M.; Arico, M.; Castillo, D.; Chu, A.; Doberauer, C.; Fichter, J.; Haroche, J.; Kaltsas, G.A.; Makras, P.; Marzano, A.V,;
et al. Management of adult patients with Langerhans cell histiocytosis: Recommendations from an expert panel on behalf of
Euro-Histio-Net. Orphanet ]. Rare Dis. 2013, 8, 72. [CrossRef]

Haupt, R.; Minkov, M.; Astigarraga, I.; Schifer, E.; Nanduri, V,; Jubran, R.; Egeler, R.M.; Janka, G.; Micic, D.; Rodriguez-Galindo,
C.; et al. Langerhans cell histiocytosis (LCH): Guidelines for diagnosis, clinical work-up, and treatment for patients till the age of
18 years. Pediatr. Blood Cancer 2013, 60, 175-184. [CrossRef]

Weitzman, S.; Egeler, RM. Langerhans cell histiocytosis: Update for the pediatrician. Curr. Opin. Pediatr. 2008, 20, 23-29.
[CrossRef] [PubMed]

Chaudhary, A.; Debnath, J.; Thulkar, S.; Seth, T.; Sinha, A. Imaging findings in hepatic Langerhans’ cell histiocytosis. Indian J.
Pediatr. 2006, 73, 1036-1038. [CrossRef] [PubMed]

Schmidt, S.; Eich, G.; Geoffray, A.; Hanquinet, S.; Waibel, P.; Wolf, R.; Letovanec, I.; Alamo-Maestre, L.; Gudinchet, F. Extraosseous
langerhans cell histiocytosis in children. Radiographic 2008, 28, 707-726. [CrossRef]

Arakawa, A.; Matsukawa, T.; Yamashita, Y.; Yoshimatsu, S.; Ohtsuka, N.; Miyazaki, T.; Yamamoto, H.; Harada, M.; Ishimaru, Y,;
Takahashi, M. Periportal fibrosis in Langerhans’ cell histiocytosis mimicking multiple liver tumors: US, CT, and MR findings.
J. Comput. Assist. Tomogr. 1994, 18, 157-159. [CrossRef] [PubMed]

Mampaey, S.; Warson, E; Van Hedent, E.; De Schepper, A.M. Imaging findings in Langerhans’ cell histiocytosis of the liver and
the spleen in an adult. Eur. Radiol. 1999, 9, 96-98. [CrossRef] [PubMed]

Konno, S.; Hizawa, N.; Betsuyaku, T.; Yasuo, M.; Yamamoto, H.; Koizumi, T.; Nishimura, M. Adult Langerhans cell histiocytosis
with independently relapsing lung and liver lesions that was successfully treated with etoposide. Intern. Med. 2007, 46, 1231-1235.
[CrossRef]

Savva-Bordalo, J.; Freitas-Silva, M. Langerhans cell histiocytosis involving the liver of a male smoker: A case report. J. Med. Case
Rep. 2008, 2, 376. [CrossRef]

Hu, X.; Dong, A.; Lv, S.; Wang, Q.; Zhan, X.; Song, X.; Wang, J. F-18 FDG PET/CT imaging of solitary liver Langerhans cell
histiocytosis: Preliminary findings. Ann. Nucl. Med. 2012, 26, 436—439. [CrossRef]

Yuasa, M.; Fujiwara, S.; Oh, I.; Yamaguchi, T.; Fukushima, N.; Morimoto, A.; Ozawa, K. Rapidly progressing fatal adult
multi-organ Langerhans cell histiocytosis complicated with fatty liver disease. J. Clin. Exp. Hematop. JCEH 2012, 52, 121-126.
[CrossRef]

Ma, |; Jiang, Y.; Chen, X.; Gong, G. Langerhans cell histiocytosis misdiagnosed as liver cancer and pituitary tumor in an adult: A
case report and brief review of the literature. Oncol. Lett. 2014, 7, 1602-1604. [CrossRef] [PubMed]

Araujo, B.; Costa, E; Lopes, J.; Castro, R. Adult langerhans cell histiocytosis with hepatic and pulmonary involvement. Case Rep.
Radiol. 2015, 2015, 536328. [CrossRef]

Zhang, D.Y,; Weng, S.Q.; Dong, L.; Shen, X.Z. Eosinophilic pseudotumor of the liver: Report of six cases and review of literature.
J. Dig. Dis. 2015, 16, 159-163. [CrossRef]

Tang, Y.; Zhang, Z.; Chen, M.; Ju, W.; Wang, D.; Ji, F; Ren, Q.; Guo, Z.; He, X. Severe sclerosing cholangitis after Langerhans cell
histiocytosis treated by liver transplantation: An adult case report. Medicine 2017, 96, €5994. [CrossRef]

Ouizeman, D.J.; Patouraux, S.; Lacour, ].P.; Anty, R. A decompensated cryptogenic cirrhosis? No, a late liver histiocytosis! Dig.
Liver Dis. 2018, 50, 1369. [CrossRef]

Wang, B.B.; Ye, J.R; Li, Y.L,; Jin, Y;; Chen, Z.W.; Li, ].M.; Li, Y.P. Multisystem involvement Langerhans cell histiocytosis in an adult:
A case report. World J. Clin. Cases 2020, 8, 4966—4974. [CrossRef] [PubMed]

Rayamajhi, S.J.; Shahi, R.R.; Maharjan, S.; Sharma, S.; Sudhir Suman, K.C. Muscle Infiltrative Adult Multisystem Langerhans Cell
Histiocytosis Detected on Fluorodeoxyglucose Positron Emission Tomography/Computed Tomography—A Rare Case. Indian ].
Nucl. Med. 2020, 35, 342-344. [CrossRef] [PubMed]

Narayanasamy Rajavelu, T.; Abimannane, A.; Chinnaiah Govindhareddy, D.K.; Kayal, S.; Kar, R. Langerhans’ Cell Histiocytosis
Masquerading as Caroli’s Disease. . Pediatr. Hematol./Oncol. 2020, 42, e620-€622. [CrossRef]


https://doi.org/10.1016/j.mayocp.2019.02.023
https://doi.org/10.1038/s41572-021-00307-9
https://doi.org/10.1182/blood-2016-01-690636
https://doi.org/10.1016/j.clinre.2011.03.012
https://www.ncbi.nlm.nih.gov/pubmed/21550330
https://doi.org/10.2214/AJR.20.23099
https://doi.org/10.1186/1750-1172-8-72
https://doi.org/10.1002/pbc.24367
https://doi.org/10.1097/MOP.0b013e3282f45ba4
https://www.ncbi.nlm.nih.gov/pubmed/18197035
https://doi.org/10.1007/BF02758314
https://www.ncbi.nlm.nih.gov/pubmed/17127788
https://doi.org/10.1148/rg.283075108
https://doi.org/10.1097/00004728-199401000-00037
https://www.ncbi.nlm.nih.gov/pubmed/8282873
https://doi.org/10.1007/s003300050636
https://www.ncbi.nlm.nih.gov/pubmed/9933389
https://doi.org/10.2169/internalmedicine.46.6433
https://doi.org/10.1186/1752-1947-2-376
https://doi.org/10.1007/s12149-012-0587-2
https://doi.org/10.3960/jslrt.52.121
https://doi.org/10.3892/ol.2014.1928
https://www.ncbi.nlm.nih.gov/pubmed/24765185
https://doi.org/10.1155/2015/536328
https://doi.org/10.1111/1751-2980.12189
https://doi.org/10.1097/MD.0000000000005994
https://doi.org/10.1016/j.dld.2018.07.009
https://doi.org/10.12998/wjcc.v8.i20.4966
https://www.ncbi.nlm.nih.gov/pubmed/33195668
https://doi.org/10.4103/ijnm.IJNM_88_20
https://www.ncbi.nlm.nih.gov/pubmed/33642763
https://doi.org/10.1097/MPH.0000000000001495

Bioengineering 2023, 10, 598 16 of 17

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.
48.

49.

50.

51.

52.

53.

Kapoor, R.; Loizides, A.M.; Sachdeva, S.; Paul, P. Disseminated langerhans cell histiocytosis presenting as cholestatic jaundice.
J. Clin. Diagn. Res. JCDR 2015, 9, SA03-Sd05. [CrossRef] [PubMed]

Shi, Y,; Qiao, Z; Xia, C.; Gong, Y.; Yang, H.; Li, G.; Pa, M. Hepatic involvement of Langerhans cell histiocytosis in children-imaging
findings of computed tomography, magnetic resonance imaging and magnetic resonance cholangiopancreatography. Pediatr.
Radiol. 2014, 44, 713-718. [CrossRef]

Wong, A.; Ortiz-Neira, C.L.; Reslan, W.A ; Sharon, R.; Pinto-Rojas, A.; Kaura, D.; Anderson, R. Liver involvement in Langerhans
cell histiocytosis. Pediatr. Radiol. 2006, 36, 1105-1107. [CrossRef]

Kim, M.; Lyu, C.; Jin, Y.; Yoo, H. Langerhans’ cell histiocytosis as a cause of periportal abnormal signal intensity on MRI. Abdom.
Imaging 1999, 24, 373-377. [CrossRef]

Chan, Y.L.; Li, CK.; Lee, C.Y. Sonographic appearance of hepatic Langerhans cell histiocytosis. Clin. Radiol. 1997, 52, 761-763.
[CrossRef] [PubMed]

Bedossa, P. Liver biopsy. Gastroenterol. Clin. Biol. 2008, 32, 4-7. [CrossRef]

Sebastiani, G.; Gkouvatsos, K.; Pantopoulos, K. Chronic hepatitis C and liver fibrosis. World ]. Gastroenterol. 2014, 20, 11033-11053.
[CrossRef]

Bedossa, P; Dargere, D.; Paradis, V. Sampling variability of liver fibrosis in chronic hepatitis C. Hepatology 2003, 38, 1449-1457.
[CrossRef] [PubMed]

Galea, N.; Cantisani, V.; Taouli, B. Liver lesion detection and characterization: Role of diffusion-weighted imaging. J. Magn. Reson.
Imaging 2013, 37, 1260-1276. [CrossRef]

Taouli, B.; Koh, D.M. Diffusion-weighted MR imaging of the liver. Radiology 2010, 254, 47-66. [CrossRef]

Jiang, H.; Chen, J.; Gao, R.; Huang, Z.; Wu, M.; Song, B. Liver fibrosis staging with diffusion-weighted imaging: A systematic
review and meta-analysis. Abdom. Radiol. 2017, 42, 490-501. [CrossRef]

Feier, D.; Balassy, C.; Bastati, N.; Fragner, R.; Wrba, F; Ba-Ssalamah, A. The diagnostic efficacy of quantitative liver MR imaging
with diffusion-weighted, SWI, and hepato-specific contrast-enhanced sequences in staging liver fibrosis—a multiparametric
approach. Eur. Radiol. 2016, 26, 539-546. [CrossRef] [PubMed]

Idilman, 1.S.; Venkatesh, S.H.; Eaton, J.E.; Bolan, C.W.; Osman, K.T.; Maselli, D.B.; Menias, C.O.; Venkatesh, S.K. Magnetic
resonance imaging features in 283 patients with primary biliary cholangitis. Eur. Radiol. 2020, 30, 5139-5148. [CrossRef] [PubMed]
Charatcharoenwitthaya, P.; Sukonrut, K.; Korpraphong, P.; Pongpaibul, A.; Saiviroonporn, P. Diffusion-weighted magnetic
resonance imaging for the assessment of liver fibrosis in chronic viral hepatitis. PLoS ONE 2021, 16, e0248024. [CrossRef]
European Commission; Directorate-General for Energy. European Guidelines on Diagnostic Reference Levels for Paediatric Imaging;
Radjiation Protection No. 185; EU Publication Office: Luxembourg, 2018. [CrossRef]

Faria, S.C.; Ganesan, K.; Mwangi, I.; Shiehmorteza, M.; Viamonte, B.; Mazhar, S.; Peterson, M.; Kono, Y.; Santillan, C.; Casola, G.;
et al. MR imaging of liver fibrosis: Current state of the art. Radiographic 2009, 29, 1615-1635. [CrossRef]

Chen, X;; Qin, L.; Pan, D.; Huang, Y.; Yan, L.; Wang, G.; Liu, Y.; Liang, C.; Liu, Z. Liver diffusion-weighted MR imaging:
Reproducibility comparison of ADC measurements obtained with multiple breath-hold, free-breathing, respiratory-triggered,
and navigator-triggered techniques. Radiology 2014, 271, 113-125. [CrossRef]

Gupta, A K. Imaging findings in Langerhans cell histiocytosis involving lung and liver. Indian J. Pediatr. 2009, 76, 560-561.
[CrossRef]

Buza, N.; Lagarde, D.C; Dash, S.; Haque, S. Langerhans cell histiocytosis: Report of a single organ involvement in a child. J. Cell.
Mol. Med. 2004, 8, 397-401. [CrossRef]

Caruso, S.; Miraglia, R.; Maruzzelli, L.; Luca, A.; Gridelli, B. Biliary wall calcification in Langerhans cell histiocytosis: Report of
two cases. Pediatr. Radiol. 2008, 38, 791-794. [CrossRef] [PubMed]

Li, H,; Ells, P; Arslan, M.E.; Robstad, K.A.; Lee, H. Hepatic Langerhans Cell Histiocytosis (LCH) Presenting as a Harbinger of
Multisystem LCH. Cureus 2020, 12, e8591. [CrossRef]

Heyn, RM.; Hamoudi, A.; Newton, W.A,, Jr. Pretreatment liver biopsy in 20 children with histiocytosis X: A clinicopathologic
correlation. Med. Pediatr. Oncol. 1990, 18, 110-118. [CrossRef]

Radin, D.R. Langerhans cell histiocytosis of the liver: Imaging findings. AJR. Am. ]. Roentgenol. 1992, 159, 63-64. [CrossRef]
Konig, C.W.; Pfannenberg, C.; Triibenbach, J.; Remy, C.; Bshmer, G.M.; Ruck, P; Claussen, C.D. MR cholangiography in the
diagnosis of sclerosing cholangitis in Langerhans’ cell histiocytosis. Eur. Radiol. 2001, 11, 2516-2520. [CrossRef] [PubMed]
Haliloglu, N.; Erden, A.; Erden, I. Primary biliary cirrhosis: Evaluation with T2-weighted MR imaging and MR cholangiopancre-
atography. Eur. J. Radiol. 2009, 69, 523-527. [CrossRef] [PubMed]

Wenzel, ].S.; Donohoe, A.; Ford, K.L., 3rd; Glastad, K.; Watkins, D.; Molmenti, E. Primary biliary cirrhosis: MR imaging findings
and description of MR imaging periportal halo sign. AJR. Am. ]. Roentgenol. 2001, 176, 885-889. [CrossRef]

Roberts, P; Trout, A.T; Dillman, J.R. Nodular macroregenerative tissue as a pattern of regeneration in cholangiopathic disorders.
Pediatr. Radiol. 2018, 48, 932-940. [CrossRef]

Kovag, ].D,; Jesi¢, R.; Stanisavljevi¢, D.; Kova¢, B.; Banko, B.; Seferovi¢, P.; Maksimovi¢, R. Integrative role of MRI in the evaluation
of primary biliary cirrhosis. Eur. Radiol. 2012, 22, 688—694. [CrossRef]

Ding, Y,; Rao, S.; Yang, L.; Chen, C.; Zeng, M. Comparison of the effect of region-of-interest methods using gadoxetic acid-
enhanced MR imaging with diffusion-weighted imaging on staging hepatic fibrosis. Radiol. Med. 2016, 121, 821-827. [CrossRef]
[PubMed]


https://doi.org/10.7860/JCDR/2015/11395.5550
https://www.ncbi.nlm.nih.gov/pubmed/25859497
https://doi.org/10.1007/s00247-014-2886-3
https://doi.org/10.1007/s00247-006-0262-7
https://doi.org/10.1007/s002619900517
https://doi.org/10.1016/S0009-9260(97)80155-9
https://www.ncbi.nlm.nih.gov/pubmed/9366535
https://doi.org/10.1016/S0399-8320(08)73989-7
https://doi.org/10.3748/wjg.v20.i32.11033
https://doi.org/10.1016/j.hep.2003.09.022
https://www.ncbi.nlm.nih.gov/pubmed/14647056
https://doi.org/10.1002/jmri.23947
https://doi.org/10.1148/radiol.09090021
https://doi.org/10.1007/s00261-016-0913-6
https://doi.org/10.1007/s00330-015-3830-0
https://www.ncbi.nlm.nih.gov/pubmed/25991488
https://doi.org/10.1007/s00330-020-06855-0
https://www.ncbi.nlm.nih.gov/pubmed/32335747
https://doi.org/10.1371/journal.pone.0248024
https://doi.org/10.2833/003998
https://doi.org/10.1148/rg.296095512
https://doi.org/10.1148/radiol.13131572
https://doi.org/10.1007/s12098-009-0140-z
https://doi.org/10.1111/j.1582-4934.2004.tb00329.x
https://doi.org/10.1007/s00247-008-0809-x
https://www.ncbi.nlm.nih.gov/pubmed/18389229
https://doi.org/10.7759/cureus.8591
https://doi.org/10.1002/mpo.2950180205
https://doi.org/10.2214/ajr.159.1.1609723
https://doi.org/10.1007/s003300100835
https://www.ncbi.nlm.nih.gov/pubmed/11734951
https://doi.org/10.1016/j.ejrad.2007.11.003
https://www.ncbi.nlm.nih.gov/pubmed/18313877
https://doi.org/10.2214/ajr.176.4.1760885
https://doi.org/10.1007/s00247-018-4129-5
https://doi.org/10.1007/s00330-011-2296-y
https://doi.org/10.1007/s11547-016-0669-7
https://www.ncbi.nlm.nih.gov/pubmed/27449761

Bioengineering 2023, 10, 598 17 of 17

54.

55.

56.

57.

58.

59.

Lu, PX,; Huang, H.; Yuan, ].; Zhao, F.; Chen, Z.Y.; Zhang, Q.; Ahuja, A.T.; Zhou, B.P.; Wéng, Y.X. Decreases in molecular diffusion,
perfusion fraction and perfusion-related diffusion in fibrotic livers: A prospective clinical intravoxel incoherent motion MR
imaging study. PLoS ONE 2014, 9, e113846. [CrossRef]

Patel, J.; Sigmund, E.E.; Rusinek, H.; Oei, M.; Babb, J.S.; Taouli, B. Diagnosis of cirrhosis with intravoxel incoherent motion
diffusion MRI and dynamic contrast-enhanced MRI alone and in combination: Preliminary experience. |. Magn. Reson. Imaging
JMRI 2010, 31, 589-600. [CrossRef] [PubMed]

Yoon, J.H.; Lee, ] M.; Baek, ].H.; Shin, C.I; Kiefer, B.; Han, ].K.; Choi, B.I. Evaluation of hepatic fibrosis using intravoxel incoherent
motion in diffusion-weighted liver MRI. J. Comput. Assist. Tomogr. 2014, 38, 110-116. [CrossRef] [PubMed]

Singh, S.; Facciorusso, A.; Loomba, R.; Falck-Ytter, Y.T. Magnitude and Kinetics of Decrease in Liver Stiffness After Antiviral
Therapy in Patients With Chronic Hepatitis C: A Systematic Review and Meta-analysis. Clin. Gastroenterol. Hepatol. Off. Clin.
Pract. |. Am. Gastroenterol. Assoc. 2018, 16, 27-38.e24. [CrossRef]

Lassailly, G.; Caiazzo, R.; Buob, D.; Pigeyre, M.; Verkindt, H.; Labreuche, J.; Raverdy, V.; Leteurtre, E.; Dharancy, S.; Louvet, A,;
et al. Bariatric Surgery Reduces Features of Nonalcoholic Steatohepatitis in Morbidly Obese Patients. Gastroenterology 2015, 149,
379-388. [CrossRef] [PubMed]

Meng, Y,; Liang, Y.; Liu, M. The value of MRI in the diagnosis of primary biliary cirrhosis and assessment of liver fibrosis. PLoS
ONE 2015, 10, e0120110. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1371/journal.pone.0113846
https://doi.org/10.1002/jmri.22081
https://www.ncbi.nlm.nih.gov/pubmed/20187201
https://doi.org/10.1097/RCT.0b013e3182a589be
https://www.ncbi.nlm.nih.gov/pubmed/24378888
https://doi.org/10.1016/j.cgh.2017.04.038
https://doi.org/10.1053/j.gastro.2015.04.014
https://www.ncbi.nlm.nih.gov/pubmed/25917783
https://doi.org/10.1371/journal.pone.0120110

	Introduction 
	Materials and Methods 
	Patients 
	CT and MRI Examinations 
	Image Analysis 
	Statistical Analysis 

	Results 
	Patients and Clinical Characteristics 
	Image Phenotypes Based on Lesion Distribution 
	Detailed Imaging Findings and Evolution of Lesions 
	Parenchymal Lesions 
	Periportal Abnormalities 
	Hepatic Fibrosis and Other Imaging Findings 


	Discussion 
	Differences among the Three Imaging Phenotypes: Patient Age, Clinical Feature, and Fibrosis 
	Evolution of Lesions 
	Detailed Additions to Imaging Findings 
	Earlier Detection of Liver Fibrosis 
	Limitations 

	Conclusions 
	References

