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ABSTRACT

Disorders of the hepatobiliary system are commonly associated with gastrointestinal (GI) diseases. The GI and hepatobil-
iary systems interact through the portal vein system and enterohepatic circulation, creating a gut-liver axis that allows for
a complex multidirectional interplay between immune, hormonal, dietary and environmental luminal factors that include
the gut microbiota. This interaction may underlie the liver affection in autoimmune and immune-mediated small bowel dis-
eases through a variety of pathways that include autoimmune, metabolic, immune-mediated, and/or iatrogenic mechanisms.
Despite evidence of a gut-liver axis and co-morbid liver associations with small bowel diseases, the clinical implications and
how these conditions should be clinically managed remain unclear. In this narrative review, we describe the hepato-biliary
manifestations associated with chronic immune-mediated enteropathies of the small bowel in adults, with particular focus
on CeD and Crohn's disease.

1 | Introduction disease (CD) and inflammatory conditions of the small bowel

stand as prime examples of chronic immune-mediated condi-
In the intricate landscape of autoimmune and immune-mediated tions, each characterised by its specific and sometimes overlap-
disorders, the complex interplay between distinct diseases often ~ ping gastrointestinal manifestations [1, 2]. Although the exact
reveals shared pathways and associated conditions. Focusing on pathogenic mechanisms remain elusive, both CeD and CD share
the gastrointestinal (GI) system, celiac disease (CeD), Crohn's autoimmune-immune dysregulation and impaired mucosal
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Summary

« The gut-liver axis allows for a complex multidirec-
tional interplay between immune, hormonal and en-
vironmental factors. This interaction may underlie the
liver affection in autoimmune and immune-mediated
small bowel diseases; however, their clinical implica-
tions and management is still unclear.

In celiac disease (CeD), hypertransaminasemia is the
most common cause of liver enzyme alterations at di-
agnosis. Other reported conditions include viral hep-
atitis, associated autoimmune disorders and steatotic
liver disease.

About one-third of IBD patients report abnormal liver
tests during the course of disease. Hepatobiliary dis-
orders associated with Crohn's disease (CD) can be
divided into diseases with an immune-mediated ae-
tiology or secondary to CD-related inflammation or
metabolic imbalances.

barrier function [3, 4]. Moreover, large-scale cohort studies and
a recent meta-analysis [2] demonstrate increased risk of inflam-
matory bowel disease (IBD) in CeD patients and vice versa, per-
sisting over a decade after initial diagnosis and suggesting some
sort of shared pathways and triggers [2].

At the same time, several GI diseases, including CD and CeD,
are associated with liver conditions encompassing metabolic,
immune-mediated and/or iatrogenic pathogenic mechanisms
[5, 6] (Figure 1). The GI and hepatobiliary systems interact
through the portal vein system and enterohepatic circulation,
creating a gut-liver axis that allows for a complex multidi-
rectional interplay between immune, hormonal, dietary and

environmental luminal factors that include the gut microbiota
[7, 8].

Despite evidence of a gut-liver axis and co-morbid liver associa-
tions with small bowel diseases, the clinical implications and how
these conditions should be managed remain unclear. In this re-
view, we describe the literature on the hepato-biliary manifesta-
tions associated with chronic immune-mediated pathologies of the
small bowel in adults, primarily focusing on CeD and CD as well
as in autoimmune enteropathy and refractory CeD (RCeD).

2 | Liver Pathology in Celiac Disease

CeD is an autoimmune condition affecting primarily the small
bowel and induced by gluten ingestion in genetically susceptible
individuals (carrying the HLA DQ2 and/or DQ8 haplotypes) [9].
CeD is the most common enteropathy, affecting about 1% of the
worldwide population and the incidence is increasing over time
[10]. The clinical presentation of CeD can be extremely variable,
ranging from typical malabsorptive symptoms to asymptomatic
or paucisymptomatic with an increase in transaminases [11].
The diagnosis is on the basis of the presence of CeD-specific
serology (anti-tissue transglutaminase IgA) and, in adults, re-
quires confirmation of the villous atrophy at duodenal histol-
ogy [12, 13]. The only available treatment currently is adopting
a strict gluten-free diet (GFD), which can lead to regression
of symptoms and histological-serological alterations [9, 14].
Because it is a systemic disease, it has many clinical manifesta-
tions and associations [15, 16].

Liver abnormalities in CeD include the common finding of hy-
pertransaminasemia, found in up to 40% of patients at the time
of diagnosis [17], the so-called celiac hepatitis, viral hepatitis,
associated autoimmune disorders, hepatic hemangioma [18] or
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FIGURE1 | Mostfrequent liver diseases associated to celiac disease and Crohn's disease.
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non-alcoholic fatty liver disease [19, 20] (NAFLD), now included
in the category of metabolic dysfunction-associated steatotic
liver disease (MASLD) [21]. Vascular liver disease as porto-
sinusoidal vascular disease (PSVD) has been rarely described in
CeD [21], although CeD has been reported in 2.4% of patients
with PSVD [22].

Celiac hepatitis is defined as abnormal liver function tests and/
or histological changes on liver biopsy, in the absence of other
causes, which resolves with a GFD [20]. In addition, autoim-
mune diseases such as autoimmune hepatitis (AIH), primary
biliary cholangitis (PBC) and primary sclerosing cholangitis
(PSC) can coexist with CeD and are non-responsive to the
GFD [19, 20]. MASLD, the most common liver disease with
a worldwide prevalence of 25% [23], presents hepatic steatosis
or fat deposition in more than 5% of hepatocytes, mainly as-
sociated with a diet high in calories and fat, and has at least
one of the five cardiometabolic risk factors [24-26]. MASLD
[23] can manifest with non-alcoholic steatohepatitis (NASH)
(now called metabolic dysfunction-associated steatohepatitis,
MASH [27]) in 7% to 30% of the US population [28]. CeD can
be present in patients with MASH [29], and therefore, interna-
tional guidelines recommend investigating CeD in MASLD/
MASH of unclear origin [30, 31] (as in patients with unex-
plained hypertransaminasemia) [32, 33]. The prevalence of
CeD in patients with MASLD has been reported between 3.4%
and 13% in the Italian population [33] and 7% in the Egyptian
population [34], whereas the presence of positive tissue trans-
glutaminase antibody (anti-tTG) in chronic liver disease was
even higher, 26.8% in an Italian study that included 19 patients
[35]. In a systematic review, the prevalence of CeD in AIH was
4% [36]. Other conditions, such as cholestatic autoimmune dis-
eases, have been reported increased among patients with CeD.
In a Swedish cohort of 13 818 CeD patients, the CeD population
had a four-fold increased risk of PSC compared to non CeD
[37]. Furthermore, 10% to 15% of patients have overlap syn-
drome, which is a combination of AIH and PBC with CeD [36].
Mechanistically, the association of liver pathology in CeD has
been attributed to a dysregulated liver-gut axis, which may
include signalling by the intestinal microbiota [38]. Increased
intestinal permeability to luminal antigens such as immuno-
genic peptides, and bacterial products or metabolites [39] may
reach the liver through the portal circulation triggering a pro-
inflammatory immune response [40], which ranges from fatty
infiltration to chronic active hepatitis and cirrhosis [41]. Once
the GFD is initiated, most of these changes have been reported
to revert to normal [5].

Adopting a strict GFD has been shown to effectively revert celiac
hepatitis [20]. However, other factors such as age, sex and body
mass index could contribute to the persistent elevation of liver
enzymes in CeD and the development of MASLD, especially in
CeD patients with body mass index (BMI) over 25, overweight
and obese [42, 43]. It is also important to consider that a GFD on
the basis of gluten-free counterparts that are rich in sugars and
fat can promote metabolic alterations such as hepatic steatosis,
hyperinsulinism, diabetes mellitus, hypertension and dyslip-
idemia [44-48]. Indeed, in 2005, a prospective Italian study of
221 newly diagnosed CeD patients identified NAFLD in 29.4%
and MASLD in 14.5% of patients. After 2years of follow-up, the
prevalence of both NAFLD and MASLD increased to 46 and

32%, respectively [49]. The study highlights the need to monitor
the nutritional adequacy of GFD, particularly by encouraging
naturally gluten-free foods, to minimise highly refined carbo-
hydrates and saturated fat and promote healthy lifestyle habits
such as increasing physical activity [50, 51].

2.1 | Liver Pathology in Refractory Celiac Disease

Refractory celiac disease (RCeD) is a rare complication of
CeD, defined as the persistence or recurrence of malabsorp-
tion and villous atrophy despite adherence to GFD for at least
12months, once other causes of villous atrophy and malig-
nancy have been excluded [52-55]. The estimated cumulative
incidence of RCeD is about 1%, affecting around 0.01% of the
population [56, 57].

There are two subtypes of RCeD, type I and type II, according to
duodenal histological, molecular (clonal T-cell receptor-y, TCRy,
rearrangements) and flow cytometry (detection of aberrant phe-
notype intraepithelial lymphocytes, alELs) features [56, 58].
Particularly, RCeD type II is now considered a pre-T-Cell lym-
phoma with an “in situ” clonal expansion of alELs and a 33% to
53% risk of developing enteropathy-associated T-cell lymphoma
(EATL) at 5years from the diagnosis [56, 59, 60]. RCeD type I
has a better prognosis, typically characterised by a less severe
intestinal insufficiency and lower risk of malignant complica-
tions [57]. No curative treatment is currently available for RCeD.
To date, therapy is based on immunosuppressive (steroids, thio-
purines, infliximab, anti-Janus Kinase) or ablative treatments
(cladribine, high-dose chemotherapy followed by stem cell
transplantation) and nutritional support [15].

The frequency of liver affection in RCeD is unknown because of
the rarity of the condition. Most data on RCeD and its complica-
tions come from retrospective studies, case series and case reports.
Similarly to responsive CeD [61, 62|, in RCeD, there is a higher inci-
dence of autoimmune diseases. For instance, Weber et al. [63] have
observed in their cohort of 46 RCeD that 20 (43.5%) of them had
another Al disease, including 1 patient with ATH (2.3%). A similar
finding was presented in an Italian retrospective study [64] with
13 out of 37 RCeD patients (35%) with an autoimmune disease, of
which 3 (8%) had autoimmune liver disease. However, the nature
of these studies and their sample size pose major limitations, and
further studies are required to confirm these findings. Another
form of liver involvement in this group of patients, specifically in
RCeD type II, could be related to liver enzymes' alterations due to
alELs migration to the liver [65]. Indeed, in RCeD type II, alELs
have been observed also in the duodenal lamina propria [66-69].
They are not only disseminated in the small intestine, but they can
also have extra-intestinal localisations. Lymphocytes presenting
the same aberrant phenotype of duodenal IELs have been detected
in blood flow cytometry [66, 69], as well as at the level of the skin,
lungs and liver [70]. Specifically, in a case report, the authors de-
scribed alELs parenchymal infiltrate with the same phenotype
as those found in the duodenal mucosa of a patient with a recent
diagnosis of RCeD type II [71]. Therefore, altered liver function
tests in RCeD with suspected EATL should raise the suspicion of
a possible hepatic disease localisation. This rare T-cell lymphoma
is diagnosed half of the time in an emergency setting because of
perforation, occlusion or haemorrhage and at a late stage, stage
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II1/1V, with liver metastasis in 40%-60% of cases [72-74]. The pri-
mary site of EATL location is the small bowel in 90%-95% of cases,
often with multifocal intestinal involvement. However, in a small
portion of patients, EATL can present on extraintestinal sites, most
frequently from RCeD type II skin lesions [75].

2.2 | Management of Liver Function Test
Alterations in Celiac Disease and Refractory Celiac
Disease

The initial approach to patients with incidental elevation of trans-
aminases (> 2-3 times the upper limit of normal, ULN) of unclear
origin includes CeD-specific serology and the exclusion of the most
frequent causes such as medications, hepatitis B and C (HBsAg
and anti-HCV), hemochromatosis (serum ferritin and transferrin
saturation), AIH (anti-nuclear antibodies, ANA, and anti-smooth
muscle antibodies, ASMA) and PBC (antimitochondrial antibod-
ies, AMA) [19]. Table 1 reports the etiologies of the liver disease in
CD patients with hepatic involvement. An abdominal ultrasound
to investigate the hepatic morphology and rule out fatty liver or
changes highly suggestive of chronic liver disease cirrhosis such
as hepatic surface nodularity or a coarsened echotexture is recom-
mended [49]. The clinical assessment should evaluate other factors

TABLE 1 | Etiologies of liver disease in celiac disease with an
established hepatic liver disorder (adapted from Jena et al. 2022 [76]).

Etiologic
prevalence
(%) among
celiac Screening tests
patients for diagnosis of
with a liver liver disorder in
Liver disease disease celiac disease
Celiac hepatitis 49 Improvement
on GFD
Hepatitis B 22 HBsAg
Hepatitis C 21 Anti HCV
antibodies
Autoimmune 17 ANA, ASMA
hepatitis
Alcoholic 16 History of
steatohepatitis alcohol intake
Primary sclerosing 9 ANCA, ANA,
cholangitis ASMA, anti-
endothelial,
anti-cardiolipin,
MRCP if positive
Primary biliary 7 AMA, MRCP
cholangitis if positive
MASLD/MASH 6 Liver ultrasound
Budd Chiari 4 Liver ultrasound
syndrome with doppler

Abbreviations: ANA, anti-nuclear antibody; ANCA, anti-neutrophil cytoplasmic
antibody; ASMA, anti-smooth muscle antibody; MRCP, magnetic resonance
biliary tract and pancreas.

and conditions promoting liver disease such as alcohol intake and
metabolic diseases including Wilson's disease (ceruloplasmin) and
alpha-1 antitrypsin deficit [77].

The initial monitoring of CeD patients with hepatic involvement
can be done similarly to patients with other comorbidities. This ap-
proach includes the measurement of liver transaminases (ALT and
AST), alkaline phosphatase and gamma-glutamyl transpeptidase.
In the case of elevation of transaminases up to 3 to 5 times ULN,
without evidence of chronic liver disease, this could be considered
as a pattern secondary to celiac hepatitis [20]. Once a strict GFD is
initiated, liver enzymes should be repeated after 6 to 12months to
assess response to therapy [78, 79]. However, there is a subset of
patients in whom liver transaminases will remain elevated after
lyear of GFD. Therefore, a thorough assessment to exclude other
hepatic complications such as MASLD, alcoholic liver disease,
chronic viral hepatitis, autoimmune liver disease, and drug or
toxin-related injury (see Table 1). The management of associated
liver disease in patients with celiac hepatitis is like that of patients
without CeD and can be supported by the use of non-invasive
tests for liver fibrosis, such as transient elastography and serum
biomarkers. These methods reduce the need for liver biopsies,
providing safer and faster evaluations. Transient elastography has
been used in patients with CeD, showing alterations in a subset
of patients with increased transaminases and an improvement in
patients on a GFD [80]. The presence of portal hypertension, with
a normal transient elastography (< 10Kpa) is suggestive of PVSD;
usually, PSVD is also associated with high spleen stiffness [81].
Serum biomarkers can be useful in the early detection of liver fi-
brosis, which is crucial for managing liver complications, although
untested in CeD. In spite of the absence of clear evidence, monitor-
ing with non-invasive tests could improve patient outcomes and
treatment decisions in selected cases [82].

The approach to liver enzymes alterations in RCeD is similar to
those without CeD. At the time of RCeD diagnosis, patients have
already performed most of the first-line tests excluding the most
frequent causes of liver disease [15, 83]. In the case of diagnosis
of ATH in an RCeD patient, it should be underlined that a mul-
tidisciplinary approach and shared strategy are crucial as both
conditions are treated with immunosuppressive drugs including
corticosteroids, azathioprine and methotrexate [84, 85].

In RCeD patients presenting with severe malnutrition, in particu-
lar RCeD type II, the alteration of transaminases and/or cholesta-
sis should raise suspicion for an underlying neoplastic condition
with liver involvement [15, 52, 53, 83]. A liver biopsy is required to
confirm the diagnosis with an evaluation of liver lymphocyte infil-
trate phenotype using immunohistochemistry (or when available,
in off-label settings, employing flow-cytometry) [86]. The work-up
should also include blood tests with ferritin, triglycerides, lactate
dehydrogenase, liver function tests and complete blood count to
exclude haemophagocytic lymphohistiocytosis.

3 | Liver Pathology in Crohn’s Disease

IBD is a chronic and progressive inflammatory disease of the
gastrointestinal tract, with increasing incidence worldwide
and caused by the interplay between genetics, environmen-
tal factors and intestinal microbiota that lead to an altered
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epithelial barrier function and abnormal mucosal immune
response [87]. CD is a main form of IBD affecting the small
bowel. CD is characterised by segmental and transmural in-
flammation, potentially affecting any part of the digestive
tract; the small bowel being involved in about 80% of patients
[87]. Symptoms can include abdominal pain, diarrhoea, fa-
tigue and weight loss, occurring in relapsing and remitting
manner. CD can also lead to complications, such as bowel ob-
struction or fistulas, requiring surgery. During the course of
the disease about one-third of IBD patients will report abnor-
mal liver tests and 5% of them will develop a chronic liver dis-
ease [88]. Moreover, mild and transient abnormalities of liver
biochemical tests seem to be correlated with a worse long-
term prognosis [89]. Hepatobiliary disorders associated with
CD can be divided into diseases with an immune-mediated
aetiology or conditions caused by inflammation or metabolic
imbalances secondary to CD (Table 2).

3.1 | Non-Immune-Mediated Liver Disorders
Associated With Crohn's Disease

MASLD is a growing cause of chronic liver disease and is
considered the most common liver disease in patients with
CD. According to a recent systematic review [90], the pooled
prevalence of MASLD in CD patients is 34.4%, with a risk
two times higher in IBD patients versus healthy controls. The
prevalence of advanced liver fibrosis was reported at 14% [90].
CD patients with MASLD have fewer metabolic risk factors
than patients with MASLD alone, suggesting that CD itself
is a risk factor for developing MASLD [91]. Indeed, Mancina
et al. [92] showed that PNPLA3 148 M allele carriers with IBD
had a higher risk for hepatic steatosis. A cross-sectional study
conducted by McHenry et al. [93] with a cohort of 311 CD pa-
tients compared with 1244 controls have found CD as an in-
dependent risk factor of MASLD. Specific risk factors such as
disease duration and previous surgery were reported, whereas
MASLD development seems not to be affected by the treat-
ment [94].

TABLE 2 | Prevalence and etiologies of liver disease in Crohn’s disease.

Prevalence of cholelithiasis in CD ranges from 11% to 34% [88].
A population-based study showed a significantly higher prev-
alence of cholelithiasis in CD patients than in control subjects
[95]. Tleitis and ileal resection in CD seem to be risk factors for
cholelithiasis [88], because of bile salt malabsorption leading to
alteration in bile composition.

Furthermore, patients with CD are at increased risk of venous
thromboembolism and the portal vein is a common site of
thrombosis [96]. Many risk factors have been described such as
extent of disease, surgery, disease activity, use of steroids and
smoking [6]. Thus, thromboprophylaxis with anticoagulants is
recommended in hospitalised patients with active CD and after
surgery [97].

Liver abscesses are a rare complication of CD. They can result
from direct extension of an intra-abdominal abscess or be sec-
ondary to bacterial translocation [98]. Persistent trans-mural
inflammation, fistulising phenotype, long-term steroid use and
malnutrition are the main risk factors reported. Recurrent fever
is the most common symptom associated with abdominal pain
in about half of patients. Blood tests are usually not specific, and
diagnosis is made with ultrasound or computed tomography
(CT) scan [99]. The treatment is based on antibiotic therapy and
drainage in case of a large abscess [100].

More recently, in a large cohort patients with PSVD, 5.6% pre-
sented a concomitant unspecified IBD suggestive a possible rare
association [22].

3.2 | Immune-Mediated Liver Disorders
Associated With Crohn's Disease

Different immunomediated liver diseases are associated with
CD. Primary sclerosing cholangitis (PSC) is characterised by
chronic inflammation of intra- and/or extra-hepatic bile ducts
leading to biliary strictures and may result in end-stage liver
disease requiring a liver transplant [101]. PSC patients have a

Liver disease Prevalence (%)

Screening tests for diagnosis of liver disorder in Crohn's disease

MASLD/MASH 34
Cholelithiasis 11-34
Hepatitis B 1-9
Hepatitis C 1-9
5-ASA toxicity 0-4
Thiopurines toxicity 0-17
Primary sclerosing cholangitis 3-4
Autoimmune hepatitis NA
Primary biliary cholangitis NA
Portal vein thrombosis 1
Liver abscess NA

Liver ultrasound
Liver ultrasound, MRCP
HbsAg
Anti HCV antibodies

Exclude other causes; resolution after drug withdrawal
Exclude other causes; resolution after drug withdrawal

ANCA, ANA, ASMA, anti-endothelial, anti-cardiolipin, MRCP if positive

ANA, ASMA
AMA, MRCP if positive
Liver ultrasound with doppler

Liver ultrasound

Abbreviations: ANA, anti-nuclear antibody; ANCA, anti-neutrophil cytoplasmic antibody; ASMA, anti-smooth muscle antibody; CT, computed tomography; LKM,
liver kidney microsomal antibodies; MRCP, magnetic resonance biliary tract and pancreas.
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significantly higher risk of developing cholangiocarcinoma and
gallbladder cancer [99, 101]. The prevalence of PSC in patients
with CD ranges from 1.2% to 3.4% [88]. A milder course of IBD
and involvement of the right colon and terminal ileum is often
present [102]. The histological findings compatible with PSC
are peri-ductal fibrosis, fibro-obliterative cholangitis, ductular
reaction, peri-ductal inflammation and ductopenia [103]. Small
duct PSC is a variant of PSC characterised by abnormal liver bio-
chemistry with a cholestatic pattern and histological findings of
PSC but normal cholangiography [101]. The long-term prognosis
of small duct PSC is better with a reduced risk of progression
to end-stage liver disease and of developing cholangiocarcinoma
[101]. The prevalence of small duct PSC is higher in CD patients
than in ‘classic’ PSC [104]. CD and PSC seem to have an inde-
pendent course, and CD therapies do not influence the progress
of PSC.

Only a few case series have described the association between
CD and other immune-mediated liver diseases such as AIH and
PBC, with some patients affected by overlap syndromes present-
ing with common features between two entities, ATH-PSC being
the most common [104, 105].

3.3 | Drug-Induced Liver Injury in Crohn's Disease

Different immunosuppressive drugs are used for CD and are
associated with hepatotoxicity. Methotrexate is known to cause
liver injury ranging from asymptomatic hypertransaminasemia
to fibrosis and cirrhosis, especially in prolonged use and/or high
doses [106]. Hepatotoxic effects are thought to be linked to folate
depletion and oxidative stress, which disrupts cellular antiox-
idant defences. Histological changes in the liver due to meth-
otrexate are graded using the Roenigk classification system,
which ranges from fatty infiltration to cirrhosis. Folic acid sup-
plementation may reduce the risk of elevated transaminases, al-
though its efficacy in preventing severe hepatotoxicity remains
inconclusive [107].

Azathioprine-induced hepatotoxicity is less common but can
manifest as hepatitis, cholestasis or mixed patterns of liver in-
jury [108, 109]. The mechanism involves mitochondrial dys-
function and depletion of intracellular glutathione, leading to
necrosis and impaired ATP production. Elevated levels of its
metabolite, 6-methylmercaptopurine nucleotide (6-MMPN),
are associated with hepatotoxicity. Discontinuation of aza-
thioprine typically leads to recovery of liver function. Co-
treatment with antioxidants like N-acetyl-L-cysteine has
shown protective effects against mitochondrial damage
caused by azathioprine [110]. A recent study on a large cohort
of patients with PSVD described the presence of an azathio-
prine treatment in 3.4% of the subjects; most of them had a
concomitant unspecified IBD [22].

5-Aminosalicylic acids (5-ASAs) can cause rare (but serious)
liver injury. Hepatotoxicity may present as acute hepatitis or
cholestatic injury. The mechanism is not fully understood but
may involve idiosyncratic reactions or direct toxicity to hepato-
cytes. Monitoring liver enzymes during treatment is recom-
mended to detect early signs of liver damage [111]. Monoclonal
antibody targeting TNF-alpha has been associated with mild

elevations in liver enzymes and rare cases of severe hepato-
toxicity such as autoimmune hepatitis-like syndromes. The
exact mechanism remains unclear but may involve immune-
mediated responses. Discontinuation of infliximab and cor-
ticosteroid therapy often results in resolution of liver injury
[112, 113].

3.4 | Management of Liver Function Test
Alterations in Crohn's Disease

CD patients should be routinely screened for liver function test
abnormalities [100]. If liver test alterations are detected, drug-
induced liver injury because of CD treatment (e.g., thiopurines,
methotrexate or anti-TNF drugs) and viral hepatitis, especially
HBV and HCYV related, should be ruled out. These conditions
are beyond the scope of our reviews. Most patients with PSC are
initially asymptomatic; thus, diagnosis is based on biochemical
alterations and radiological features. PSC should be excluded in
every CD patient with persistent or fluctuating alteration of liver
biochemical tests with a cholestatic pattern [114]. Magnetic res-
onance cholangiopancreatography (MRCP) has high sensitivity
and specificity (86% and 94% respectively) in identifying PSC
[115]; therefore, it should be performed in CD patients with sus-
pected PSC [114]. A liver biopsy is usually not required to assess
a diagnosis of PSC unless there is a suspicion of small duct PSC
[103]. Patients with evidence of small or large-duct PSC should
be considered for liver transplant evaluation, not only in the
presence of portal hypertensive complications such as ascites or
oesophageal varices but also in the presence of two or more ep-
isodes of bacterial cholangitis [114, 116]. No specific therapy for
PSC is currently available; ursodeoxycholic acid (UDCA) at the
dose of 15-20mg/Kg/daily has a beneficial effect on cholestasis
but fails to demonstrate a reduction of mortality or an increase
of liver transplant-free survival [117]. Some retrospective studies
have evaluated the efficacy of biologic therapies in patients with
concomitant IBD. Infliximab, a monoclonal antibody directed
against tumour necrosis factor-alpha (TNFa), was effective in
the treatment of IBD associated with PSC but has not shown any
improvement on liver biochemistry or imaging, considered as a
prognostic surrogate marker of PSC [118]. Adalimumab, another
monoclonal anti-TNFa agent, has shown a significant decrease of
alkaline phosphatase compared to Infliximab and Vedolizumab
after 6-8 months of treatment; however, this improvement was
not confirmed after 12-14months [118]. A retrospective study
has suggested a potential specific role of Adalimumab in the
improvement of cholestasis in PSC [119]. However, for both bio-
logics, there is a lack of data on clinical outcomes and long-term
prognosis in PSC. Vedolizumab is a humanised monoclonal an-
tibody directed against the human lymphocyte o437 integrin
specific to gut-homing lymphocytes. This peculiar mechanism
of action was encouraging but failed to show improvement in
liver biochemistry. In the largest cohort published by Lynch et al.
[120], the mean alkaline phosphatase level was slightly increased
after treatment with vedolizumab and 21% of the patients had
liver-related events, including cholangitis, cirrhosis decompen-
sation or liver transplantation [120]. Some concerns were raised
by the study of Caron et al. that showed the occurrence of diges-
tive neoplasia in 10% of patients during a follow-up of 19 months
[121]. However, the retrospective nature of the studies and the
lack of a control group make these findings difficult to interpret.
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Diagnosis of AIH is based on biochemical tests and histology.
The treatment is based on immunosuppression and the response
to treatment is not affected by the presence of CD [122].

Anti-mitochondrial antibodies are usually detected for PBC di-
agnosis. Moreover, the evidence of elevated immunoglobulin M
is also helpful in identifying this group of patients. The treat-
ment is based on the use of ursodeoxycholic acid with a high rate
of response [123].

4 | Liver Pathology in Autoimmune Enteropathy
(AIE)

AIE is a rare form of chronic atrophic enteropathy. Firstly, it was
described in children affected by immune dysregulation syn-
dromes [124]; more recently, it has been reported also in adults
[125-129].

It is characterised by severe malabsorption-related symptoms,
not responsive to any dietary restriction, and specific histologi-
cal features [129, 130]. The presence of autoantibodies, namely,
anti-enterocytes IgA/IgG and anti-goblet cells IgA/IgG, as
necessary or highly supportive AIE diagnostic criteria is still
debated [1, 129]. Treatment of AIE can be challenging and re-
quires a multidisciplinary approach. Medical therapy is based
on nutritional support, fundamental as most of times paren-
teral nutrition is necessary, and immunosuppressive treatment.
Specifically, first-line treatments are usually corticosteroids
[131], either systemic or open capsule budesonide, followed by
calcineurin inhibitors in case of failure to respond [130, 131].
Recently, there have been case reports of successful use of inflix-
imab in refractory AIE, both in children and adults [132, 133].

Because of its rarity and relatively recent recognition in adults,
knowledge of AIE in this setting of patients is scarce and on the
basis of case series or retrospective studies (Table 3). AIE can be
associated with other AI conditions including AT liver diseases
[130, 134-135]. Ahmed et al. [135] report that 30 out of their 41
adult AIE patients cohort had at least another AI disease, with 2
of them having an autoimmune liver disease (1 autoimmune hep-
atitis, 1 primary sclerosing cholangitis). Also, Sharma et al. [130]
in their case-control retrospective study observed that among
their 30 AIE patients, 13 had another AI disease, in particular
3 autoimmune hepatitis and 2 primary sclerosing cholangitis. A
slightly lower incidence rate was described by Villanacci et al.'s
[136] retrospective study, with 3 out of 17 AIE patients having a
coexistent AI disease, of which 1 had PSC. Finally, there are also
few case reports on patients with AIE and autoimmune hepatitis
diagnosis. In particular, Iaquinto et al. [134] described a case of
AIE arising in a patient with a previous diagnosis of autoimmune
hepatitis with both ANA and anti-enterocytes autoantibody
(AEA) positivity. Another similar case was described by Bishu
et al. [136] of AIE associated with autoimmune hepatitis, but
without either AEA or ANA positivity. For what concerns other
liver diseases in AIE, there are no data in the published literature.

There are no guidelines or consensus published on the follow-up
and long-term management of AIE in adult patients and the mo-
dalities and frequency of follow-up tests and visits are not clearly
defined [124]. For the same reasons, there are no indications of

Clinical characteristics, including autoimmune liver disease, of patients with autoimmune enteropathy in major studies published in theliterature.

TABLE 3

van Wanrooij
et al., 2021 [128]

Villanacci et al.,

Sharma et al.,

Overall

2019 [136]

Ahmed et al., 2019 [135]

Iaquito et al., 2021 [134]

2018 [130]

Study

157

13

17
9/8
43 (NA)
3 (18%)
1 (33%) (PSC)

7

56

30

Number of patients

Sex (F/M)

87/70

8/5

24/17

34/22

12/18

52 (NA)
6/10 (60%)

NA (range: 21-82)

F 55 (17); M 50 (17)

44 (18)

Age (mean, SD when available)

89/154 (58%)

30 (73%)
2 (7%) (1 AIH, 1 PSC)

37 (66%)
1(3%) (ATH)

13 (43%)
5(38%) (3
ATH, 2 PSC)

Al-associated disease (%)

9/89 (10%)

Liver disease

96/143

10/12

1/13

35/41

34/48

16/29

Anti-enterocytes Ab+
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screening tests for other AI conditions differently from, for ex-
ample, diabetes mellitus type I [137], CeD patients [15] or paedi-
atric patients with AIE [138, 139]. The approach to liver function
tests alterations in AIE is similar to other patients, as described
in the previous sections. Being AIE an autoimmune disease, an
increase in LFTs in AIE patients should always raise suspicion
for ATH, PSC or PBC. In these cases, ANA is the most common
antibody in AIE adult patients, being observed in 27%-60% of
cases [134]. Unfortunately, most of the studies did not report the
antibodies' titre.

5 | Conclusions

In this review, we presented a comprehensive and up-to-date
overview of the clinical manifestations, diagnosis and manage-
ment of liver diseases associated with the major autoimmune/
immune-mediated small bowel enteropathies. These condi-
tions often coexist, some being directly associated with chronic
immune-mediated diseases themselves, such as in the case of
hypertransaminasemia related to CeD, or PSC in IBD, whereas
others being related to the primary disease treatment or patients’
lifestyle, for example, drug-related hepatitis. Thus, in patients
with CeD and CD, annual or bi-annual monitoring with liver
function tests should be performed to ensure early detection
and treatment of liver-related complications. In these patients,
a multidisciplinary approach is indispensable, requiring the in-
volvement of gastroenterologists, hepatologists, immunologists,
radiologists and pathologists. This integrated approach is cru-
cial for optimising patient outcomes, as it allows for the timely
identification and management of complications that may arise
from either the liver or the small bowel disease.

Notably, the literature on liver involvement in immune-mediated
small bowel diseases, such as autoimmune enteropathy and re-
fractory celiac disease, remains limited. This scarcity hinders a
comprehensive understanding of the gut-liver axis and its clinical
implications, particularly in managing co-morbid hepatic condi-
tions. Additionally, the reliance on retrospective studies, small sam-
ple sizes and tertiary referral centres scenarios introduces potential
biases, including selection bias and publication bias, which may
distort findings and limit generalisability. Thus, further research
is needed to address these gaps and validate existing observations.

Author Contributions

The authors confirm contribution to the paper as follows: conceptu-
alization: Luca Elli, Nicoletta Nandi and Elena F. Verdu. Resources:
Nicoletta Nandi, Andres Jose Gomez-Aldana, Francesco Simone
Conforti and Marco Maggioni. Writing-original draft: Nicoletta Nandi,
Andres Jose Gomez-Aldana, Francesco Simone Conforti, Maria Ines
Pinto Sanchez and Elena F. Verdu. Writing - review and editing: Luca
Elli, Elena F. Verdu, Detlef Schuppan and Flavio Caprioli. All authors
reviewed the results and approved the final version of the manuscript.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The authors have nothing to report.

References

1. A. Schiepatti, D. S. Sanders, P. Baiardi, et al., “Nomenclature and
Diagnosis of Seronegative Coeliac Disease and Chronic Non-Coeliac
Enteropathies in Adults: The Paris Consensus,” Gut 71 (2022):
2218-2225.

2. M. I. Pinto-Sanchez, C. L. Seiler, N. Santesso, et al., “Association
Between Inflammatory Bowel Diseases and Celiac Disease: A
Systematic Review and Meta-Analysis,” Gastroenterology 159 (2020):
884-903.e31.

3.D. Roggenbuck, A. Goihl, M. Sowa, et al., “Human Glycoprotein-2
Expressed in Brunner Glands—A Putative Autoimmune Target and
Link Between Crohn's and Coeliac Disease,” Clinical Immunology 247
(2023): 109214.

4.].Konig,J. Wells, P. D. Cani, et al., “Human Intestinal Barrier Function
in Health and Disease,” Clinical and Translational Gastroenterology 7
(2016): e196.

5.K. Majumdar, P. Sakhuja, A. S. Puri, K. Gaur, A. Haider, and R.
Gondal, “Coeliac Disease and the Liver: Spectrum of Liver Histology,
Serology and Treatment Response at a Tertiary Referral Centre,”
Journal of Clinical Pathology 71 (2018): 412-419.

6.S. Mazza, S. Soro, M. C. Verga, et al., “Liver-Side of Inflammatory
Bowel Diseases: Hepatobiliary and Drug-Induced Disorders,” World
Journal of Hepatology 13 (2021): 1828-1849.

7. A. Albillos, A. de Gottardi, and M. Rescigno, “The Gut-Liver Axis
in Liver Disease: Pathophysiological Basis for Therapy,” Journal of
Hepatology 72 (2020): 558-577.

8. 0. Pabst, M. W. Hornef, F. G. Schaap, V. Cerovic, T. Clavel, and T.
Bruns, “Gut-Liver Axis: Barriers and Functional Circuits,” Nature
Reviews. Gastroenterology & Hepatology 20 (2023): 447-461.

9. G. Caio, U. Volta, A. Sapone, et al., “Celiac Disease: A Comprehensive
Current Review,” BMC Medicine 17 (2019): 142.

10. P. Singh, A. Arora, T. A. Strand, et al., “Global Prevalence of
Celiac Disease: Systematic Review and Meta-Analysis,” Clinical
Gastroenterology and Hepatology 16 (2018): 823-836.e2.

11.J. Saukkonen, K. Kaukinen, A. M. Koivisto, et al.,, “Clinical
Characteristics and the Dietary Response in Celiac Disease
Patients Presenting With or Without Anemia,” Journal of Clinical
Gastroenterology 51 (2017): 412-416.

12. L. Elli, F. Ferretti, S. Orlando, et al., “Management of Celiac Disease
in Daily Clinical Practice,” European Journal of Internal Medicine 61
(2019): 15-24.

13.F. Zingone, S. Maimaris, R. Auricchio, et al., “Guidelines of the
Italian Societies of Gastroenterology on the Diagnosis and Management
of Coeliac Disease and Dermatitis Herpetiformis,” Digestive and Liver
Disease 54 (2022): 1304-1319.

14. P. Lazzano, E. Fracas, N. Nandi, L. Scaramella, and L. Elli,
“Extraintestinal Complications of Celiac Disease: Treatment
Considerations,” Expert Review of Gastroenterology & Hepatology 18
(2024): 761-777.

15. A. Al-Toma, U. Volta, R. Auricchio, et al., “European Society for the
Study of Coeliac Disease (ESsCD) Guideline for Coeliac Disease and
Other Gluten-Related Disorders,” United European Gastroenterology
Journal 7 (2019): 583-613.

16. M. M. Leonard, B. Lebwohl, A. Rubio-Tapia, and F. Biagi, “AGA
Clinical Practice Update on the Evaluation and Management of
Seronegative Enteropathies: Expert Review,” Gastroenterology 160
(2021): 437-444.

17.N. E. Castillo, R. R. Vanga, T. G. Theethira, et al., “Prevalence of
Abnormal Liver Function Tests in Celiac Disease and the Effect
of a Gluten-Free Diet in the US Population,” American Journal of
Gastroenterology 110 (2015): 1216-1222.

8 of 12

Liver International, 2025

858017 SUOWILLIOD @A 118810 3cedl [dde ayy Aq peusenob a1e s9jole YO ‘@S Jo SN 10} Ariq18UIIUO AB|I UO (SUOTIPUOD-PUB-SWLBIW0 A8 |IM A eI 1 BUI|UO//SIL) SUORIPLOD PUe SWe | 8U S *[5202/20/62] o AkeiqiTaulluo Ae|Im (1IN 1A 1PNIS 1iBeaeiseun Aq 90202 AllTTTT OT/I0p/woo 8| 1M ARIqpul|uo//Sdny Wouy pepeojumod ‘g ‘5202 ‘TEZESLYT



18. S. Massironi, F. Branchi, R. E. Rossi, et al., “Hepatic Hemangioma in
Celiac Patients: Data From a Large Consecutive Series,” Gastroenterology
Research and Practice 2015 (2015): 749235.

19. M. Aggarwal, R. Garg, P. Kumar, et al., “Bi-Directional Relationship
Between Celiac Disease and Liver Chemistries: A Systematic Review and
Meta-Analysis,” Digestive Diseases and Sciences 68 (2023): 1369-1380.

20. A. Rubio-Tapia and J. A. Murray, “The Liver and Celiac Disease,”
Clinics in Liver Disease 23 (2019): 167-176.

21. A. Akinsanya and I. A. Gonzdlez, “Liver Manifestation of Patients
With Celiac Disease: A Single Center Experience,” Annals of Diagnostic
Pathology 71 (2024): 152327.

22. M. Magaz, H. Giudicelli-Lett, J. G. Abraldes, et al., “Porto-Sinusoidal
Vascular Liver Disorder With Portal Hypertension: Natural History and
Long-Term Outcome,” Journal of Hepatology 82 (2025): 72-83.

23.T. G. Cotter and M. Rinella, “Nonalcoholic Fatty Liver Disease 2020:
The State of the Disease,” Gastroenterology 158 (2020): 1851-1864.

24.T. Larussa, L. Abenavoli, A. C. Procopio, et al., “The Role of Gluten-
Free Diet in Nonalcoholic Fatty Liver Disease Development,” European
Review for Medical and Pharmacological Sciences 25 (2021): 6613-6618.

25.R. Liebe, I. Esposito, H. H. Bock, et al., “Diagnosis and Management
of Secondary Causes of Steatohepatitis,” Journal of Hepatology 74
(2021): 1455-1471.

26.J. Huang, W. Ou, M. Wang, et al.,, “MAFLD Criteria Guide the
Subtyping of Patients With Fatty Liver Disease,” Risk Management and
Healthcare Policy 14 (2021): 491-501.

27.M. E. Rinella, J. V. Lazarus, V. Ratziu, et al., “A Multisociety Delphi
Consensus Statement on New Fatty Liver Disease Nomenclature,”
Annals of Hepatology 29 (2024): 101133.

28.Z. M. Younossi, A. B. Koenig, D. Abdelatif, Y. Fazel, L. Henry, and
M. Wymer, “Global Epidemiology of Nonalcoholic Fatty Liver Disease-
Meta-Analytic Assessment of Prevalence, Incidence, and Outcomes,”
Hepatology 64 (2016): 73-84.

29. A. R. Rahimi, N. E. Daryani, H. Ghofrani, et al., “The Prevalence of
Celiac Disease Among Patients With Non-Alcoholic Fatty Liver Disease
in Iran,” Turkish Journal of Gastroenterology 22 (2011): 300-304.

30. N. Chalasani, Z. Younossi, J. E. Lavine, et al., “The Diagnosis and
Management of Nonalcoholic Fatty Liver Disease: Practice Guidance
From the American Association for the Study of Liver Diseases,”
Hepatology 67 (2018): 328-357.

31. G. Marchesini, M. Roden, and R. Vettor, “EASL-EASD-EASO
Clinical Practice Guidelines for the Management of Non-Alcoholic
Fatty Liver Disease,” Journal of Hepatology 64 (2016): 1388-1402.

32.0. L. Iacono, S. Petta, G. Venezia, et al, “Anti-Tissue
Transglutaminase Antibodies in Patients With Abnormal Liver Tests:
Is It Always Coeliac Disease?,” American Journal of Gastroenterology
100 (2005): 2472-2477.

33. M. T. Bardella, L. Valenti, C. Pagliari, et al., “Searching for Coeliac
Disease in Patients With Non-Alcoholic Fatty Liver Disease,” Digestive
and Liver Disease 36 (2004): 333-336.

34.S. Kamal, K. K. Aldossari, D. Ghoraba, et al., “Clinicopathological
and Immunological Characteristics and Outcome of Concomitant
Coeliac Disease and Non-Alcoholic Fatty Liver Disease in Adults: A
Large Prospective Longitudinal Study,” BMJ Open Gastroenterology 5
(2018): €000150.

35.M. D. M. Vecchi, C. Folli, M. F. Donato, S. Formenti, E. Arosio,
and R. Franchis, “High Rate of Positive Anti-Tissue Transglutaminase
Antibodies in Chronic Liver Disease,” Scandinavian Journal of
Gastroenterology 38 (2003): 50-54.

36. F. Mirzaagha, S. H. Azali, F. Islami, et al., “Coeliac Disease in
Autoimmune Liver Disease: A Cross-Sectional Study and a Systematic
Review,” Digestive and Liver Disease 42 (2010): 620-623.

37.J. F. Ludvigsson, P. Elfstrom, U. BroomE, A. Ekbom, and S. M.
Montgomery, “Celiac Disease and Risk of Liver Disease: A General
Population-Based Study,” Clinical Gastroenterology and Hepatology 5
(2007): 63-69.¢l.

38.1. Hoffmanova, D. Sanchez, L. Tuckova, and H. Tlaskalova-
Hogenovda, “Celiac Disease and Liver Disorders: From Putative
Pathogenesis to Clinical Implications,” Nutrients 10 (2018): 892.

39. L. Abenavoli, N. Milic, A. De Lorenzo, and F. Luzza, “A Pathogenetic
Link Between Non-Alcoholic Fatty Liver Disease and Celiac Disease,”
Endocrine 43 (2013): 65-67.

40. S. Pouwels, N. Sakran, Y. Graham, et al., “Non-Alcoholic Fatty Liver
Disease (NAFLD): A Review of Pathophysiology, Clinical Management
and Effects of Weight Loss,” BMC Endocrine Disorders 22 (2022): 63.

41.7]. Villavicencio Kim and G. Y. Wu, “Celiac Disease and Elevated
Liver Enzymes: A Review,” Journal of Clinical and Translational
Hepatology 9 (2021): 116-124.

42. B. Zanini, R. Basche, A. Ferraresi, et al., “Factors That Contribute to
Hypertransaminasemia in Patients With Celiac Disease or Functional
Gastrointestinal Syndromes,” Clinical Gastroenterology and Hepatology
12 (2014): 804-810.€2.

43.R. Fan, J. Wang, and J. Du, “Association Between Body Mass Index
and Fatty Liver Risk: A Dose-Response Analysis,” Scientific Reports 8
(2018):15273.

44. A. Raiteri, A. Granito, C. Faggiano, et al., “Hepatic Steatosis in
Patients With Celiac Disease: The Role of Packaged Gluten-Free Foods,”
Nutrients 14 (2022): 2942.

45.E. Valletta, M. Fornaro, M. Cipolli, S. Conte, F. Bissolo, and
C. Danchielli, “Celiac Disease and Obesity: Need for Nutritional
Follow-Up After Diagnosis,” European Journal of Clinical Nutrition 64
(2010): 1371-1372.

46. F. Tovoli, G. Negrini, R. Fari, et al., “Increased Risk of Nonalcoholic
Fatty Liver Disease in Patients With Coeliac Disease on a Gluten-Free
Diet: Beyond Traditional Metabolic Factors,” Alimentary Pharmacology
& Therapeutics 48 (2018): 538-546.

47. A. Rispo, N. Imperatore, M. Guarino, et al., “Metabolic-Associated
Fatty Liver Disease (MAFLD) in Coeliac Disease,” Liver International
41 (2021): 788-798.

48. M. Marciniak, A. Szymczak-Tomczak, D. Mahadea, P. Eder,
A. Dobrowolska, and I. Krela-Kazmierczak, “Multidimensional
Disadvantages of a Gluten-Free Diet in Celiac Disease: A Narrative
Review,” Nutrients 13 (2021): 643.

49.S. H. Vagvala and S. D. O'Connor, “Imaging of Abnormal Liver
Function Tests,” Clinical Liver Disease 11 (2018): 128-134.

50.J. A. Tye-Din, “Review Article: Follow-Up of Coeliac Disease,”
Alimentary Pharmacology & Therapeutics 56, no. Suppl 1 (2022): S49-S63.

51. A. Aboubakr, A. Stroud, S. Kumar, and C. Newberry, “Dietary
Approaches for Management of Non-Alcoholic Fatty Liver Disease: A
Clinician's Guide,” Current Gastroenterology Reports 23 (2021): 21.

52.J. F. Ludvigsson, J. C. Bai, F. Biagi, et al., “Diagnosis and
Management of Adult Coeliac Disease: Guidelines From the British
Society of Gastroenterology,” Gut 63 (2014): 1210-1228.

53. A. Rubio-Tapia, I. D. Hill, C. P. Kelly, A. H. Calderwood, and J.
A. Murray, “ACG Clinical Guidelines: Diagnosis and Management
of Celiac Disease,” American Journal of Gastroenterology 108 (2013):
656-676.

54.D. A. Leffler, M. Dennis, B. Hyett, E. Kelly, D. Schuppan, and C. P.
Kelly, “Etiologies and Predictors of Diagnosis in Nonresponsive Celiac
Disease,” Clinical Gastroenterology and Hepatology 5 (2007): 445-450.

55. A. S. Abdulkarim, L. J. Burgart, J. See, and J. A. Murray, “Etiology
of Nonresponsive Celiac Disease: Results of a Systematic Approach,”
American Journal of Gastroenterology 97 (2002): 2016-2021.

9o0f12

858017 SUOWILLIOD @A 118810 3cedl [dde ayy Aq peusenob a1e s9jole YO ‘@S Jo SN 10} Ariq18UIIUO AB|I UO (SUOTIPUOD-PUB-SWLBIW0 A8 |IM A eI 1 BUI|UO//SIL) SUORIPLOD PUe SWe | 8U S *[5202/20/62] o AkeiqiTaulluo Ae|Im (1IN 1A 1PNIS 1iBeaeiseun Aq 90202 AllTTTT OT/I0p/woo 8| 1M ARIqpul|uo//Sdny Wouy pepeojumod ‘g ‘5202 ‘TEZESLYT



56. G. Malamut, P. Afchain, V. Verkarre, et al., “Presentation and Long-
Term Follow-Up of Refractory Celiac Disease: Comparison of Type I
With Type I1,” Gastroenterology 136 (2009): 81-90.

57. G. Malamut, S. Cording, and N. Cerf-Bensussan, “Recent Advances
in Celiac Disease and Refractory Celiac Disease,” F1000Res 8 (2019):
969.

58.J. Gale, P. D. Simmonds, G. M. Mead, J. W. Sweetenham, and D.
H. Wright, “Enteropathy-Type Intestinal T-Cell Lymphoma: Clinical
Features and Treatment of 31 Patients in a Single Center,” Journal of
Clinical Oncology 18 (2000): 795-803.

59. A. Al-toma, W. H. M. Verbeek, M. Hadithi, B. M. E. Von Blomberg,
and C. J. J. Mulder, “Survival in Refractory Coeliac Disease and
Enteropathy-Associated T-Cell Lymphoma: Retrospective Evaluation of
Single-Centre Experience,” Gut 56 (2007): 1373-1378.

60. A. Rubio-Tapia, D. G. Kelly, B. D. Lahr, A. Dogan, T. T. Wu, and J. A.
Murray, “Clinical Staging and Survival in Refractory Celiac Disease: A
Single Center Experience,” Gastroenterology 136 (2009): 99-107.

61. S. L. Neuhausen, L. Steele, S. Ryan, et al., “Co-Occurrence of Celiac
Disease and Other Autoimmune Diseases in Celiacs and Their First-
Degree Relatives,” Journal of Autoimmunity 31 (2008): 160-165.

62. L. Haggard, I. Glimberg, B. Lebwohl, et al., “High Prevalence of
Celiac Disease in Autoimmune Hepatitis: Systematic Review and Meta-
Analysis,” Liver International 41 (2021): 2693-2702.

63. M. Weber, N. Wolf, F. Branchi, et al., “Results From the German
Registry for Refractory Celiac Disease,” Zeitschrift fiir Gastroenterologie
59 (2021): 944-953.

64. L. Elli, P. Soru, L. Roncoroni, et al., “Clinical Features of Type 1
and 2 Refractory Celiac Disease: Results From a Large Cohort Over a
Decade,” Digestive and Liver Disease 55 (2023): 235-242.

65.W. H. M. Verbeek, W. H. Verbeek, B. M. von Blomberg, et al.,
“Aberrant T-Lymphocytes in Refractory Coeliac Disease Are Not
Strictly Confined to a Small Intestinal Intraepithelial Localization,”
Cytometry Part B, Clinical Cytometry 76 (2009): 367-374.

66. C. Cellier, E. Delabesse, C. Helmer, et al., “Refractory Sprue, Coeliac
Disease, and Enteropathy-Associated T-Cell Lymphoma,” Lancet 356
(2000): 203-208.

67. V. Verkarre, V. Asnafi, T. Lecomte, et al., “Refractory Coeliac Sprue
Is a Diffuse Gastrointestinal Disease,” Gut 52 (2003): 205-211.

68. J. Pastré, K. Juvin, G. Malamut, C. Derrieux, C. Cellier, and D. Israél-
Biet, “Phenotypically Aberrant Clonal T Cells in the Lungs of Patients
With Type II Refractory Celiac Disease,” Blood 123 (2014): 3674-3675.

69. C. Cellier, N. Patey, L. Mauvieux, et al., “Abnormal Intestinal
Intraepithelial Lymphocytes in Refractory Sprue,” Gastroenterology 114
(1998): 471-481.

70. B. Roshan, D. A. Leffler, S. Jamma, et al., “The Incidence and Clinical
Spectrum of Refractory Celiac Disease in a North American Referral
Center,” American Journal of Gastroenterology 106 (2011): 923-928.

71.N. Nandi, G. A. Croci, F. G. Rossi, L. Cro, M. Vecchi, and L. Elli,
“Normalization of Duodenal Mucosa After Treatment With Janus
Kinase (JAK) Inhibitor in Refractory Celiac Disease Type 2,” Clinics
and Research in Hepatology and Gastroenterology 46 (2022): 101960.

72.M. Sieniawski, N. Angamuthu, K. Boyd, et al., “Evaluation of
Enteropathy-Associated T-Cell Lymphoma Comparing Standard
Therapies With a Novel Regimen Including Autologous Stem Cell
Transplantation,” Blood 115 (2010): 3664-3670.

73.S.Y.Tan,S.S. Chuang, T. Tang, et al., “Type I EATL (Epitheliotropic
Intestinal T-Cell Lymphoma): A Neoplasm of Intra-Epithelial T-Cells
With Predominant CD8aa Phenotype,” Leukemia 27 (2013): 1688-1696.

74. P. Nijeboer, G. Malamut, C.J. Mulder, et al., “Enteropathy-Associated
T-Cell Lymphoma: Improving Treatment Strategies,” Digestive Diseases
33 (2015): 231-235.

75.G. Malamut, O. Chandesris, V. Verkarre, et al.,, “Enteropathy
Associated T Cell Lymphoma in Celiac Disease: A Large Retrospective
Study,” Digestive and Liver Disease 45 (2013): 377-384.

76. A. Jena, P. Kumar-M, A. Kumar, et al., “Liver Abnormalities in
Celiac Disease and Response to Gluten Free Diet: A Systematic Review
and Meta-Analysis,” Journal of Gastroenterology and Hepatology 38
(2023): 11-22.

77.M. A. Kalas, L. Chavez, M. Leon, P. T. Taweesedt, and S. Surani,
“Abnormal Liver Enzymes: A Review for Clinicians,” World Journal of
Hepatology 13 (2021): 1688-1698.

78. W. Dickey, S. A. McMillan, J. S. Collins, R. G. Watson, J. C.
McLoughlin, and A. H. L. Liver, “Liver Abnormalities Associated With
Celiac Sprue. How Common Are They, What Is Their Significance, and
What Do We Do About Them?,” Journal of Clinical Gastroenterology 20
(1995): 290-292.

79. L. Elli, D. Leffler, C. Cellier, et al., “Guidelines for Best Practices
in Monitoring Established Coeliac Disease in Adult Patients,” Nature
Reviews. Gastroenterology & Hepatology 21 (2024): 198-215.

80. S. Massironi, R. E. Rossi, M. Fraquelli, et al., “Transient Elastography
in Patients With Celiac Disease: A Noninvasive Method to Detect Liver
Involvement Associated With Celiac Disease,” Scandinavian Journal of
Gastroenterology 47 (2012): 640-6438.

81. M. Mandorfer, J. G. Abraldes, and A. Berzigotti, “Non-Invasive
Assessment of Portal Hypertension: Liver Stiffness and Beyond,” JHEP
Reports 7 (2025): 101300.

82. K. Patel, S. K. Asrani, M. L. Fiel, et al., “Accuracy of Blood-Based
Biomarkers for Staging Liver Fibrosis in Chronic Liver Disease: A
Systematic Review Supporting the AASLD Practice Guideline,”
Hepatology 81 (2025): 358-379.

83. A. Rubio-Tapia, I. D. Hill, C. Semrad, C. P. Kelly, and B. Lebwohl,
“American College of Gastroenterology Guidelines Update:
Diagnosis and Management of Celiac Disease,” American Journal of
Gastroenterology 118 (2023): 59-76.

84.C. L. Mack, D. Adams, D. N. Assis, et al., “Diagnosis and
Management of Autoimmune Hepatitis in Adults and Children: 2019
Practice Guidance and Guidelines From the American Association for
the Study of Liver Diseases,” Hepatology 72 (2020): 671-722.

85. European Association for the Study of the Liver, “EASL Clinical
Practice Guidelines: Autoimmune Hepatitis,” Journal of Hepatology 63
(2015): 971-1004.

86.J. Neuberger, J. Patel, H. Caldwell, et al., “Guidelines on the
Use of Liver Biopsy in Clinical Practice From the British Society of
Gastroenterology, the Royal College of Radiologists and the Royal
College of Pathology,” Gut 69 (2020): 1382-1403.

87.J. Torres, S. Mehandru, J.-F. Colombel, and L. Peyrin-Biroulet,
“Crohn's Disease,” Lancet 389 (2017): 1741-1755.

88.E. Gizard, A. C. Ford, J. P. Bronowicki, and L. Peyrin-Biroulet,
“Systematic Review: The Epidemiology of the Hepatobiliary
Manifestations in Patients With Inflammatory Bowel Disease,”
Alimentary Pharmacology & Therapeutics 40 (2014): 3-15.

89.F. D. Mendes, C. Levy, F. B. Enders, E. V. Loftus, P. Angulo, and
K. D. Lindor, “Abnormal Hepatic Biochemistries in Patients With
Inflammatory Bowel Disease,” American Journal of Gastroenterology
102 (2007): 344-350.

90. M. Zamani, S. Alizadeh-Tabari, S. Singh, and R. Loomba, “Meta-
Analysis: Prevalence of, and Risk Factors for, Non-Alcoholic Fatty Liver
Disease in Patients With Inflammatory Bowel Disease,” Alimentary
Pharmacology & Therapeutics 55 (2022): 894-907.

91. K. Glassner, H. M. Malaty, and B. P. Abraham, “Epidemiology and
Risk Factors of Nonalcoholic Fatty Liver Disease Among Patients With
Inflammatory Bowel Disease,” Inflammatory Bowel Diseases 23 (2017):
998-1003.

10 of 12

Liver International, 2025

858017 SUOWILLIOD @A 118810 3cedl [dde ayy Aq peusenob a1e s9jole YO ‘@S Jo SN 10} Ariq18UIIUO AB|I UO (SUOTIPUOD-PUB-SWLBIW0 A8 |IM A eI 1 BUI|UO//SIL) SUORIPLOD PUe SWe | 8U S *[5202/20/62] o AkeiqiTaulluo Ae|Im (1IN 1A 1PNIS 1iBeaeiseun Aq 90202 AllTTTT OT/I0p/woo 8| 1M ARIqpul|uo//Sdny Wouy pepeojumod ‘g ‘5202 ‘TEZESLYT



92.R. M. Mancina, R. Spagnuolo, M. Milano, et al., “PNPLA3 148M
Carriers With Inflammatory Bowel Diseases Have Higher Susceptibility
to Hepatic Steatosis and Higher Liver Enzymes,” Inflammatory Bowel
Diseases 22 (2016): 134-140.

93.S. McHenry, Y. Sharma, A. Tirath, et al,, “Crohn's Disease Is
Associated With an Increased Prevalence of Nonalcoholic Fatty
Liver Disease: A Cross-Sectional Study Using Magnetic Resonance
Proton Density Fat Fraction Mapping,” Clinical Gastroenterology and
Hepatology 17 (2019): 2816-2818.

94. M. Principi, A. Iannone, G. Losurdo, et al., “Nonalcoholic Fatty
Liver Disease in Inflammatory Bowel Disease: Prevalence and Risk
Factors,” Inflammatory Bowel Diseases 24 (2018): 1589-1596.

95. A. Lapidus, M. Béangstad, M. Astrom, and O. Muhrbeck, “The
Prevalence of Gallstone Disease in a Defined Cohort of Patients With
Crohn's Disease,” American Journal of Gastroenterology 94 (1999):
1261-1266.

96. M. J. Grainge, J. West, and T. R. Card, “Venous Thromboembolism
During Active Disease and Remission in Inflammatory Bowel Disease:
A Cohort Study,” Lancet 375 (2010): 657-663.

97. P. A. Olivera, S. Zuily, P. G. Kotze, et al., “International Consensus
on the Prevention of Venous and Arterial Thrombotic Events in Patients
With Inflammatory Bowel Disease,” Nature Reviews. Gastroenterology
& Hepatology 18 (2021): 857-873.

98.J. L. Bernabeu, E. Leo, C. Trigo, J. M. Herrera, J. M. Sousa, and J. L.
Marquez, “Crohn's Disease and Liver Abscess due to Pediococcus sp,”
Inflammatory Bowel Diseases 17 (2011): 2207-2208.

99. A. R. Tagliaferri, H. Ruparel, G. Melki, and W. Baddoura, “Liver
Abscess Secondary to Crohn's Disease: A Case Report,” Cureus 14
(2022): €23157.

100. R. Gaspar, G. Macedo, and C. C. Branco, “Liver Manifestations
and Complications in Inflammatory Bowel Disease: A Review,” World
Journal of Hepatology 13 (2021): 1956-1967.

101. T. H. Karlsen, T. Folseraas, D. Thorburn, and M. Vesterhus,
“Primary Sclerosing Cholangitis - a Comprehensive Review,” Journal of
Hepatology 67 (2017): 1298-1323.

102. A. Ricciuto, B. M. Kamath, and A. M. Griffiths, “The IBD and PSC
Phenotypes of PSC-IBD,” Current Gastroenterology Reports 20 (2018):
16.

103. O. Chazouilleres, U. Beuers, A. Bergquist, et al., “EASL Clinical
Practice Guidelines on Sclerosing Cholangitis,” Journal of Hepatology
77 (2022): 761-806.

104. E. Bjornsson, R. Olsson, A. Bergquist, et al., “The Natural History
of Small-Duct Primary Sclerosing Cholangitis,” Gastroenterology 134
(2008): 975-980.

105.R. Saich and R. Chapman, “Primary Sclerosing Cholangitis,
Autoimmune Hepatitis and Overlap Syndromes in Inflammatory Bowel
Disease,” World Journal of Gastroenterology 14 (2008): 331-337.

106. R. Conway and J. J. Carey, “Risk of Liver Disease in Methotrexate
Treated Patients,” World Journal of Hepatology 9 (2017): 1092-1100.

107. V. Di Martino, D. W. Verhoeven, F. Verhoeven, et al., “Busting
the Myth of Methotrexate Chronic Hepatotoxicity,” Nature Reviews
Rheumatology 19 (2023): 96-110.

108. T. Koller, M. Galambosova, S. Filakovska, et al., “Drug-Induced Liver
Injury in Inflammatory Bowel Disease: 1-Year Prospective Observational
Study,” World Journal of Gastroenterology 23 (2017): 4102-4111.

109.J. Roselli, T. Innocenti, E. N. Lynch, et al., “Increased Risk of Liver
Cirrhosis During Azathioprine Therapy for Crohn's Disease,” Case
Reports in Gastrointestinal Medicine 2020 (2020): 1-3.

110. R. Catanzaro, F. Marotta, A. Yazdani, and M. Sciuto, “Inflammatory
Bowel Disease Therapies and Acute Liver Injury,” Toxics 12 (2024): 421.

111.E. Akbal, S. Kokli, E. Kocak, B. Cakal, and F. Kilig,
“5-Aminosalicyclic Acid Induced Multisystem Disorders in the Course
of Crohn's Disease,” Journal of Crohn's & Colitis 4 (2010): 345-346.

112. J. Carvalheiro, S. Mendes, and C. Sofia, “Infliximab Induced Liver
Injury in Crohn's Disease: A Challenging Diagnosis,” Journal of Crohn's
& Colitis 8 (2014): 436-437.

113. M. Mustafa Alikhan, E. Mansoor, S. Satyavada, et al., “Infliximab-
Induced Acute Liver Failure in a Patient With Crohn's Disease Requiring
Orthotopic Liver Transplantation,” ACG Case Reports Journal 8 (2021):
€00586.

114. M. Harbord, V. Annese, S. R. Vavricka, et al., “The First European
Evidence-Based Consensus on Extra-Intestinal Manifestations in
Inflammatory Bowel Disease,” Journal of Crohn's & Colitis 10 (2016):
239-254.

115. M. Dave, B. J. Elmunzer, B. A. Dwamena, and P. D. R. Higgins,
“Primary Sclerosing Cholangitis: Meta-Analysis of Diagnostic
Performance of MR Cholangiopancreatography,” Radiology 256 (2010):
387-396.

116. F. H. Saner, A. Frey, B. O. Stiiben, et al., “Transplantation for
Primary Sclerosing Cholangitis: Outcomes and Recurrence,” Journal of
Clinical Medicine 12 (2023): 3405.

117. C. K. Triantos, N. M. Koukias, V. N. Nikolopoulou, and A. K.
Burroughs, “Meta-Analysis: Ursodeoxycholic Acid for Primary
Sclerosing Cholangitis,” Alimentary Pharmacology & Therapeutics 34
(2011): 901-910.

118. C.S.Tse, E. V. Loftus, L. E. Raffals, A. A. Gossard,and A. L. Lightner,
“Effects of Vedolizumab, Adalimumab and Infliximab on Biliary
Inflammation in Individuals With Primary Sclerosing Cholangitis
and Inflammatory Bowel Disease,” Alimentary Pharmacology &
Therapeutics 48 (2018): 190-195.

119. C. R. H. Hedin, G. Sado, N. Ndegwa, et al., “Effects of Tumor
Necrosis Factor Antagonists in Patients With Primary Sclerosing
Cholangitis,” Clinical Gastroenterology and Hepatology 18 (2020): 2295-
2304.e2.

120.K. D. Lynch, R. W. Chapman, S. Keshav, et al., “Effects of
Vedolizumab in Patients With Primary Sclerosing Cholangitis and
Inflammatory Bowel Diseases,” Clinical Gastroenterology and
Hepatology 18 (2020): 179-187.e6.

121. B. Caron, L. Peyrin-Biroulet, B. Pariente, et al., “Vedolizumab
Therapy Is Ineffective for Primary Sclerosing Cholangitis in Patients
With Inflammatory Bowel Disease: A GETAID Multicentre Cohort
Study,” Journal of Crohn’s & Colitis 13 (2019): 1239-1247.

122. F. S. Fousekis, V. I. Theopistos, K. H. Katsanos, E. V. Tsianos, and
D. K. Christodoulou, “Hepatobiliary Manifestations and Complications
in Inflammatory Bowel Disease: A Review,” Gastroenterology Research
11 (2018): 83-94.

123. K. K. Leung, M. Deeb, and G. M. Hirschfield, “Review Article:
Pathophysiology and Management of Primary Biliary Cholangitis,”
Alimentary Pharmacology & Therapeutics 52 (2020): 1150-1164.

124. C. B. Chen, F. Tahboub, T. Plesec, M. Kay, and K. Radhakrishnan,
“A Review of Autoimmune Enteropathy and Its Associated Syndromes,”
Digestive Diseases and Sciences 65 (2020): 3079-3090.

125. J. A. Walker-Smith, D. J. Unsworth, P. Hutchins, A. D. Phillips, and
E. J. Holborow, “Autoantibodies Against Gut Epithelium in Child With
Small-Intestinal Enteropathy,” Lancet 1 (1982): 566-567.

126.D. J. Unsworth and J. A. Walker-Smith, “Autoimmunity in
Diarrhoeal Disease,” Journal of Pediatric Gastroenterology and Nutrition
4(1985): 375-380.

127. G. R. Corazza, F. Biagi, U. Volta, M. L. Andreani, L. de Franceschi,
and G. Gasbarrini, “Autoimmune Enteropathy and Villous Atrophy in
Adults,” Lancet 350 (1997): 106-109.

11 of 12

858017 SUOWILLIOD @A 118810 3cedl [dde ayy Aq peusenob a1e s9jole YO ‘@S Jo SN 10} Ariq18UIIUO AB|I UO (SUOTIPUOD-PUB-SWLBIW0 A8 |IM A eI 1 BUI|UO//SIL) SUORIPLOD PUe SWe | 8U S *[5202/20/62] o AkeiqiTaulluo Ae|Im (1IN 1A 1PNIS 1iBeaeiseun Aq 90202 AllTTTT OT/I0p/woo 8| 1M ARIqpul|uo//Sdny Wouy pepeojumod ‘g ‘5202 ‘TEZESLYT



128.R. L. J. van Wanrooij, E. A. Neefjes-Borst, H. J. Bontkes, et al.,
“Adult-Onset Autoimmune Enteropathy in an European Tertiary
Referral Center,” Clinical and Translational Gastroenterology 12 (2021):
€00387.

129.S. Akram, J. A. Murray, D. S. Pardi, et al.,, “Adult Autoimmune
Enteropathy: Mayo Clinic Rochester Experience,” Clinical
Gastroenterology and Hepatology 5 (2007): 1282-1290.

130. A. Sharma, R. S. Choung, X. J. Wang, et al., “Features of Adult
Autoimmune Enteropathy Compared With Refractory Celiac Disease,”
Clinical Gastroenterology and Hepatology 16 (2018): 877-883.e1.

131.N. M. Gentile, J. A. Murray, and D. S. Pardi, “Autoimmune
Enteropathy: A Review and Update of Clinical Management,” Current
Gastroenterology Reports 14 (2012): 380-385.

132.J. A. Vanderhoof and R. J. Young, “Autoimmune Enteropathy
in a Child: Response to Infliximab Therapy,” Journal of Pediatric
Gastroenterology and Nutrition 34 (2002): 312-316.

133. T. Von Hahn, D. Stopik, M. Koch, B. Wiedenmann, and A. Dignass,
“Management of Severe Refractory Adult Autoimmune Enteropathy
With Infliximab and Tacrolimus,” Digestion 71 (2005): 141-144.

134. G. Iaquinto, L. Panico, G. Luongo, et al., “Adult Autoimmune
Enteropathy in Autoimmune Hepatitis Patient. Case Report
and Literature Review,” Clinics and Research in Hepatology and
Gastroenterology 45 (2021): 101673.

135.Z. Ahmed, A. Imdad, J. A. Connelly, and S. Acra, “Autoimmune
Enteropathy: An Updated Review With Special Focus on Stem Cell
Transplant Therapy,” Digestive Diseases and Sciences 64 (2019): 643-654.

136. V. Villanacci, V. Lougaris, A. Ravelli, et al., “Clinical Manifestations
and Gastrointestinal Pathology in 40 Patients With Autoimmune
Enteropathy,” Clinical Immunology 207 (2019): 10-17.

137.R.1. G. Holt, J. H. DeVries, A. Hess-Fischl, et al., “The Management
of Type 1 Diabetes in Adults. A Consensus Report by the American
Diabetes Association (ADA) and the European Association for the
Study of Diabetes (EASD),” Diabetes Care 44 (2021): 2589-2625.

138.1. Ben-skowronek, “IPEX Syndrome: Genetics and Treatment
Options,” Genes 12 (2021): 1-13.

139. F. Barzaghi, L. C. Amaya Hernandez, B. Neven, et al., “Long-Term
Follow-Up of IPEX Syndrome Patients After Different Therapeutic
Strategies: An International Multicenter Retrospective Study,” Journal
of Allergy and Clinical Immunology 141 (2018): 1036-1049.e5.

12 of 12

Liver International, 2025

858017 SUOWILLIOD @A 118810 3cedl [dde ayy Aq peusenob a1e s9jole YO ‘@S Jo SN 10} Ariq18UIIUO AB|I UO (SUOTIPUOD-PUB-SWLBIW0 A8 |IM A eI 1 BUI|UO//SIL) SUORIPLOD PUe SWe | 8U S *[5202/20/62] o AkeiqiTaulluo Ae|Im (1IN 1A 1PNIS 1iBeaeiseun Aq 90202 AllTTTT OT/I0p/woo 8| 1M ARIqpul|uo//Sdny Wouy pepeojumod ‘g ‘5202 ‘TEZESLYT



	Liver Involvement in Celiac Disease and Immune-Mediated Diseases of the Small Bowel
	ABSTRACT
	1   |   Introduction
	2   |   Liver Pathology in Celiac Disease
	2.1   |   Liver Pathology in Refractory Celiac Disease
	2.2   |   Management of Liver Function Test Alterations in Celiac Disease and Refractory Celiac Disease

	3   |   Liver Pathology in Crohn's Disease
	3.1   |   Non-Immune-Mediated Liver Disorders Associated With Crohn's Disease
	3.2   |   Immune-Mediated Liver Disorders Associated With Crohn's Disease
	3.3   |   Drug-Induced Liver Injury in Crohn's Disease
	3.4   |   Management of Liver Function Test Alterations in Crohn's Disease

	4   |   Liver Pathology in Autoimmune Enteropathy (AIE)
	5   |   Conclusions
	Author Contributions
	Conflicts of Interest
	Data Availability Statement
	References


