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Abstract
Hepatocellular adenoma (HCA) is a benign hepatocellular neoplasm, commonly 
occurs in young women with a history of oral contraceptive use. Complications 
including hemorrhage and malignant transformation necessitate the need for a 
thorough understanding of the underlying molecular signatures in this entity. 
Recent molecular studies have significantly expanded our knowledge of HCAs. 
The well-developed phenotype-genotype classification system improves clinical 
management through identifying “high risk” subtype of HCAs. In this article, we 
attempt to provide updated information on clinical, pathologic and molecular 
features of each subtype of HCAs.

Key Words: Hepatocellular adenoma; Subtype; Pathology; Classification; Hepatocellular 
carcinoma
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Core Tip: Hepatocellular adenoma (HCA) has been well recognized as a benign liver 
neoplasm with risks of hemorrhage and malignant transformation. Studies revealed that 
different HCA subtypes with specific genetic mutation and pathologic findings are 
associated with different clinical features. Currently HCAs are classified into at least 5 
major subtypes, involving 4 different pathways driving HCA pathogenesis: Hepatocyte 
nuclear factor 1A, interleukin-6/the Janus kinase/signal transducer and activator of 
transcription, β-catenin, and Sonic hedgehog pathway.
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INTRODUCTION
Hepatocellular adenoma (HCA) is an uncommon benign liver neoplasm with two major complications: 
Hemorrhage and malignant transformation. Epidemiological data from the United States and European 
countries have revealed HCAs occur mainly in young to middle-aged women (median ages: 36-38 years, 
female/male ratio of 8:1), often with a history of long-term use of oral contraceptives (OCPs)[1,2]. 
Besides the well-known risk factor of exogenous estrogen exposure, other risk factors, such as androgen 
use, obesity, fatty liver disease, glycogen storage disease (GSD), especially GSD type 1, hepatic vascular 
disorders and other genetic disorders are also associated with the occurrence of HCA[2-6]. However, 
epidemiological data from Asia, where the use of OCPs and the incidence of obesity are lower, are 
unclear. Limited studies from Taiwan, China and Japan showed a male predominance in patients with 
HCA[7-11]. Further exploration of these epidemiological differences is needed to better understand the 
pathogenesis of HCA.

Historically, HCA was thought to be a single group of tumor. Recent advances in HCA clinicopath-
ologic features and molecular biology have not only enhanced our understanding of the disease 
pathogenesis, but also significantly transitioned into the daily practice of pathology-morpho-molecular 
correlation. It is known now that HCA is a heterogenous group of liver tumors with heterogenous 
etiology, clinical presentation, risk of malignant transformation or hemorrhage, radiologic findings, 
histopathologic features, clinical management strategies and underlying molecular changes. In the 
current review, we will provide an overview of the current knowledge of how HCA histomorphology 
correlates to its underlying molecular changes, as well as discuss the controversies in some HCA 
variants.

HCA: MORPHO-MOLECULAR CLASSIFICATION
Currently, HCAs are classified into hepatocyte nuclear factor 1A (HNF-1A) inactivated HCA (H-HCA), 
inflammatory HCA (I-HCA), β-catenin activated HCA (b-HCA), as well as unclassified HCA (U-HCA) 
based on underlying molecular changes in 3 different pathways driving benign hepatocytic prolif-
eration: HNF-1A, interleukin-6/the Janus kinase/signal transducer and activator of transcription (IL-
6/JAK/STAT), and β-catenin signaling. A new subtype of Sonic hedgehog HCA (shHCA) has been 
recently described[2], which still needs further characterization. The different mutations in HCA 
identified to date are summarized in Table 1.

H-HCA
As the first identified subtype, HNF-1A-inactivated HCA was proposed by a French group in their 
pioneer work published in 2002. In an attempt to search for tumor suppressor gene in HCA, Bluteau et 
al[12] genotyped DNA from HCAs and confirmed the bi-allelic inactivation of HNF-1A gene in a 
subgroup of tumors. HNF-1A is an important transcription factor regulating hepatocytes differentiation. 
It is mainly expressed in pancreatic beta cells, intestine, and liver, that plays an important role in the 
regulation of glycolipid metabolism[13,14]. Specifically, HNF-1A positively regulates FABP1 gene, 
which encodes liver fatty acid binding protein (L-FABP). As a result of HNF-1A inactivated mutation, 
expression of L-FABP is downregulated, along with diffuse steatosis due to dysregulated lipogenesis.

As expected, HNF-1A-inactivated HCA histomorphologically shows diffuse marked steatosis 
(Figure 1A). Immunohistochemical stain for L-FABP is negative (Figure 1B), indicating the functional 
loss of HNF-1A gene. Of note, some H-HCAs may not show steatosis and some other subtype HCAs 
such as I-HCAs can be seen with marked steatosis. Therefore, steatosis alone should not be used as a 
sole feature to diagnose H-HCAs. This subtype of HCA approximately composes of 30%-35% of overall 
HCAs and is mainly due to somatic mutation. Typical H-HCA can also be detected in magnetic 
resonance imaging (MRI), with diffuse and homogenous signal dropout on T1-weighted images, due to 
massive fat component[15]. In the clinical aspect, cases of familial liver adenomatosis (greater than 10 
adenomas in the liver) have been consistently linked to the germline mutation of HNF-1A[16], which is 
also the genotype in “Maturity onset diabetes of the young, type 3 (MODY3)”. Thus, detection of liver 
adenomatosis with H-HCA is suggested to start family screen for familial adenomatosis, MODY3 
diabetes, and the HNF-1A germline mutation[17]. Although H-HCA is not usually associated with 
malignant transformation, hepatocellular carcinoma (HCC) has been reported to arise in the settings of 
sporadic HCAs[18] as well as those in patients with hepatic vascular disorders or MODY3[19], 
especially in female patients with multiple lesions without significant steatosis and presence of myxoid 
change, peliosis and sinusoidal dilatation[3].

I-HCA
Accumulating evidence suggests a critical role of inflammatory response in tumorigenesis, including 
STAT signaling pathway in the development of breast and lung cancer[20]. Similarly, a subtype of 
inflammatory epithelial tumors has been described in the family of HCA, involving the IL-6/ 
JAK/STAT3 signaling pathway[21]. IL-6 belongs to the IL-6 cytokine family, which binds to the ligand-
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Table 1 Morpho-molecular features of the subtypes of hepatocellular adenoma

Key pathogenesis Histology Immunohistochemical 
stains Clinical features

H-HCA HNF1A inactivating mutation: Negative 
regulation of glycolipid metabolism and L-
FABP 

Marked steatosis L-FABP: Negative Associated with maturity 
onset diabetes of the young 
(MODY3) and familial hepatic 
adenomatosis

I-HCA IL-6/JAK/STAT3 pathway mutations: (1) 
Constitutive activation of inflammatory 
pathway; and (2) Upregulation of acute 
reactants and hepatocellular proliferation

(1) Inflammatory infilt-
ration; (2) Pseudoportal 
tracts; (3) Ductular 
reaction; and (4) 
Sinusoidal dilatation/ 
peliosis

SSA and CRP: Diffuse 
positive

Obesity, metabolic syndrome, 
glycogen storage disease, 
high alcohol consumption, 
inflammatory syndrome

b-HCA (1) CTNNB1 gene mutation: Activation of 
signaling pathway and upregulation of 
targeted genes including GS; and (2) Level of 
activation depends on mutation loci (Exon 3 
Non-S45: Strong activation; S45: Weak 
activation, and T41: Moderate activation; Exon 
7/8: Weak activation)

More atypical features: 
Pseudoacini and mild 
cytologic atypia

(1) β-catenin: Aberrant 
nuclear expression; and (2) 
GS: Positive

More in men, anabolic 
steroids use, glycogen storage 
disease, high risk of 
malignant transformation, 
and high risk of bleeding 
(exon 7/8)

b-IHCA Share the features of both b-HCA and I-HCA

shHCA INHBE-GLI1 gene fusion: Constitutive 
activation of Sonic hedgehog pathway

Hemorrhage PTGSD and ASS1 High risk of bleeding and 
obesity

Unclassified Not other specified

Uncommon 
subtypes

Myxoid HCA, pigmented HCA, atypical HCA, I-ICA in cirrhotic liver

HNF1A: Hepatocyte nuclear factor 1A; L-FABP: Liver fatty acid binding protein; SSA: Serum amyloid A; CRP: C-reactive protein; CTNNB1: Catenin beta 1; 
GS: Glutamine synthetase; INHBE-GLI1: Inhibin beta E chain/glioma-associated oncogene 1; PTGDS: Prostaglandin D synthase; ASS1: Argininosuccinate 
Synthase 1; HCA: Hepatocellular adenoma; I-HCA: Inflammatory HCA; H-HCA: HNF1A-inactivated HCA; shHCA: Sonic hedgehog HCA; b-HCA: β-
catenin mutated HCA.

specific receptor gp130 to initiate the downstream signaling. This activates downstream signaling 
pathways such as the Src-homology 2 domain-containing tyrosine phosphatase 2 (SHP2)-Ras-ERK, 
JAK1/2-STAT3, mosaic G-protein alpha-subunit (GNAS), and the phosphatidylinositol-3-kinase/Akt 
and the mechanistic target of rapamycin (PI3K-AKT-mTOR), and further the expression of targe genes 
that regulate cell survival, proliferation and angiogenesis[2,22]. Rebouissou et al[21] demonstrated that 
60% of I-HCA harbored small in-frame deletions of IL6ST gene (encodes the signaling co-receptor 
gp130), resulting in the constitutive activation of IL-6 signaling and hepatocellular proliferation in the 
absence of ligand binding. The remaining I-HCAs are linked to other mutations that belong to IL-
6/JAK/STAT3 family. The inflammatory response is well-observed histologically[23], characterized by 
inflammatory infiltration of lymphocytes, plasma cells and neutrophils, ductular reaction, and 
sinusoidal dilatation/peliosis (Figure 1C). Immunohistochemical stain is remarkable for diffuse overex-
pression of acute-phase inflammatory protein such as serum amyloid A (SAA) and C-reactive protein 
(CRP) (Figure 1D).

Clinically, I-HCA is frequently associated with obesity, metabolic syndrome and high alcohol 
consumption. Furthermore, the risk of developing HCA in patients with GSD is high. The HCAs in 
patients with GSD are mainly I-HCAs (52%), followed by b-HCAs (28%) and U-HCAs (20%), but never 
H-HCAs[5]. A few I-HCA cases had also been reported to induce systemic AA amyloidosis[24]. Typical 
I-HCA also has unique MRI features, with hyperintensity on T2-weighted images due to sinusoidal 
dilatation[15]. This subtype approximately composes of 35%-45% of overall HCAs, and about 10% also 
have β-catenin activation. While the mutation alone is not associated with malignant transformation, it 
is important to remember that I-HCA can co-exist with β-catenin mutation, the latter of which can 
transform into HCC[2].

b-HCA
Aberrant Wnt/β-catenin signaling has been identified underlying pathogenesis of many diseases 
including the well-known familial adenomatous polyposis[25]. In the liver, it also plays an essential role 
in regulating various cellular events including differentiation, proliferation, survival and others. Not 
surprisingly, β-catenin (cadherin-associated protein) beta 1 (CTNNB1) gene mutations have been 
reported in around 20%-40% of HCC cases. Chen et al[26] detected interstitial deletions in the CTNNB1 
gene in HCAs, indicating the dysregulation of Wnt/β-catenin as a possible preneoplastic pathway for 
hepatocellular proliferation. Exome sequencing study[27] further subclassified into two types: Exon 3 
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Figure 1 Histologic features of hepatocellular adenoma. A: Hepatocyte nuclear factor 1A (HNF-1A) inactivated hepatocellular adenoma showing marked 
steatosis (Hematoxylin-eosin stain, original magnification 200 ×); B: HNF-1A inactivated hepatocellular adenoma showing loss expression of liver fatty acid binding 
protein in tumor component (Immunohistochemical stain, original magnification 200 ×); C: Inflammatory hepatocellular adenoma showing marked sinusoidal dilatation 
and pseudoportal tract with inflammatory infiltrate and ductular reaction (Hematoxylin-eosin stain, original magnification 200 ×); D: Inflammatory hepatocellular 
adenoma showing strong and diffuse expression of C-reactive protein in tumor component (Immunohistochemical stain, original magnification 200 ×); E: β-catenin 
activated hepatocellular adenoma showing mild cytologic atypia and pseudoacini (Hematoxylin-eosin stain, original magnification 200 ×); F: β-catenin activated 
hepatocellular adenoma showing nuclear expression of β-catenin in tumor component (Immunohistochemical stain, original magnification 400 ×); G: β-catenin 
activated hepatocellular adenoma showing strong and diffuse expression of glutamine synthetase in tumor component (Immunohistochemical stain, original 
magnification 200 ×); H: Pigmented hepatocellular adenoma showing marked cytoplasmic lipofuscin (Hematoxylin-eosin stain, original magnification 400 ×).

and exon 7/8 with distinct canonical and non-canonical mutations respectively. In the canonical 
pathway, inactive β-catenin is attached with E-cadherin at cell membrane to maintain cell-cell adhesion. 
Cytoplasmic β-catenin is sequestered by a “destruction protein complex”, then phosphorylated, and 
further recognized by E3 ubiquitin, eventually degraded in the cytoplasm by proteasomes. The overall 
net effect is low β-catenin levels within the cells. In the activate states or upon WNT binding, the 
phosphorylation activity is inhibited and the disheveled protein complex becomes disintegrated. As a 
result, β-catenin accumulates in the cytoplasm and translocates into the nucleus to regulate downstream 
target gene expression, such as a glutamate-ammonia ligase, which codes for glutamine synthase (GS) 
and leucine-rich-repeat containing G protein-coupled receptor-5 (LGR5). Thus, the overall net effect is 
abnormally high expression level of β-catenin within the nucleus and cytoplasm[28]. HCAs with β-
catenin mutation are divided into two groups based on the mutation loci in the CTNNB1 coding for β-
catenin: β-catenin exon 3 mutated HCA and β-catenin exon 7/8 mutated HCA[29].
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b-HCA exon 3: Approximately 10%-15% of HCAs harbored canonical mutations in CTNNB1 gene exon 
3. The level of β-catenin pathway activation further depends on the specific mutations: Large in-frame 
deletions, D32-S37 deletions and T41 exon 3 mutations are associated with high level, whereas S45 exon 
3 mutations are associated with low level of activation[29]. Comparing with other HCA subtypes, this 
subtype HCA has more atypical features including mild cytologic atypia, cholestasis, and/or 
pseudoacinar formation (Figure 1E), which sometimes can be difficult to distinguish from well differen-
tiated HCC. Of note, no specific histologic features can be reliably used to predict a diagnosis of b-HCA. 
Immunohistochemical stains for β-catenin shows aberrant nuclear and cytoplasmic expression 
(Figure 1F). While the interpretation of β-catenin expression can be challenging, a better surrogate 
marker, GS, is also widely used. A recent study has revealed that diffuse homogenous GS staining 
pattern was strongly associated with exon 3 non-S45 mutation (Figure 1G). Whereas, a diffuse hetero-
genous GS staining pattern with strong positivity at the tumor periphery indicated exon 3 S45 mutation
[30].

Clinically, β-catenin exon 3 mutated HCA is more frequent in men than other subtypes and is more 
often associated with androgen exposure. In addition, this subtype especially with large in-frame 
deletions is associated with a high risk of malignant transformation. It is hypothesized that CTNNB1 
exon 3 mutation is the earliest genetic alteration, while additional mutations such as telomere reverse 
transcriptase (TERT) promoter mutation is involved in the final step of transition from HCA to HCC
[27].

b-HCA exon 7/8: A smaller subset of HCAs (5%-10%) harbor non-canonical mutations of CTNNB1 gene 
in exon 7 and 8, which is exclusive to mutations in exon 3. In comparison with exon 3 mutations, 
mutations in exon 7 and 8 result in a weak activation of β-catenin. A focal patchy GS staining pattern in 
the tumor with strong positivity at the tumor periphery by immunohistochemistry can indicate exon 
7/8 mutation[30]. This subtype is associated with a low risk of malignant transformation. A recent study 
demonstrated that b-HCA exon 7/8 is significantly associated with tumor hemorrhage[31].

β-catenin activated I-HCA
While β-catenin mutations are nearly exclusive to HNF-1A mutations, they can be associated with 
altered JAK/STAT pathway and demonstrate inflammatory features. If the I-HCA shows beta-catenin 
activation, then a diagnosis of I-HCA with beta-catenin activation can be rendered [β-catenin activated I-
HCA (b-IHCA)], which shares the histopathologic features of both b-HCA and I-HCA, and carries 
malignant transformation potential similarly. It is thus important to continue workup for β-catenin 
inactivation when a diagnosis of I-HCA is made.

shHCA
ShHCA is a recently recognized subtype of HCA with sonic hedgehog pathway activation[2]. This 
subtype represents approximately 4% of overall HCAs and was previously classified as unclassified 
HCA due to the lack of mutations in typical HCA genes. Genetic studies demonstrated that this type of 
HCA is caused by inhibin beta E subunit (INHBE) gene and GLI1 gene fusion (INHBE-GLI1). The 
Hedgehog pathway is a complex signal transduction pathway including 4 main components: The ligand 
Hedgehog, the receptor Patched, the signal transducer Smoothened and the effector transcription factor, 
Gli[32]. It is not only crucial for embryogenesis of liver, but also plays a role in liver regeneration. 
Evidence has shown that the Hedgehog pathway is dormant in healthy adult liver, while significantly 
activated after liver injury. INHBE is a growth factor belonging to the transforming growth factor-beta 
family. It is highly expressed in the liver and regulates hepatocellular growth and differentiation. As a 
result, the INHBE-GLI1 fusion leads to uncontrolled activation of sonic hedgehog pathway due to 
overexpression of transcription factor GLI1.

Clinically, shHCAs are more frequently seen in women and are associated with higher body mass 
index and/or OCP use. While there are no specific histopathologic features in this HCA subtype, it 
seems that prostaglandin D synthase and argininosuccinate synthase 1 (ASS1), particularly ASS1 
positivity by immunohistochemistry is a hallmark of shHCA[2,33]. Although ASS1 may be expressed in 
other HCA subtypes with hemorrhage and thought to be a marker of hemorrhage[34], a recent study 
showed ASS1 expression did not correlate with HCA hemorrhagic complications[35]. Interestingly, 
higher risk of hemorrhage has been consistently observed both histologically and clinically in shHCA[2,
31]. This serious complication warrants a thorough understanding of pathogenesis of shHCA for better 
diagnosis and clinical management.

Unclassified HCA
Even though extensive studies have been conducted to explore molecular features of HCAs, approx-
imately 5%-10% remain unclassified. These HCAs lack distinct histopathologic features and any specific 
molecular abnormality[2].
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UNUSUAL SUBTYPES AND CONTROVERSIES
In addition, uncommon HCA subtypes have been well documented, which do not fit well into the 
current classification.

Pigmented HCA
Pigmented HCAs are a heterogenous group of HCAs with different genetic mutations, which contain 
pigment deposition of lipofuscin (Figure 1H) as confirmed by electron microscopy[36]. Although H-
HCA is the commonest subtype, other subtypes such as b-HCA, I-HCA, b-IHCA, and unclassified HCA 
also can be seen in pigmented HCAs[36-38]. Pigmented HCAs often show histologic atypia with higher 
risk malignant transformation. Besides the heavy deposition of lipofuscin in tumor cells, lipofuscin 
pigment deposition is commonly seen in hepatocytes of the background livers[36]. Although unclear, 
the underlying biology may be related to dysregulation of autophagy resulting in lipofuscin accumu-
lation, which could contribute to carcinogenesis including the liver[39,40].

Myxoid HCA
Myxoid HCAs are characterized by the deposition of myxoid materials between the hepatic cords 
within the tumor[41-44]. In addition to loss of L-FABP expression and/or HNF-1A mutation as 
documented in all myxoid HCAs, a recent study identified recurrent mutations in genes within the 
protein kinase A (PKA) pathway or in genes that regulate the PKA pathway, such as GNAS, CDKN1B 
(p27) and RNF123, in myxoid HCAs[44]. Myxoid HCAs are often seen in individuals with older age and 
carry a high risk of malignant transformation[3,44]. It is still controversial whether this is a rare variant 
of H-HCA with additional mutations or a distinct subtype of HCAs.

Atypical/borderline HCA/hepatocellular neoplasm of uncertain malignant potential
HCA, as described above, has potential of malignant transformation that sometimes can be challenging 
to distinguish from well-differentiated HCC, especially in biopsy specimens. Various terms, such as 
atypical HCA, borderline HCA, atypical hepatocellular neoplasm, well-differentiated hepatocellular 
neoplasm with atypical or borderline features, and hepatocellular neoplasm of uncertain malignant 
potential (HUMP) have been used for hepatocellular neoplasms that demonstrate features atypical for 
HCA but insufficient for an unequivocal diagnosis of HCC. So far there are no widely accepted criteria 
in diagnosing this entity, however, these clinical (male, females > 50 years or < 15 years) and pathologic 
(focal cytological atypia, small cell change, pseudoacini, focal reticulin network loss, presence of β-
catenin activation or CTNNB1 mutations) features have been consistently used when an atypical/ 
borderline HCA (A-HCA)/HUMP is diagnosed[45-47]. A recent study showed that greater than 60% 
HCAs would be re-classified as A-HCAs/HUMPs using the above suggested criteria. Furthermore, in 
this study A-HCA/HUMP does not seem to correlate in patients with or without synchronous or 
metachronous HCC[45]. The high rate of HCAs placed in the category of A-HCA/HUMP, particularly 
in resected tumors may cause confusion to clinicians in managing those tumors. Molecular study of 
TERT promoter mutations, a marker of HCC, may be useful to distinguish A-HCA/HUMP from well-
differentiated HCC and predict the risk of malignant transformation. Studies have demonstrated that 
TERT promoter mutations have been identified in 17% of A-HCAs/HUMPs compared with 50%–60% of 
HCC[48]. Further study to refine the widely accepted criteria of diagnosing A-HCA/HUMP and to 
predict its malignant behavior by combining the clinical, pathological and molecular features is 
warranted.

I-HCA in cirrhotic livers 
HCAs typically arise in the livers without significant fibrosis. The background liver can be histologically 
normal or have steatosis or steatohepatitis or other genetic and vascular disorders that have been 
recognized as risk factors for developing HCAs. Thus, a solid mass arising in a cirrhotic liver is 
generally not considered as HCA. However, rare HCAs with SAA positivity or harboring activating 
mutations in IL6ST or STAT3 same as I-HCAs have been described in metabolic syndrome and/or 
alcoholic cirrhosis[49,50]. Of note, some cirrhotic nodules and HCCs can be positive for CRP and SAA, 
the two important I-HCA markers. Furthermore, activation of IL-6/gp130/STAT3-dependent pathway 
is involved in the development of liver fibrosis[51]. Therefore, classifying those SAA-positive cirrhotic 
nodules with IL6ST or STAT3 mutations as I-HCAs is thought to be premature[52]. Additional data are 
warranted to confirm whether HCA can arise in a background liver with cirrhosis.

MANAGEMENT
Guidelines from both the American College of Gastroenterology[53] and the European Association for 
Study of the Liver[54] recommend a surgical resection when HCAs are > 5 cm, since they have a higher 
potential for hemorrhage and malignant transformation. The adoption of a genotype-phenotype classi-
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fication is increasingly relevant to clinical decision-making given growing evidence that the risk of 
complications is likely dependent on HCA subtype and gender. Currently, the treatment of HCA is 
based on HCA subtype and gender[17,54,55]. Briefly, surgery is recommended for all men with HCAs 
since they carry a high risk of malignant transformation. For women, after the initial 6 mo lifestyle 
management including the discontinuation of OCPs and control of body weight, the management of 
HCAs is based on the size and HCA subtypes. For tumors persistently > 5 cm, or increasing in size after 
lifestyle change, irrespective of their subtypes, resection or curative treatment is indicated. For tumors < 
5 cm of the H-HCA subtype, or those that are either inflammatory or β-catenin negative on biopsy, 
conservative management is recommended. Of note, surgical resection is recommended for b-HCAs, b-
IHCAs and A-HCAs/HUMPs, irrespective of size. Of note, HCAs arising in patients with underlying 
liver diseases, such as GSD and hepatic vascular disorders seem to have a higher risk of malignant 
transformation, that should also be considered when manage these HCAs.

CONCLUSION
Recent molecular studies have significantly expanded our knowledge of HCAs. The newly developed 
phenotype-genotype classification system not only fulfils our curiosity academically, but more 
importantly, helps improving clinical management through identifying the “high risk” subtype of 
HCAs. However, further studies are needed, including how to incorporate the uncommon HCA 
subtypes into the classification system, how to effectively guide the HCA management by using the 
classification system and identifying the underlying molecular changes of the unclassified HCAs.
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Abstract
Endoluminal vacuum-assisted therapy (EVT) has been introduced recently to treat 
colorectal anastomotic leaks in clinically stable non-peritonitic patients. Its 
application has been mainly reserved to low colorectal and colo-anal anastomoses. 
The main advantage of this new procedure is to ensure continuous drainage of the 
abscess cavity, to promote and to accelerate the formation of granulation tissue 
resulting in a reduction of the abscess cavity. The reported results are promising 
allowing a higher preservation of the anastomosis when compared to conven-
tional treatments that include trans-anastomotic tube placement, percutaneous 
drainage, endoscopic clipping of the anastomotic defect or stent placement. 
Nevertheless, despite this procedure is gaining acceptance among the surgical 
community, indications, inclusion criteria and definitions of success are not yet 
standardized and extremely heterogeneous, making it difficult to reach definitive 
conclusions and to ascertain which are the real benefits of this new procedure. 
Moreover, long-term and functional results are poorly reported. The present 
review is focused on critically analyzing the theoretical benefits and risks of the 
procedure, short- and long-term functional results and future direction in the 
application of EVT.

Key Words: Anastomotic leakage; Rectal surgery; Endoluminal vacuum therapy; Endo-
sponge; Complications
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Core Tip: Endoluminal vacuum therapy for the treatment of rectal anastomotic leakage, in clinically stable 
patients, has been reported to be promising, in term of high rate of anastomotic salvage and length of 
hospital stay. Nevertheless, inclusion criteria, definition of success and complications, are heterogeneous. 
Moreover, long-term anorectal function is poorly reported. This opinion review aims at clarify, through a 
critical analysis, all the raised points to stimulate the surgical community to a more standardized approach 
and algorithm of treatment, and to further study the long-term consequences of this technique.

Citation: Vignali A, De Nardi P. Endoluminal vacuum-assisted therapy to treat rectal anastomotic leakage: A 
critical analysis. World J Gastroenterol 2022; 28(14): 1394-1404
URL: https://www.wjgnet.com/1007-9327/full/v28/i14/1394.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i14.1394

INTRODUCTION
Anastomotic leak (AL) still represents the most dreaded complication following colorectal resection due 
to its consequences that could severely affect functional and oncological outcome[1,2]. The gravity of the 
phenomenon is amplified when rectal cancer only is considered, with reported leakage rate ranging 
from 3% to 19%[3] and a mortality rate varying from to 1.7% to 16.4%[4]. The choice of the treatment is 
strictly influenced by the patient general condition and by the dimension of the anastomotic defect[5]. In 
2007, the international rectal cancer study group, which includes expert colorectal surgeons and 
interventional radiologists from several regions in the world, proposed a standardized algorithm for 
treating ALs. Treatment options varies according to the location of the anastomosis, dimension of the 
abscess, and patient’s clinical conditions[6]. In patients in whom a diffuse peritonitis has occurred, a 
laparotomy and takedown of the anastomosis is the suggested surgical treatment. More conservative 
treatments including the salvage of the anastomosis could be an option in patients who remain clinically 
stable or in presence of a small defect. Different options have been reported including trans-anastomotic 
tube drainage, percutaneous drainage of the peri-anastomotic abscess in association with fecal 
diversion, if not fashioned at primary operation, placement of stent or endoscopic clipping of the defect
[4,6]. Nevertheless, in presence of a large defect, even in a clinically stable patient, the healing process is 
extremely long, resulting in a delay of diverting stoma and devastating future function of the 
neorectum, in particular when an extra-peritoneal anastomosis is taken into consideration. In the early 
2000s, an endoluminal vacuum-assisted therapy (EVT) was introduced to treat presacral anastomotic 
abscesses in stable, non-peritonitic patients[7]. The principle is based on the application of topic negative 
pressure in order to drain, to clean, to induce the collapse of the cavity, and to prevent the development 
of chronic sinus. Several case reports papers, reviews, and meta-analyses[7-20] have been published so 
far with promising results. Nevertheless, the majority of papers are heterogeneous both in term of 
success rate definition, salvage and long-term results, paucity of comparative studies and thus definitive 
conclusions are not warranted at present time. In particular, the majority of the studies were focused on 
success rate, healing time and stoma closure rates, while only few papers dealt with long-term 
anastomotic function and complications that play a pivotal role when the issue of the efficacy of a novel 
treatment is taken into consideration. In this narrative review, we aim to critically appraise the literature 
with regard to the results of the EVT in term of success rate and complications and to evaluate the long-
term functional results of this novel treatment.

EVT DEVICE DESCRIPTION
The endoscopic vacuum device consists of an open-cell polyurethane sponge measuring 7 cm × 3 cm, 
which can be cut down until minimum size, depending on the size of the cavity. The sponge dressing is 
placed into the abscess cavity using a specially developed introducer system. The end of the evacuation 
probe is connected to a vacuum wound drainage system via a variable drain connector (Figure 1).

In the majority of available studies the evacuation probe was connected to a low vacuum suction 
bottle (Redyrob® Trans Plus bottle with variable vacuum) (Figure 2), creating a constant negative 
vacuum pressure of 125-150 mmHg[20]. Higher values were reported by Arezzo et al[15] who connected 
the tube to a vacuum system producing continuum negative pressure up to 700 mmHg when in 
hospital, and a portable system producing continuum negative pressure up to 200 mmHg when 
discharged.

https://www.wjgnet.com/1007-9327/full/v28/i14/1394.htm
https://dx.doi.org/10.3748/wjg.v28.i14.1394
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Figure 1 Endo-SPONGE® kit including open-pore sponge drain (a), two silicon overtubes (b), the sponge pusher (c), and the irrigation set 
(d).

Figure 2 Redyrob® Trans Plus vacuum bottle: this device is meant to be used connected to the Endo-SPONGE drain.

INCLUSION CRITERIA
The main indication to the use of EVT was represented by the presence of an extraperitoneal leak 
confirmed by flexible endoscopy ± computed tomography scan (CT) and on clinical and/or laboratory 
deterioration and drain secretion. Only patients in stable condition with no sign or only localized 
peritonitis were included. In the majority of patients, a leak following colorectal resection for cancer was 
considered. Table 1 reports the inclusion criteria of the available studies. The table shows up the lack of 
standardization in the inclusion criteria, some including both benign and malignant, some purely 
malignant or pure benign disease, to the different anastomotic heights, surgical approach, including 
both PME and TME, or in the different indications to EVT therapy, including Hartmann "stump insuffi-
ciency" or rectal perforation, as well as leaks following a proctectomy with a J-pouch ileoanal 
anastomosis. These data lead us to extreme caution in their interpretation, in the effort to make a critical 
analysis of the reported results. Moreover, a strong clinical heterogeneity has been reported with respect 
to initial cavity size ranging from 4.9 cm to 10 cm among the reported series[8-22]. Limitations to 
inclusion with respect to the initial cavity dimension have been reported only in one study[23].

Recently, it has been reported on the intraoperative use of indocyanine green (ICG) fluorescence from 
the luminal side via a trans-anal approach which enables to evaluate the whole circumference of 
anastomosis in the proximal and distal intestines[24]. Results showed that in patients in whom the 
vessels were not depicted by the ICG, a higher incidence of AL was observed. This finding is of 
relevance and it will be probably useful in selecting patients who will beneficiate of EVT vs patients in 
whom a more aggressive operative strategy is recommended. Possible future applications of this 
technique combined with endoscopy, will be the evaluation in patients with suspected leak, in order to 
confirm the presence of a leak and to evaluate local perfusion over the entire circumference of 
anastomosis in real time.
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Table 1 Inclusion criteria among different studies

Ref. # 
Patients

Anastomosis 
location Inclusion criteria Type of disease (n) Neoadjuvant 

therapy (%)

Weidenhagen et al
[7], 2008

29 Lower rectum; 
Middle rectum

Local peritonitis  (20); 
General peritonitis (9)

Cancer of the rectum (22); Rectosigmoid cancer (3); 
Benign disease (4)

9 (40.9)

von Bernstorff et al
[27], 2009

26 Lower rectum; 
Ileorectal

Local peritonitis Cancer of the rectum + rectosigmoid 14 (54)

Riss et al[30], 2010 20 Lower rectum; 
Middle rectum

Not reported Cancer of the rectum 6 (30)

van Koperen et al
[8], 2009

16 Lower rectum; Ileo-
anal

Not reported Cancer (13); Ulcerative colitis (3) 9 (56)

Nerup et al[25], 
2013

13 Lower rectum Local peritonitis Cancer 6 (46.1)

Mees et al[23], 2008 5 Lower rectum Local peritonitis Abscess 
(> 3 cm × 3 cm, or < 10 
cm × 10 cm)

Cancer of the rectum No

Arezzo et al[15], 
2015

14 Lower rectum Local peritonitis Cancer of the rectum (7); Other (1) 7 (50)

Strangio et al[11], 
2015

25 Lower rectum (19); 
Middle rectum (5); 
Ileoanal (1)

Local peritonitis 
Anastomotic leak less 
than 270

Rectal cancer (18); Endometriosis (1); Left sided 
colon cancer (4); Diverticulitis (1); Ulcerative colitis 
(1)

18 (84)

Mussetto et al[31], 
2017

11 Lower rectum(8); 
Middle (3)

Local peritonitis Rectal cancer 5 (45)

Keskin et al[13], 
2015

15 3 (20) Local peritonitis Rectal cancer (12); Other (3) NR

Milito et al[16], 
2017

14 Lower rectum Local peritonitis Cancer of the rectum 14 (100)

Srinivasamurthy et 
al[14], 2013

8 Lower rectum; 
Ileoanal

Not reported Ulcerative colitis (1); Cancer of the rectum (8) 8 (100)

Abdalla et al[24], 
2020

47 Middle (5); Lower 
(42)

Local peritonitis + 
asymptomatic leak

Cancer of the rectum (44); Other (3) 27 (57.4)

Kühn et al[28], 2021 281 Lower rectum; 
Ileoanal; Middle 
rectum

Local peritonitis 
extraperitoneal 
anastomotic leak; Rectal 
defect

Sigmoid or rectal cancer 183 (65); Other 
malignancies 50 (18); Diverticular disease 17 (6); 
Inflammatory bowel disease 12 (4); Perforation 8 
(3); Benign/malignant diseases 11 (4)

84 (30)

EVT THERAPY RESULTS
EVT has been identified as a successful method in order to treat AL in clinically stable and non-
peritonitic patients with reported figures ranging from 60% to 100% and a rate of diverting stoma 
closure ranging between 31% to 100%, as emerged by recently published systematic reviews on this 
issue[20,21]. The rate of success was significantly influenced by early therapy start (within 6 wk from 
onset) with summarized odds ratio of 3.48 as reported by Mahendran et al[18] in their review paper 
including 266 patients from 16 studies. Nevertheless, data extracted from the same paper underlined 
that an additional treatment was needed in 12.8% of patients, due to the persistence of the abscess 
cavity, including fibrin glue application, sutures under general anesthesia, clips placing over the scope 
or a combination of different techniques. Treatment duration, in current literature, varies between 11 
and 244 d. Data are encouraging and promising showing that approximatively 67% of the patients had 
their anastomosis saved with no need of abdominal surgery[9]. Moreover, in selected cases, the EVT 
treatment could be performed without the need of a diverting stoma[7]. These percentages favorably 
compares with results reported by Kühn et al[21] in the largest comparative study recently published 
including 21 patients treated with EVT vs 41 historical controls treated with conventional management. 
The authors reported a significant higher preservation of the intestinal continuity in the EVT vs conven-
tional group (86.7% vs 37.5%; P = 0.001) and shorter duration of hospital stay. Similarly, Nagell and 
Holte[22], who compared 4 patients treated with EVT with 10 historical controls, reported favorable 
results in healing time and length of stay in the EVT group when compared to conventional treatment. 
Mees et al[23] also reported a significantly shorter time for closure and reduced length of stay in the EVT 
group.
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DEFINTION OF SUCCESS
Another point of discussion is represented by a lack of a standardization in the definition of success of 
the EVT treatment. In particular, data from the two large series (CLEAN study and GRECCAR study) 
including 39 and 47 patients respectively, defined the success rate as the absence of extravasation of 
contrast during abdominal CT or the presence of an intact anastomosis on endoscopy[17,25]. Other 
authors identified the cavity size, associated or not with the presence of granulating healthy tissue, to 
define the success rate, with figures ranging from 0.5 cm to 3 cm with no consensus among authors[7,9,
26-28]. Kühn et al[28], in the largest monocentric series recently published, including both AL and rectal 
stump leak, defined success as granulating closure of the cavity, more than 90% clean and granulating 
tissue, decreasing wound secretion, reduction of fibrinous tissue, and no interventional or surgical 
procedure required in the further course.

FACTORS INFLUENCING SUCCESS
Different variables could potentially influence the success rate such as neoadjuvant therapy, presence of 
diverting stoma during the treatment, and length of follow-up[7-24]. von Bernstorff et al[27] first 
evaluated the effect of radiotherapy on the healing process following EVT therapy. The aforementioned 
author, and others later, reported a longer duration of therapy, more endoscopies, more sponge 
exchanges, and longer time to close the abscess cavity in patients who underwent neo-adjuvant 
treatment[7,15,27,29]. In contrast, others did not find any correlation of neo-adjuvant treatment on 
healing time and success rate[26,30]. A definitive answer to this topic has come from a subgroup 
analysis on the radiotherapy subject including eight studies, extrapolated from a meta-analysis, which 
reported a negative effect of radiotherapy on healing and success rate with a odds ratio of 0.56[20]. 
Similarly, Shalaby et al[9] in a cumulative analysis, encompassing more than 300 patients, identified 
preoperative radiotherapy (P = 0.018), development of complications (P = 0.002), male sex (P = 0.014) 
and absence of diverting stoma before treatment, as predictive factors for failure. This latter point 
deserves some consideration since, intuitively, the presence of a stoma plays a main role in the healing 
process, nevertheless, to the best of our knowledge, there is no paper or meta-analysis specifically 
addressing its role and future subgroup analyses will be advisable. In particular, to further clarify this 
issue, a detailed report of the stoma formation differentiating patients receiving a stoma at primary 
operation or after the leak was diagnosed will be mandatory, which actually is not fully available from 
the reported studies as recently stressed by Sharp et al[19] in their meta-analysis. Despite stoma reversal 
was considered by the majority of authors as a marker of success, concern has been expressed by some 
authors due to the complexity of this variable and to the fact that its closure could be influenced by 
different factors such as severe co-morbidity, insufficiency of the anal sphincter, chronic pre-sacral 
sinus, or local recurrence and malignancy[18,20].

Finally, with respect to the duration of follow-up, the latter is of pivotal importance since, as emerged 
by the multicenter study of Riss et al[30], more than 25% of the patients developed a recurrent abscess 
after a median follow-up of 17 mo. However, data extrapolated from the three recent meta-analyses 
published in the international literature, show that some of the included studies do not comprise follow-
up data, or reported figures ranging within 1 and 4 mo, while less than 50% of the studies report a 
follow-up time longer than 12 mo, ranging between 14 and 41[18-20].

COMPLICATIONS
The overall EVT-related complication rate among the published series ranges from to 0% to 34.5%, with 
a mean of 11.1% (96 per cent confidence interval 6.0 to 16.2) as recently reported by Shalaby et al[9]. 
However not all the available studies report on this variable. The complication issue has been recently 
analyzed and discussed in two systematic reviews on EVT for rectal anastomotic leakage, including 295 
and 335 patients respectively[20,21]. According to the review of Nagell and Holte[22], the most common 
complication is represented by pelvic abscess accounting for 11.5% of cases. Shalaby et al[9] reached 
similar conclusions in another review paper. The majority of abscesses were managed with a conser-
vative treatment or via repeated EVT with success rate of 71%-75%, while in case of failure Hartmann’s 
or Miles operation were performed (Table 2). From a more accurate analysis it emerged that in 1% of 
cases, the abscess occurred early and it should be considered as a treatment failures, while in 10% they 
were recurrent and thus they should be considered as a relapse after a primary healing has occurred
[20]. According to these findings, could we still consider them as a complication or it would be more 
appropriate to classify them as a treatment failure? The same question spontaneously arises for the 
fistula issue. According to data extracted from studies reporting complications, overall 13 cases of 
fistulas were reported, of which 7 in a single series (Table 3). The majority of them were managed with 
Hartmann’s procedure. Of note, the high incidence of fistulas recently reported by Kühn et al[28] in their 
series including 281 patients. In the aforementioned paper, all the fistulas were recto-vaginal in their 
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Table 2 Reported complications and treatment among studies reporting complications

Ref. # 
Patients

Overall 
complications n 
(%)

Type of complication Treatment Ileostomy 
closure %

Weidenhagen et al
[7], 2008

29 10 (34.5) 10 anastomotic stenosis; 2 
fistulas

Bougienage/balloon dilatation (n = 10); 
Hartmann procedure for persistent fistula (n = 1)

88

von Bernstorff et al
[27], 2009

26 2 (7.7) 2 intra-abdominal fistulas Hartmann procedures (n = 2) NR

Riss et al[30], 2010 23 6 (23) 1 stenosis; 5 recurrent 
abscess

Dilatation for stenosis (n = 1); Hartmann’s 
procedure (n = 3); CT-guided drainage  (n = 1); 
No further action (n = 1)

76.5

van Koperen et al
[8], 2009

16 4 (25) 2 abscesses; 1 bleeding; 1 
severe pain; 1 anastomotic 
stenosis

Hartmann procedure for recurrent abscess (n = 2); 
1 stopped treatment for pain; 1 dilatation for 
stenosis

55.6

Nerup et al[25], 2013 13 1 (7.7) 1 anastomotic stenosis Permanent colostomy (n = 1) 91

Mees et al[23], 2008 5 1 (20) 1 anastomotic stenosis Dilatation (n = 1) 20

Arezzo et al[15], 
2015

14 1 (14) 1 peritonitis; 2 poor 
compliance

Fibrin glue injection NR

Strangio et al[11], 
2015

25 3 (12) 2 fistulas (1 ureteric, 1 ileal); 
1 recurrent abscess

Surgery (n = 3) 84.6

Mussetto et al[31], 
2017

11 2 (18) 2 anastomotic stricture 1 endoscopic dilatation; 1 stent placement 91

Keskin et al[13], 2015 15 3 (20) 2 pelvic sepsis; 1 bleeding Treatment discontinued 71

Milito et al[16], 2017 14 5 (36) Moderate pain None NR

Srinivasamurthy et 
al[14], 2013

8 1 (12) Iatrogenic injury during 
sponge placement

End stoma 64

Abdalla et al[24], 
2020

47 4 (8.5) 1 intractable pelvic pain; 3 
anastomotic stenosis

Treatment discontinued (pain); Endoscopic 
dilatation

NR

Kühn et al[28], 2021 281 27 (10) 10 anastomotic stenosis; 7 
rectovaginal fistulas; 4 
bleeding

Endoscopic dilatation (n = 10); Surgery (n = 7); 
Endoscopic haemostasis (n = 3); Surgery for 
intractable beelding (n = 1)

62

NR: Not reported.

nature, occurred in the early phase of EVT treatment, and the majority of the patients had initial surgery 
involving partial resection of the vagina or the uterus, suggesting that EVT might have either prompted 
or revealed a vaginal leak. In other series, fistulas were classified as abdominal, colovescical, ileal or 
ureteric, thus suggesting a progression of the leakage process and thus a failure of the treatment more 
than a complication[7,11,28].

Other complications of endoscopic vacuum treatment include anastomotic stenosis, with an estimated 
incidence of 4.4% in the cumulative analysis by Popivanov et al[20]. Widenhagen reported the 
occurrence of anastomotic stenosis in 33% of patients in a retrospective analysis of 29 cases. Stenoses 
were managed with bougienage or balloon dilatation[7]. In the series of Mussetto et al[31], including 11 
patients, anastomotic stenosis accounted for 16%, while figures ranging from 6% to 11% were reported 
by others[26,32,33]. Nevertheless, the real incidence of the phenomenon is difficult to establish due to 
the limited follow-up period in a large percentage of the published studies. Moreover, anastomotic 
stenosis can also normally occur because of chronic inflammation related to the anastomotic leakage 
itself not as a direct consequence of EVT treatment, and thus considering purely as an EVT complication 
is questionable. Under this view, a comparative study with adequate follow-up period with patients 
who had received conventional treatment should be advisable to reach definitive conclusions.

The occurrence of moderate pain was a common complication in the series by Milito et al[16], 
accounting for 36% (5/14 patients), while intractable pain leading to a discontinuation of the EVT 
treatment been reported in two cases only[8,16,25]. The phenomenon is rare, 2%, for moderate pain and 
0.4% for severe pain as emerged by data derived from the systematic review of Popivanov et al[20]. 
Other reported complications were bleeding from the cavity, which generally occurs in the act of 
changing the sponge. In the majority of cases, an endoscopic management has been successful, with 
only one case requiring conventional surgery. Migration of the sponge into the abdominal cavity has 
been also reported with an estimated overall incidence of 1%[20].
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Table 3 Assessment of ano-rectal function after treatment of anastomotic leak with endoluminal vacuum-assisted therapy

Ref. # 
Patients

# Patients with 
functional assessment

Follow-up 
time

Instrument to evaluate 
ano-rectal function Results

Borstlap et al[17], 2018 30 15 6, 9, 12 mo LARS score; COREFO 81% major LARS; 13% minor LARS

Huisman et al[36], 2019 20 13 2.6 (0.8-3.5) 
yr

LARS score 77% major LARS; 23% minor LARS

Katz et al[42], 2018 6 4 Not 
reported

None Reasonable function

Srinivasamurthy et al
[14], 2013

8 6 41 (10-45) 
mo

None Good or reasonable function

Abdalla et al[24], 2020 47 17 14.8 ± 8.9 
mo

LARS score 47.1% major LARS; 52.9% no or minor 
LARS

Rottoli et al[12], 2018 8 (pouch) 7 11.6 (6-18) 
mo

None No feces or gas incontinence; BM: 
Daytime: 5 (3-8); Nighttime: 1.7 (1-4)

Weréen et al[43], 2020 14 6 5.9 (0.53-13) 
yr

LARS score 67% major LARS

LARS: Low anterior resection syndrome score; COREFO: Colorectal functional outcome; BM: Bowel movements.

CHRONIC SINUS AND ABSCESS RECURRENCE
One of the long-term sequelae of anastomotic failure is the development of chronic sinus. The true 
incidence is unknown, however, a large multicenter retrospective study on 1063 patients, reporting an 
incidence of 6.4% of anastomotic leakage after colorectal anastomosis or restorative proctocolectomy, 
36% of whom developed a chronic sinus[34]. The occurrence of chronic sinus involves multiple 
interventions and a high risk of permanent stoma[35]. A proportion of chronic sinuses may heal 
spontaneously over time, nevertheless when sinus eventually resolves, it is associated with poor 
functional outcome[36]. The occurrence of chronic sinuses after AL treatment with EVT is poorly 
studied. Borstlap et al[17] reported a 34% rate after a 6 mo follow-up. Comparing patients who 
underwent early treatment (before 3 wk) vs late treatment (after 3 wk), they observed a higher rate 
(47%) in the latter group vs 21% in the former. Accordingly, the diverting ileostomy could be reversed in 
60% of the patients in the late group as compared to 73% in the early group[37]. The authors argued that 
a late starting could lead to excessive fibrosis of the bowel thus hampering fistula closure.

Time for beginning EVT treatment was evaluated as prognostic factors by other authors with 
conflicting results. Huisman et al[36] reported that 3/20 patients (15%) experienced a chronic sinus, after 
a median follow-up of 10 mo, and all three received a permanent stoma because of the sinus. They 
grouped the patients according to start of EVT, before or after 20 d from surgery, but no significant 
difference between the early and late treatment groups were found.

Another important issue is recurrent leak after the anastomosis is healed. Riss et al[30] studied 20 
patients treated by rectal resection for rectal cancer and by successful endoscopic EVT of AL (17 
patients) or insufficiency of the rectal stump after Hartmann's procedure (3 patients). The patients 
received annual routine visits and colonoscopy. Five patients (25%) developed a recurrent pelvic 
abscess, three of them underwent surgery (Hartmann's procedure) and one to CT guided drainage; the 
treatment for the last patient was still under discussion at the time of publication. Interestingly, the 
authors did not identify any demographic, therapeutic, or temporal related significant factors that could 
predict the occurrence of late leak recurrence. The authors concluded that a surveillance of at least 2 
years would be recommended for early identification and treatment of this problem. Actually, treatment 
of chronic sinus is challenging, since its presence precludes the closure of the ileostomy or dictates other 
surgical treatments such as Hartmann’s procedure with closure of the ileostomy, and creation of a 
permanent colostomy, in the majority of the patients[7,28]. Jagielski et al[37] reported a different 
experience. They treated two patients, with recurrent abscess and anastomotic fistula, once more with 
EVT. The treatment duration was 15 d with four endosponge changes; they obtained fistula healing 
without need of major surgery. The authors also underlined that the endoscopic treatment could be 
interrupted as far as the cavity reached 30 mm with granulation tissue on the wall, without waiting for 
complete healing; this approach allowed faster endoluminal treatment with no impact on recovery.

In conclusion, despite endoscopic vacuum-assisted treatment allows successful treatment of AL, 
persistent sinus or recurrent fistula and abscess may occur. A constant follow-up is advisable for early 
diagnosis and care. Therapy often entails surgical treatment; however, a conservative treatment might 
also be attempted in selected cases.
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FUNCTIONAL RESULTS
After restorative anterior rectal resection, bowel function could be impaired, which adversely affects 
quality of life. Low anterior resection syndrome (LARS), including incontinence, urgency, diarrhea, 
frequency and clustering of bowel motions, is being increasingly recognized[38]. The scores are 
categorized into three groups: 1- no LARS (0-20 points), 2- minor LARS (21-30 points) or 3- major LARS 
(31-42 points). Although an altered function could be present, in patients with rectal cancer, before any 
treatment, radiotherapy and surgery represent detrimental factors since they can affect both internal 
and external anal sphincter function as well as rectal compliance and sensory thresholds[39]. Recently a 
patient-reported outcome measure on bowel related quality of life showed that 85% of patients had 
some degree of impairment up to 5 years after surgery. Moreover the degree of quality of life 
impairment increased as the LARS and Wexner fecal incontinence scores increased, indicating that 
severity of quality of life impairment reflects severity of bowel dysfunction[40]. Bowel function can 
improve up to 18 mo after surgery or stoma reversal, however, after that time, further recovery is 
unlikely. A recent systematic review on 11 studies on rectal cancer patients who underwent low anterior 
rectal resection and completed a LARS score, with a mean or median follow-up of at least 18 mo, found 
a prevalence of major LARS of 41%, ranging between 18% to 56%. Radiotherapy and tumor height were 
the most significant factors for LARS development; AL, diverting ileostomy, and having a stoma for 
prolonged period, were also associated with increased risk of developing major LARS[41].

Articles on the EVT treatment of rectal AL mainly focus on leak resolution and preservation/ 
restoration of the intestinal continuity. Very few assess long-term functional results, and the majority of 
them did not employ validated score systems or systematic search of the functional outcomes. Two 
small series observed "reasonable function", both in 5 patients who underwent stoma closure, after a 
mean follow-up of 28 and 41 mo respectively[14,42]. However, no score was used to grade bowel 
function. In another study, of the seven patients who had the ileostomy reversed, none reported 
incontinence to feces or gas after 11.6 mean follow-up, though it is not described if these symptoms 
were systematically explored[12].

Intestinal function was evaluated with the LARS questionnaires by few authors. Abdalla et al[24] 
studied 17 patients (out of 26 who had successful EVT treatment) after 14 mo on average following 
stoma reversal or AL healing, and reported 47.1% with major LARS.

The more complete assessment of postoperative function and related quality of life was performed by 
Borstlap et al[17]. The authors evaluated the LARS score, the colorectal functional outcome (COREFO) 
scale, the short form 36 (SF-36), the gastrointestinal quality of life index (GIQLI) questionnaire and the 
EQ-5D-5L at fixed time points. Eighty-one per cent of the patients experienced major LARS, 13% minor-
LARS and only 6% did not report any functional problem. Analysis of the COREFO showed that 
function did not improve from 6 mo to 12 mo postoperatively. On the other hand improvement of the 
EQ-5D-5 L, GIQLI and SF-36 scores was noted during follow-up.

Only one study compared functional outcome in patients with AL treated with EVT with a group of 
patients without AL, after rectal resection[37]. A worse LARS score was found in the EVT group (37, 
range 23-42 points) with respect to the control group (30, range 4-41) points (P = 0.009), with 77% of 
patients reporting major LARS in the EVT group as compared with 48% in the control group. This study 
supports the impairment of long-term anorectal function caused by anastomotic dehiscence, possibly 
due to fibrosis and reduced rectal compliance. However, the question whether EVT treatment could 
improve functional results in patients with AL remain unanswered.

CONCLUSION
Our narrative review shows, with all the limitations related to the nature of the available studies from 
international literature, that EVT represents, in clinically stable non-peritonitic patients, a valid 
alternative to conservative approach (diverting stoma, drain) with relatively low percentage of complic-
ations, higher rate of stoma closure, and shorter length of hospital stay. Some questions currently 
remain unanswered, in particular with respect to quality of life and functional results following EVT 
treatment. Moreover, it seems to us extremely difficult to identify patients who will beneficiate most of 
these new treatment, due to strong heterogeneous inclusion criteria, different materials and treatment 
algorithms.

Objectively a randomized trial would be advisable to assess the real efficacy of a new therapy, 
nevertheless due to ethical considerations and to the “fragile” status of these patients, may prove 
difficult to perform. A possible alternative could be represented by a well-designed multicenter control 
study with standardized inclusion criteria, standardized definition of success, and adequate follow-up 
period and control group. These latter two points, in our opinion, are of pivotal importance in order to 
give a definitive answer on the diverting stoma closure issue, which identification as a marker of 
success, due to its complexity, should be re-considered.
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Abstract
Each hepatitis virus—Hepatitis A, B, C, D, E, and G—poses a distinct scenario to 
the patient and clinician alike. Since the discovery of each virus, extensive 
knowledge regarding epidemiology, virologic properties, and the natural clinical 
and immunologic history of acute and chronic infections has been generated. 
Basic discoveries about host immunologic responses to acute and chronic viral 
infections, combined with virologic data, has led to vaccines to prevent Hepatitis 
A, B, and E and highly efficacious antivirals for Hepatitis B and C. These 
therapeutic breakthroughs are transforming the fields of hepatology, transplant 
medicine in general, and public and global health. Most notably, there is even an 
ambitious global effort to eliminate chronic viral hepatitis within the next decade. 
While attainable, there are many barriers to this goal that are being actively 
investigated in basic and clinical labs on the local, national, and international 
scales. Herein, we discuss pertinent clinical information and recent organizational 
guidelines for each of the individual hepatitis viruses while also synthesizing this 
information with the latest research to focus on exciting future directions for each 
virus.
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Core Tip: Viral hepatitis encompasses a wide array of clinical diseases—from asymptomatic and self-
limited to chronic liver disease to acute liver failure. Extensive historical research has resulted in vaccines 
to prevent Hepatitis A, B, and E and highly efficacious antivirals for Hepatitis B and C, and these 
therapeutic breakthroughs are transforming the fields of hepatology, transplant medicine in general, and 
public and global health. While these breakthroughs are highly promising, there are many barriers to 
eventually elimination of chronic viral hepatitis. These barriers are being actively investigated, and we 
discuss ongoing research in the historical context of viral hepatitis research.

Citation: Odenwald MA, Paul S. Viral hepatitis: Past, present, and future. World J Gastroenterol 2022; 28(14): 
1405-1429
URL: https://www.wjgnet.com/1007-9327/full/v28/i14/1405.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i14.1405

INTRODUCTION
In this review of viral hepatitis infections, we discuss the pertinent clinical information and recent 
organizational guidelines for each of the individual hepatitis viruses while also synthesizing this 
information with the latest research to focus on exciting future directions for each virus.

HEPATITIS A
Hepatitis A
The Hepatitis A Virus (HAV) is a single stranded, non-enveloped ribonucleic acid (RNA) molecule. 
HAV is a member of the Picornaviridae family and the Hepatovirus genus that is transmitted primarily 
through a fecal-oral route via person-to-person contact or ingestion of contaminated food or water[1,2]. 
Globally, serologic evidence of prior infection is quite high, but prevalence has high geographic and 
demographic variability[3]. Acute HAV infection characteristically causes a self-limited illness. 
However, cases of fulminant liver failure have been reported with advanced age being the greatest risk 
factor for symptomatic disease[4]. Treatment is primarily preventative with vaccination prior to possible 
exposures, and both vaccination and HAV immunoglobulin to confer both active and passive immunity 
after exposure[5].

Epidemiology
An estimated 1.4 million cases of hepatitis A occur globally each year[6]. Estimates of disease prevalence 
vary regionally and are highly dependent on socioeconomic status and access to clean water. In 
developing countries with poor sanitation, there is nearly 100% seropositivity for HAV immunoglobulin 
G (IgG). In these countries, it is presumed that most children are infected at very early ages, when 
minimal symptoms develop and therefore clinical presentation of HAV infection is very rare[3]. In 
wealthy nations, including the United States, HAV IgG seropositivity rates are much lower[7]. Seropos-
itivity increased with age and was lower among United States-born residents compared to immigrants
[8]. Since the introduction of the HAV vaccine in 1996, new cases of HAV have declined by over 90% in 
the United States despite relatively low rates of HAV vaccination[9]. International travel to endemic 
areas or person-to-person contact with an infected person are the main risk factors for HAV.

Natural History of Infection and Clinical Course
The primary route of HAV infection is the fecal-oral route from contaminated food and water. This is 
evidenced by detection of HAV RNA in stool during the incubation period and for up to 4-5 mo after 
the onset of symptoms[10]. In small children, the infection is largely asymptomatic with fewer than 10% 
of children < 6 years old developing jaundice with HAV infection, and the only evidence of infection is 
serologic presence of anti-HAV antibodies. In older children and adults, HAV infection follows a 
characteristic pattern[5]. Infection is followed by an average 28-d incubation period where the virus 
actively replicates in hepatocytes. HAV itself is not thought to be directly hepatotoxic as there is no 
laboratory or clinical evidence of liver damage during the incubation period, and HAV can be 
propagated in vitro without any evidence of cytopathology[11]. After the incubation period, however, 
there is immune-mediated damage to the hepatocytes that results in non-specific symptoms of fever, 
malaise, fatigue, and loss of appetite followed by jaundice in approximately 70% of patients[12]. The 
majority of patients (approximately 60%) have a full recovery within 2 mo. Of the patients who do not 
fully recover within 2 mo, some develop prolonged cholestasis and others have relapsing disease with 2 
or more bouts within a 6-10 wk period driven primarily by viral shedding within the stool and 

https://www.wjgnet.com/1007-9327/full/v28/i14/1405.htm
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reinfection. The overwhelming majority (nearly 100%) of these patients fully recover within 6 mo of 
disease onset, and there is no increase in mortality with any of these disease presentations[9].

Fulminant HAV is associated with low HAV RNA titers and high bilirubin levels, likely related to a 
robust host immune response reducing HAV viral load and resulting in significant hepatocyte damage
[4]. Acute liver failure occurs in less than 1% of cases of HAV infection[4]. It is more common among 
patients with advance age (> 75 years old), underlying liver disease, or chronic kidney disease. The 
incidence of fulminant HAV in the United States has decreased dramatically from 1990 to 2005[13]. Data 
from the United States Acute Liver Failure Study Group (ALFSG) showed that the proportion of ALFSG 
cases due to HAV was low (29 of 925 patients, 3.1%), and of these patients, 55% recovered, 31% received 
transplant, and 14% died[13]. In 2006, the ALFSG study group designed a prognostic model based on 
clinical features at presentation [alanine transaminase (ALT) < 2600 IU/L, creatinine > 2.0 mg/dL, 
intubation, and vasopressors] that predict the likelihood of death and need for transplant with high 
accuracy[13]. Subsequently, a refined scoring system was derived from a cohort of 294 Korean patients 
with fulminant hepatitis A to predict the likelihood of death or need for liver transplant[14]. This 
scoring system takes multiple objective values (age, international normalized ratio, bilirubin, ammonia, 
creatinine, and hemoglobin) at the time of HAV-associated ALF into account, and compared to the 
ALFSG study group, this new model better predicted the likelihood of death or need for transplantation 
in both the Korean discovery cohort and international validation cohorts[14]. These scoring systems are 
useful in determining the level of care that a patient with acute HAV infection should receive. 
Nevertheless, there is an unusually high rate of recovery for HAV-related acute liver failure, and given 
this, auxiliary transplantation and artificial liver devices have been proposed as therapeutic bridges to 
native liver recovery and regeneration[15]. However, these are not commonly used in clinical practice.

Prevention, Diagnosis, and Treatment
There are currently 4 inactivated HAV vaccines available, all with similar efficacy and side effect 
profiles. However, widespread vaccination programs are not currently universal[16]. In fact, the World 
Health Organization (WHO) recommends that large-scale efforts should not be undertaken in highly 
endemic areas where nearly 100% of children contract HAV early in life and are asymptomatic[16]. On 
the other hand, in regions with lower rates of disease and higher acute infection rates later in life (when 
it is more likely to be symptomatic and result in increased healthcare costs) the WHO recommends 
either targeted vaccination of high-risk groups (in very low prevalence areas) or universal vaccination 
programs (in intermediate endemic areas)[16]. Given recent outbreaks and increases in the number of 
cases reported in the United States each year, the United States Centers for Disease Control (CDC) now 
recommends vaccination of all children > 1 year old in addition to the traditional at-risk groups[17].

Clinically, HAV infection is indistinguishable from other forms of acute viral hepatitis and diagnosis 
relies on serologies. An acute infection is defined by the presence of anti-HAV-immunoglobulin M 
(IgM) antibodies, which are present within a couple of weeks of exposure and at the onset of symptoms. 
Anti-HAV-IgG antibodies are also present at the onset of symptoms. While the anti-HAV-IgM titer 
decreases over time and is generally undetectable after 1 year of exposure, the IgG antibody is present 
for life and confers lifelong immunity. HAV RNA can be found in various bodily secretions and 
excretions, which can determine infectivity but levels are not currently used clinically.

Treatment for HAV is largely supportive with spontaneous recovery in the overwhelming majority of 
patients. While there is no anti-viral treatment for HAV, some studies have investigated post-exposure 
prophylaxis with both active immunity with HAV vaccination and conferring passive immunity 
through HAV immunoglobulin infusions. The most comprehensive study came in 2007 when Victor et al
[18] performed a randomized control trial comparing HAV vaccination to HAV immunoglobulin in 
1090 household contacts aged (2 to 40) of HAV patients. Both groups had low rates of hepatitis A, and 
the study’s noninferiority criteria were met[18]. As such, the United States CDC recommends either 
HAV vaccine or HAV immunoglobulin for post-exposure prophylaxis within 2 wk of exposure[19]; 
however, the HAV vaccine does have an advantage over immunoglobulin, including active immunity 
and longer duration of action.

In summary, while effective HAV vaccines are available, the available data support the current 
practice of targeted vaccination in areas where patients who are more prone to more severe symptoms 
from HAV are more likely to be exposed rather than vaccinating all individuals in endemic areas. For 
those who are exposed, it will be interesting to see if further improvements can be made to already good 
predictive models to determine the clinical trajectory of patients with acute, fulminant HAV to 
determine whether liver transplant will be needed. Finally, we will be eagerly watching for further data 
on currently investigational liver support devices, which hold promise to provide supportive care 
through fulminant HAV and obviate the need for liver transplantation.

HEPATITIS B
Hepatitis B infection is caused by the Hepatitis B Virus (HBV), a deoxyribonucleic acid (DNA) virus 
belonging to the Hepadnaviridae family and the Orthohepadnavirus genus[20]. It is transmitted via 
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exposure to infected blood or bodily fluids, most commonly from intravenous drug use, sexual contact, 
or vertical transmission from mother to child[20]. The burden of HBV is declining in the developed 
world due to vaccination[21], but HBV prevalence is still quite high in endemic areas primarily due to 
vertical transmission between mother and child and early life exposures[22]. The age of HBV infection is 
the principal factor determining the course of disease; the overwhelming majority of perinatally infected 
patients develop chronic hepatitis B whereas the majority of adults who are infected readily clear the 
virus[23]. Antiviral medications can stop viral replication and subsequent liver damage. While no 
available treatments can clear HBV infection, there are exciting investigational agents that may provide 
therapeutic benefit in the future[24]. Moreover, there is a broad global health effort to eliminate HBV via 
a combination of aggressive vaccination, diagnostic, and treatment programs[25].

Epidemiology
In 2006, it was estimated that 2 billion people had been infected with HBV and that 360 million people 
were living with chronic hepatitis B worldwide. There is geographic variation in hepatitis B prevalence. 
Endemic regions like Southeast Asia, Sub-Saharan Africa, and parts of South America have prevalence 
rates greater than 8% compared to 2% in non-endemic areas, including the majority of North America
[26]. Routes of transmission differ between endemic and non-endemic areas and determine the course of 
HBV infection. In endemic areas, vertical transmission between mother and child and horizontal 
transmission among young children are the most common routes of HBV infection, but in non-endemic 
areas, intravenous drug use and sexual transmission in adults are the predominant modes of infection
[27]. Exposure to HBV within the first six months of life confers a nearly 90% risk of developing a 
chronic infection due to immunologic tolerance, which decreases to approximately 50% risk if exposed 
before the age of 6[27]. Acutely infected adults with intact immune systems, however, spontaneously 
clear HBV infection in a remarkable 95% of cases. Taken together, these data indicate that the majority 
of chronic HBV in the world is within endemic areas. In line with this, recent studies have shown that 
more than 90% of cases of chronic HBV in the United States are in immigrants from endemic areas[28]. 
While the incidence of acute HBV is declining in the United States due to vaccination, blood product 
screening, and perinatal screening, the incidence of chronic HBV is increasing due to changing 
immigration patterns and increasing immigration from endemic areas[28]. A recent meta-analysis 
assessed the prevalence of hepatitis B surface antigen (HBsAg) in hemodialysis patients in the Middle 
East found a 4.4% positivity rate, which is decreasing over time[29].

Natural History of Infection and Clinical Course
Hepatitis B is a small DNA virus with 10 known genotypes. The enveloped hepatitis B virus is 
recognized via the HBsAg and enters the cell via receptor-mediated endocytosis[20]. Upon entry into the 
cell, HBV is uncoated and undergoes repair of the single-stranded DNA to either integrate into the host 
genome or form covalently closed circular DNA (cccDNA), both of which serve as templates for 
transcription and translation[20]. The cccDNA persists in hepatocytes even after other signs of declining 
virus activity, including HBsAg loss, and is the main cause of HBV persistence despite antiviral 
treatment. The 3.2kb genome has 4 open reading frames that encode for the (1) Core gene (important for 
viral packaging and production of e-antigen (eAg); (2) surface gene (encodes surface proteins); (3) X-
gene (which maintains expression of cccDNA); and (4) polymerase gene (encodes multiple proteins 
important for DNA replication, including a reverse transcriptase and polymerase)[24]. Once transcribed 
from cccDNA, immature RNA molecules are packaged into nucleocapsids that can either be recycled to 
the nucleus or further packaged and trafficked to budding sites in a HBsAg-dependent manner.

HBV is not directly cytotoxic but instead the clinical course of HBV is determined by the intensity of 
the immune response[30,31]. Acute HBV infection is a subclinical illness in approximately 2/3 of the 
cases while the other 1/3 develop symptomatic hepatitis and 1% develop acute liver failure with 
survival rates of only 20%. Regardless of the initial clinical manifestation, with an intact immune 
system, the majority of HBV is rapidly cleared, and understanding the modes of natural clearance are 
important for developing new treatment strategies.

The innate immune system is classically thought of as the initial line of defense against pathogens: It 
uses non-specific defenses including proinflammatory cytokines, interferons, and natural killer (NK) 
cells to keep the virus under reasonable control[31]. The adaptive immune system is fine-tuned to more 
specifically fight the pathogen. In hepatitis B, however, the line between these two arms of the immune 
system are blurred. In acute HBV infection, the innate immune system has a relatively weak release of 
the prototypical cytokines and weak induction of interferon and interferon-stimulated genes[32]. In fact, 
HBV has been shown to actively suppress interferon release and inhibit with interferon functions[33]. In 
one study of 21 patients with acute HBV infection, these patients had an increase in the anti-inflam-
matory cytokine interleukin (IL)-10 while there was no change in interferon levels from baseline[34]. 
Increases in IL-10 were accompanied by a decrease in NK cell activation and attenuated HBV-specific 
CD4+ and CD8+ T-cell responses[34]. Moreover, there is a decrease in NK cell function in clearing the 
initial infection. However, non-traditional roles for NK cells, including regulating the adaptive T-cell 
response, and the non-classical NK T-cells (NKT cells) can clear HBV without the help of CD4+ or CD8+ 
T-cells. These defects in the innate immune response to HBV infection are likely the culprit for the 
relatively low rate of symptomatic hepatitis in the acute phase and have led to HBV being considered a 
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“stealth virus”[35].
Adaptive immunity plays a crucial role in clearance of acute HBV infection. Classically, CD8+ T-cells 

selectively eliminate virus-infected cells by recognizing short viral epitopes on infected cells, and HBV-
specific CD8+ T-cells are an integral component of natural HBV control[31]. This was suggested by a 
study of 23 patients with acute, self-limited HBV[36]. Interestingly, the highest frequency of HBV-
specific CD8+ T-cells correlated with the clinically acute phase of infection[36]. Causation was more 
convincingly demonstrated with an experimental chimpanzee model with selective depletion of either 
CD4+ T-cells or CD8+ T-cells prior to acute HBV infection[37]. Chimpanzees with depletion of CD8+ T-
cells had delayed viral clearance, and viral clearance did not occur until the reappearance of CD8+ T-
cells[37]. Repopulation of CD8+ T-cells and viral clearance also coincided with interferon expression. 
Depletion of CD4+ T-cells did not have any appreciable effect on viral clearance compared to controls
[37].

Patients who are unable to mount this initial immune response fail to clear the virus and progress to 
chronic HBV. Immunologic hallmarks of chronic hepatitis B infection include numerical and functional 
deficiency of HBV-specific CD8+ T-cells as well as decreased B-cell function[38-40]. Given their crucial 
role in clearing acute HBV infection, augmenting the number and function of CD8+ T-cells is of great 
interest in therapeutic development.

Chronic hepatitis B has four distinct phases: the immune tolerant phase, immune active phase, 
inactive carrier phase, and reactivation. In the immune tolerant phase, there are high HBV viral loads 
without lab evidence of liver inflammation. Immune active phase is evidenced by lower viral loads with 
elevated transaminases. If untreated, patients in the immune active phase have a very high chance 
(approximately 20%) of progressing to chronic liver disease with cirrhosis and hepatocellular carcinoma 
(HCC) in approximately 25%-30% of patients with the presence of active viral replication and necroin-
flammatory liver disease being predictors of disease progression. In the absence of antiviral therapy, 
patients with HBsAg-positive cirrhosis have an 84% 5-year survival when compensated but a bleak 14% 
5-year survival rate after the initial decompensation event[41]. While current antivirals can help 
improve liver histology, decrease hepatic decompensation, and improve long-term survival, achieving a 
functional cure (i.e., HBsAg loss) is an uncommon event with unknown predictive factors[42,43]. In the 
inactive carrier state, patients have normalization of transaminases, undetectable HBV virus levels, and 
in some patients, fibrosis improvement[44]. However, these patients can reactivate either due to loss of 
immune control whether spontaneously or induced by immunosuppressive therapies[45]. Despite 
available treatments, the burden of chronic HBV is still very high and is estimated to account for 700000 
deaths each year from decompensated cirrhosis and HCC[46].

Prevention, Diagnosis, and Treatment
As discussed above, vertical and horizontal transmission in childhood are responsible for the majority 
of chronic HBV infections. HBV can be prevented with administration of an effective HBV vaccine, 
which has been available since the 1980s. This was demonstrated with mass childhood vaccination 
programs in the endemic area of Taiwan that started in 1984[47]. Seroprevalence of HBV was tested 10 
years after the introduction of mass vaccination programs and showed marked declines in the 
childhood presence of HBsAg (from 9.8% to 1.3%) and rising rates of immunity as marked by hepatitis B 
surface antibody (HBsAb) (from 23% to 79%)[47]. Importantly, a subsequent study showed that 
universal childhood HBV vaccination was also linked to reduced incidence of childhood HCC and 
HCC-associated mortality[48]. A similar aggressive vaccination program for Native Alaskans was 
conducted in newborns and young-children and was linked to elimination of acute, symptomatic HBV 
infections and HCC[49]. Additionally, despite a growing population, the number of children identified 
with HBsAg fell from 697 to 2 after initiation of this vaccination program[49]. The effect of vaccination 
has also been studied in infants at highest risk of vertical transmission—those born to HBeAg positive, 
HBsAg carrier mothers[50]. In combination with hepatitis B immunoglobulin (HBIG), neonatal 
vaccination for HBV was extremely efficacious. Persistent HBsAg was found in only 6% of the infants 
receiving both vaccination and HBIG compared to 88% of those receiving placebo[50]. With this marked 
efficacy in mind, the World Health Organization has recommended universal birth dose vaccination 
against HBV. However, despite the demonstrated efficacy more than 35 years ago, this has still not 
occurred in the majority of endemic countries. Expanding HBV vaccination is therefore the focus of 
many ongoing global health efforts to eliminate HBV[25].

Available antiviral medications against HBV are interferon-based regimens or nucleotide/nucleoside 
reverse transcriptase inhibitors (NRTIs), including entecavir, tenofovir, lamivudine, adefovir, and 
telbivudine[42]. Interferon-based therapies have both immune stimulating and antiviral effects and have 
higher potency than NRTIs; however, it is used much less frequently because of its adverse effects. The 
first generation NRTIs (lamivudine, adefovir, and telbivudine) suffered from low-barriers to viral 
resistance and have been replaced by second generation NRTIs (entecavir and tenofovir) in clinical 
practice[42]. When used alone, NRTIs can achieve HBV DNA negativity in 70%-85% of patients and e-
antigen seroconversion in 20%-25% of patients after 1 year of treatment with even further benefit after 3 
years[51]. However, even patients with seroconversion have high rates of HBV relapse upon 
withdrawal of medication (approximately 30% by 5 years), which has led to prolonged therapy even 
after e-antigen seroconversion to decrease the risk of reactivation[52]. While many patients are treated 
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with lifelong NRTIs with minimal side effects, even the simplest treatment algorithms require physician 
visits, lab draws, and HCC screening every 6 mo. This is costly and inconvenient, which can lead to 
non-adherence to care for a variety of reasons, especially in many resource-limited endemic countries. 
Indeed, worldwide, many patients that guidelines would suggest to be on NRTI therapy do not actually 
receive treatment[25]. Multiple approaches to remove this barrier to receiving care are being invest-
igated and include determining if and when therapy can safely be withdrawn and combining NRTI 
therapy with other therapies to improve durable, off-treatment responses. In retrospective analyses of 
patients who have discontinued NRTI, it appears safe to stop therapy if patients do not have HBeAg, 
have very low levels of HBsAg, and have minimal fibrosis. However, flares can still occur and HCC 
screening is still required, and therefore close follow up is still warranted, suggesting that this approach 
may not be feasible on a global scale[53]. NRTI withdrawal appears to be more feasible in non-cirrhotic, 
HBeAg negative patients with low HBV DNA titers if NRTI is combined with interferon therapy; 
however, this too was done in a highly regimented clinical trial setting with relatively short-term follow 
up[54]. At the moment, this approach is only experimental, and real-world experience with longer term 
data to determine HBV relapse rates and HCC occurrence has yet to be seen.

In sum, the most promising method for prevention of primary HBV infections is early, universal 
vaccination, and we are hopeful that aggressive vaccination campaigns already underway will substan-
tially reduce the burden of HBV in the coming decades. Fortunately, highly active antivirals are capable 
of controlling the virus and reducing the burden of advanced liver disease from HBV; however, there 
remains no cure for HBV. In the next section, we discuss many exciting experimental approaches aimed 
at curing HBV via multiple different mechanisms.

Future Therapies Under Investigation
The high rate of HBV relapse after NRTI withdrawal reflects the persistence of cccDNA and integrated 
HBV DNA. Multiple drugs in development target components of the HBV lifecycle as well as the 
immune response to HBV infection. Future approaches to achieving a cure for hepatitis B will likely 
exploit all three pathways. That is, (1) Use of existing potent antivirals in combination with; (2) novel, 
direct acting antivirals; and (3) immunomodulators that enhance clearance of cells that harbor HBV 
DNA[24]. Novel direct-acting antiviral therapies under investigation include gene editing and 
suppression via clustered regularly interspaced short palindromic repeats (CRISPR-CAS-9) technology 
and gene suppression via silencing RNA (siRNA) and antisense oligonucleotides (ASOs)[24].

The CRISPR approach has been used with guide RNAs designed to target cccDNA components (core, 
polymerase, or X open reading frames)[55]. This study demonstrated the ability of CRISPR technology 
to directly cleave cccDNA and significantly reduce both HBV RNA titers and HBsAg concentrations in 
vitro with both transient transfection and sustained expression. In a mouse model of HBV infection, 
simultaneous delivery of HBV and guide RNA was also shown to result in decreased HBV viral titers 
and HBsAg levels[55]. Given that both integrated HBV DNA and cccDNA can contribute to HBV 
persistence, another group successfully used CRISPR to excise a full-length integrated DNA fragment 
while simultaneously disrupting cccDNA in a cell line that stably expressed HBV DNA[56]. All 
measures of HBV chronicity were undetectable for 12 mo after this therapy[56]. While this is promising, 
CRISPR-Cas9 targets the integrated DNA by inducing double stranded DNA breaks within the host 
genome, which has the potential to have detrimental off-target effects including host genome 
rearrangement. More targeted approaches with CRISPR-Cas-9 “nickases” to mediate only single strand 
nicks and base-editing to introduce mutations have also been employed[57]. A more targeted approach 
with CRISPR-Cas9-mediated base-editing to introduce mutations has also been attempted in vitro. The 
introduction of either missense or nonsense mutations resulted in inactivation of both integrated and 
cccDNA with associated reductions in HBV viral titers, HBsAg, and reductions in both surface and 
polymerase proteins[57]. Moreover, CRISPR-Cas-9-mediated knockout of HBsAg in an HCC cell line 
reduced proliferation in vitro and the ability of these cells to form tumors in mice, suggesting 
therapeutic potential for HBV-associated HCC as well[58]. Together, these data suggest that CRISPR-
Cas9 technology has the potential to promote a true HBV cure.

Alternative approaches that directly target the hepatitis B virus include targeting the RNA products 
of both cccDNA and integrated HBV transcription via specific siRNA or ASOs. Both siRNA and ASOs 
are short RNA sequences that are complementary to the viral mRNA and therefore generate double 
stranded RNA that is targeted for degradation via dicer or RNase-H, respectively[59]. With multiple 
siRNA or ASOs administered in each dose, this approach has the potential to target multiple mRNA 
products simultaneously[59].

One siRNA molecule, ARC-520, is designed to target the open reading frame of HBV X but overlaps 
with all cccDNA transcripts and therefore has the potential to target all cccDNA transcripts for 
degradation. ARC-520 was shown to be safe in healthy volunteers[60], and in a phase II study, ARC-520 
resulted in significant reduction in HBsAg production in patients that were NRTI-naïve or had HBeAg
[61]. The difference in response to RNA interference (RNAi) between HBeAg+ and HBeAg- patients was 
investigated using chimpanzees and determined to be due to the presence of integrated DNA in 
addition to cccDNA[61]. In follow up studies of ARC-520 activity against chronic HBV in NRTI-
experienced patients, four monthly doses of the siRNA resulted in dose-dependent reduction in HBsAg 
concentrations regardless of HBeAg status. The reductions were only modest (approximately 0.4 log 
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reduction from baseline), possibly resulting from the presence of integrated DNA that is not targeted by 
this particular siRNA[62]. Additional siRNAs are currently under development and preliminary data 
from one siRNA that uses a N-Acetylgalactosamine ligand to target the siRNA to the liver suggests 
improved HBsAg reduction (approximately 1.75 log reduction) with dosing every 4 wk[63].

The potential of ASO in treating chronic HBV was recently demonstrated in preclinical in vitro and in 
vivo mouse models[64]. A target second-generation ASO that was complementary to reference 
sequences in HBV genotypes A-H was identified as an effective ASO using in vitro models. This ASO 
reduced HBV DNA expression, replication, viremia, and HBsAg and HBeAg production in multiple 
HBV genotypes[64]. Importantly, the ASO used had no interference with the anti-viral activity of NRTIs 
when given simultaneously, suggesting that combination with existing therapy is feasible[64]. An HBV-
targeted ASO was recently shown to be safe in escalating doses in healthy human subjects[65], and 
subsequently shown to have excellent antiviral activity in patients with chronic hepatitis B with 
reduction in HBsAg regardless of concurrent therapy after 29 d[66]. In addition to the longer-term 
follow up that is underway, it will be important to determine if there can be a further decline in 
measures of HBV infection if combined with additional ASOs or if sequence variations between 
individuals can be accounted for with use of multiple ASOs simultaneously[67]. Moreover, further 
modifications to ASOs are currently in development to improve delivery to hepatocytes[67].

Immunomodulation aims to rectify the relative functional and numerical deficiency of CD8+ T-cells 
that is present in patients with chronic hepatitis B infections. This can be achieved either by augmenting 
the function of existing CD8+ T-cells, creating a new source of CD8+ T-cells, or immune mobilization[24,
31,68,69]. One hallmark of CD8+ T-cells in chronic HBV is overexpression of inhibitory molecules, 
among them programmed cell death protein-1 (PD-1). This has led to the hypothesis that PD-1 
inhibition may increase recruitment of T-cells to help clear chronic hepatitis B. Efficacy of a single dose 
of the PD-1 inhibitor nivolumab was tested in patients who already had viral suppression and were 
HBeAg negative and demonstrated a modest further reduction in HBsAg production at 12 wk (average 
reduction was 0.3 log reduction) with only 1 patient achieving loss of HBsAg production in the study 
period[70]. While these data demonstrate some additive benefit of immunotherapy with currently 
available antivirals, it is notable that this study specifically excluded patients with advanced fibrosis 
leaving open the possibility that patients with cirrhosis may not be ideal candidates for this approach. 
Moreover, given extremely low number of HBV-specific CD8+ T-cells in chronic hepatitis B, it is unlikely 
that recruitment of autologous T-cells alone will provide a durable cure.

This realization has led to efforts to generate new functional pools of effector T-cells by engineering 
large numbers of HBV-specific T-cells using chimeric antigen receptor (CAR) and T-cell receptor (TCR) 
technology. This approach has been successfully employed in mouse models of chronic HBV. One 
group isolated CD8+ T-cells from mice and engineered them to express CAR that bind to HBV envelope 
proteins prior to transferring them into HBV transgenic mice[71]. These adoptively transferred HBV-
specific T-cells engrafted, expanded, honed to the liver, reduced HBV replication, and caused only 
transient liver damage[71]. Similar success was achieved in HBV-infected humanized mice using human 
T-cells that were engineered to express an HBV-specific T-cell receptor[72]. Further, simultaneous 
treatment with the TCR-engineered cells and the HBV entry inhibitor myrcludex led to long-term 
control of HBV infection with limited liver injury[72].

A third approach has recently been described and acts as a hybrid between the above described 
methods of recruitment autologous T-cells and engineering larger pools of T-cells[69]. This approach 
uses immune-mobilizing monoclonal T-cell receptors against the virus (immTAV), which are soluble 
bispecific proteins that bind to both the TCR, which specifically recognizes the HBV viral peptide-
human leukocyte antigen complex, and to CD3, which recognizes non-specific T-cells. Using an HBV 
envelope protein-specific immTAV, one group demonstrated that this approach can redirect polyclonal 
T-cells to destroy hepatocytes that are either infected with HBV or have integrated HBV DNA[69].

Despite the success of these immunotherapy approaches in cell culture and animal models, these 
have not yet been translated into human trials. Investigators are likely to proceed with caution given 
that these cytotoxic T-cells are targeting infected tissue within an essential organ and any exaggerated or 
off-target effect has the potential to induce irreparable liver damage and prove fatal. One possible way 
to minimize this chance is to minimize the portion of hepatocytes harboring HBV infection with existing 
antivirals. It is therefore likely that this approach will be most useful after existing or novel antiviral 
medications deplete significant portions of HBV DNA. Enhancing CD8+ T-cell function will therefore 
result in destruction of the few remaining infected hepatocytes to allow for a cure.

HEPATITIS C
Hepatitis C infection is caused by the Hepatitis C virus (HCV), a single stranded RNA virus. HCV is a 
member of the Flaviviridae family and Hepacivirus genus that is transmitted primarily through direct 
bloodstream inoculation[73,74]. HCV successfully evades the immune system to cause a chronic 
hepatitis in the majority of cases, which often leads to advanced fibrosis and cirrhosis if untreated[73]. 
While there are no effective vaccines for HCV prevention, with the advent of direct-acting antivirals 
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(DAA) for the treatment of HCV, HCV can be easily cured in the overwhelming majority of cases. This 
has now led to ambitious global efforts to eliminate HCV[75]. Additionally, DAAs have led to the 
exciting possibility of transplanting organs from HCV-positive donors, which has the potential to 
greatly expand the organ donor pool and increase the availability of scarce resources.

Epidemiology
HCV is estimated to effect approximately 3% of the population worldwide, which translates into nearly 
200 million cases worldwide. There is a wide geographic variation in disease prevalence with rates of 
approximately 1.5% in the United States to nearly 15% in Egypt and up to 50% in certain age groups in 
Egypt[74,76,77]. The unusually high rate of HCV positivity in Egypt has been traced to campaigns to 
administer parenteral anti-schistosomiasis treatment with inadequate needle sterilization in the 1950-
1980s and subsequent spread with blood transfusions and medical and dental procedures[78]. More 
recently, a large effort to screen and treat Egyptians for HCV was undertaken and successfully screened 
49.6 million people for HCV and showed a lower seroprevalence than previous estimates after large 
treatment efforts, now at 4.61%[79]. Remarkably, after DAA treatment 98.8% of patients with a known 
treatment outcome had achieved sustained viral response, suggesting an even lower disease prevalence 
in Egypt now[79].

The estimates of prevalence in the United States are based on the National Health and Nutrition 
Examination Survey (NHANES) database, which surveys a representative sample of 5000 adults 
annually; however, it is notable that this survey does not include homeless or incarcerated individuals, 
where HCV prevalence is estimated to be significantly higher, with weighted prevalence of 23.1% in the 
incarcerated population and 32.1% in the homeless[80]. The estimates in the United States are therefore 
likely to underestimate the true disease burden with one study calculating that NHANES underes-
timates the number of HCV infections in the US by approximately 1 million[80]. Moreover, in recent 
years, the opioid epidemic has led to increasing rates of HCV cases and a shifting demographic, now 
with rates of infection rising fastest in young people while rates in the baby boomer generation fall due 
to screening efforts and treatment[81].

Hepatitis C transmission occurs with parenteral exposures, most commonly from intravenous drug 
use and contaminated blood transfusions with a notable exception in Egypt, as discussed above. A case 
control series from 1997 surveyed both 2316 HCV-positive and 2316 HCV-negative blood donors from 
the United States for lifestyle and socioeconomic factors to elucidate possible mechanisms of HCV 
exposure and transmission and to assist with finding populations that may benefit from closer screening
[82]. They found that the strongest risk factors for HCV-positive individuals were intravenous (IV) drug 
use (OR 49.6), blood transfusion, (OR 10.9), and sex with an IV drug user (OR 6.3)[82]. Since 1992, the 
United States has enacted universal HCV screening of donated blood, which has dramatically reduced 
the risk of HCV transmission via blood transfusions[83]. HCV can survive on an unsterilized needle for 
many days depending on the temperature and inoculum[84]. There are an estimated 11-21 million IV 
drug users worldwide[85], with rates rising in many countries, most notably with the opioid epidemic 
in the United States[81]. This has already led to rates of HCV infection rising sharply since 2010[86] and 
is likely to continue to do so until the opioid epidemic is under better control.

Natural History of Infection and Clinical Course
Nearly all cases of acute hepatitis C are asymptomatic, and fulminant hepatitis C has been reported only 
in case reports[87]. The lack of symptoms in early infections has precluded identification of patients for 
large studies to fully characterize this phase of the disease. Studies of transfusion-associated infections 
have been able to identify some patients with acute, transfusion-related HCV infections[88]. These 
studies have identified that HCV RNA rises rapidly after infection followed by a rise in ALT in 1-3 mo, 
indicating hepatocyte damage. The latent period (defined as the period prior to ALT elevations) is 
inversely proportional to the donor HCV viral load and is shorter in patients with clinically overt 
disease[88]. Importantly, these studies have helped identify host factors that assist with HCV clearance 
and those that make hosts susceptible to developing chronic disease. More recently, the factors that 
mediate this rapid immune response are being used in the hopes of developing a hepatitis C vaccine.

One such study analyzed women who were infected with HCV when prophylactically treated with 
Rho (D) immunoglobulin and found that spontaneous viral clearance is strongly associated with genetic 
polymorphisms near the interleukin 28B (IL28B) gene, which encodes interferon (IFN)-λ-3[89]. 
Moreover, women who did not have the favorable IL28B polymorphism had increased chance of viral 
clearance if they developed jaundice in the acute phase of infection[89]. This finding has been confirmed 
in additional studies, and one study followed 632 patients with acute HCV and found that 25% of 
patients cleared acute HCV with clearance being more likely if patients were female, had the favorable 
IL28B genotype (C/C), or were infected with HCV genotype 1[90]. This large study suggests that HCV 
becomes a chronic infection in approximately 75% of acutely infected individuals, which is in line with 
widely quoted estimates of 50%-85% chronicity rates[90].

Chronic HCV is also largely asymptomatic prior to the development of advanced fibrosis, and 
cirrhosis is estimated to occur in 16% of patients within 20 years of HCV infection[91]. Factors that 
contribute to chronic HCV progressing to cirrhosis include advanced age, concurrent HBV, ongoing 
alcohol use, immunocompromised states, and risk factors for non-alcoholic steatosis including obesity 
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and insulin resistance[92]. Once a patient has cirrhosis, they are at higher risk for hepatic 
decompensation and the development of HCC. While HCV-associated HCC can develop in non-
cirrhotic livers[93], the risk is much higher in patients with cirrhosis and additional risk is conferred by 
many of the factors associated with progression to cirrhosis in the first place, including age, alcohol use, 
and male sex[92].

Diagnosis and Treatment
As briefly discussed above, Hepatitis C is almost universally a chronic, asymptomatic disease until it 
ultimately causes advanced fibrosis and cirrhosis, when it has symptoms that overlap with a variety of 
advanced liver diseases. As such, diagnosis relies entirely on serologies. Given the frequency of HCV in 
the general population, the asymptomatic nature of early HCV, and the ease of treatment (discussed 
more below), it is recommended that all adults in the United States be screened for HCV at least once 
and that high-risk individuals be screened more frequently[94]. In most patients, diagnostic testing 
consists of a hepatitis C antibody test with a reflex to HCV RNA viral load if the antibody test is 
positive. Alternatively, in high-risk patients, some physicians may choose to send an HCV RNA level 
regardless of antibody result. If any test yields a positive result, further characterization of liver 
function—including a fibrosis assessment—will help direct further treatment and screening procedures.

The introduction of direct acting antivirals (DAA) has revolutionized the care of patients with HCV
[95-98]. With pan-genotypic treatments now available, insurance coverage, falling costs of available 
agents, and widely available algorithms for simplifying treatment of patients with HCV (e.g., 
https://www.hcvguidelines.org), treatment of HCV is readily available to the majority of patients in 
developed countries such as the United States. Treatment goals have therefore shifted towards reaching 
as many patients as possible and have led to the aggressive goals of eliminating HCV globally[25,75]. As 
briefly discussed above, an impressive voluntary global health effort in Egypt was able to screen 49.6 
million citizens, which identified over 1 million untreated HCV RNA patients and led to successful 
treatment in 98.8% of patients with long-term follow up[79]. Remarkably, the cost of identifying and 
curing each case of Hepatitis C was $130.62 in contrast to the cost of chronic medical care and disability 
in patients with untreated HCV, which is estimated to be in excess of $100000 per patient[79]. This study 
highlights the feasibility of large-scale screening and treatment efforts in resource-limited settings. With 
the recent changes to the United States Preventative Services Task Force recommendations to expand 
screening from all adults born between 1945 and 1965 to all adults between age 18 to 79[94], it will be 
interesting to see if similar massive-scale screening and treatment can be successfully completed in the 
United States.

Despite this impressive effort, several factors remain barriers to global elimination of HCV[25]. 
Notably, in the Egyptian effort, 20.6% of the population did not participate in voluntary screening with 
men and young people (< 25 years old) having the lowest participation rates[79]. While these efforts will 
likely be successful in patients without ongoing risk factors for HCV infection, IV drug users who are at 
particularly high risk for HCV infection are among the patients least likely to seek out regular medical 
care and to adhere to a course of antiviral therapy. With this in mind, multiple studies in the United 
States have experimented with modified treatment protocols to decrease the burden of treatment and 
improve access to care. For example, the MINMON study (Clinical Trial Number: NCT03512210) aims 
to test whether a minimal monitoring approach is safe and effective when using the pan-genotypic 
agent sofosbuvir/velpatasvir in treatment-naïve HCV patients. To do this, they require no pretreatment 
genotyping, provided patients all of the necessary medication up front, and do not schedule any clinic 
or lab visits while patients were undergoing treatment but did remotely contact patients at 4 and 22 wk. 
Promising results for this study were presented at the American Association for the Study of Liver 
Diseases Liver Meeting in 2020 and showed that sustained virologic response (SVR) was near 95%[99]. If 
adopted on a broader scale, this approach has the potential to further simplify HCV treatment and 
remove some of the treatment burden. Additional studies have attempted to identify the most effective 
way to treat patients who inject drugs in the multi-center HERO study[100]. In this study, patients are 
randomly assigned to receive HCV treatment in one of two ways: (1) Directly observed treatment where 
patients take medication in front of a staff member; or (2) With the help of patient navigators who 
attempt to help patients overcome barriers to taking medication. Final results are forthcoming but will 
hopefully help provide guidance for HCV treatment in this difficult to treat population.

Prevention Efforts
Expansion of HCV prevention strategies are also vital to elimination efforts. Given HCV is most 
commonly transmitted from unsafe injection practices, especially among injection drug users, programs 
to increase safe injections are critically important to efforts to prevent HCV transmission and are gaining 
acceptance[101].

As with other hepatitis viruses, primary prevention of HCV with vaccination would be extremely 
beneficial. Moreover, reinfection is a significant risk for patients who have successfully completed DAA 
therapy but continue to have risk factors for HCV infection. Development of an effective HCV vaccine 
has proven difficult due to the extreme genetic diversity of HCV—7 known genotypes with over 80 
known subtypes—and an error-prone viral polymerase that confers HCV with rapid mutability[102]. 
Hope for a vaccine comes from the observation that approximately 25% of acutely infected individuals 
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spontaneously clear HCV[103]; however, re-infection can occur despite the appearance of broadly 
neutralizing antibodies in patients who clear their initial HCV infection. Nevertheless, a study that 
followed 22 active IV drug users who had previously cleared HCV demonstrated that upon reinfection 
with HCV, virus clearance occurs 83% of the time[104]. Moreover, reinfection is characterized by 
reduced maximal viral titers, shorter duration of viremia, and augmented T-cell responses[104]. Benefit 
of humoral immunity in preventing HCV infection has been demonstrated in chimpanzees treated with 
immunoglobulin derived from a human patient in the acute phase of post-transfusion hepatitis C 
infection[105]. In this case, human immunoglobulin directed against the hypervariable region 1 of the 
envelope 2 protein prevented infection with homologous HCV strains[105]. In another study, HCV 
neutralizing antibodies derived from a patient infected with HCV genotype 1a protected chimpanzees 
from infection with genotype 1a and 6a but failed to protect them from infection with HCV genotypes 
4a or 5a[106]. Pools of broadly neutralizing antibodies can prevent infections with multiple HCV 
genotypes in humanized mice[107,108], and together with the extreme genetic variability of HCV, this 
suggests that in order for a vaccine to be widely effective, it should be able to induce generation of 
broadly neutralizing HCV antibodies. Multiple experimental vaccines have used this approach; 
however, to date, the majority of recipients of these vaccines—either chimpanzee or human—have 
failed to produce sufficient titers of broadly neutralizing antibodies in most subjects[102,109]. 
Nevertheless, new culture strategies may enable use of whole inactivated HCV rather than only 
envelope protein epitopes to allow for additional vaccine epitopes and promote generation of more 
broadly neutralizing antibodies.

At the moment, prevention of HCV infection is dependent upon behavioral risk reduction (e.g., clean 
needle programs), which is unfortunately being overpowered by a surge of new cases with the ongoing 
opioid epidemic in the United States. While a vaccine would be ideal, there are various obstacles to 
overcome, as detailed above. Fortunately, widespread screening and treatment programs are underway 
on a global scale, and we are hopeful that these will achieve the goal of elimination of chronic hepatitis.

Hepatitis C and Organ Transplantation
DAAs have also made it possible to transplant solid organs from hepatitis C positive donors, which has 
the potential to greatly expand the donor pool, shorten time on the waitlist, and improve mortality in 
patients in need of organ transplantation[110]. Solid organ transplantation can transmit HCV to the 
organ recipient and was a major concern in the pre-DAA era. This was demonstrated by a retrospective 
review of all cadaveric donors to the New England Organ Bank between 1986 and 1990, and of 716 
organ donors, 1.8% (13) were determined to be HCV positive[111]. Of these 13 HCV positive donors, 
their organs—19 kidneys, 6 hearts, and 4 livers—were transplanted into 29 different recipients, and 14 of 
the recipients (48%) developed HCV, which caused chronic liver disease in the majority of infected 
patients[111]. This study raised serious concerns about whether HCV-positive organs should be offered 
for transplant given the lack of effective treatment for HCV at the time of the study. Subsequent studies 
from the pre-DAA era showed that transplant patients tend to have worse outcomes if they receive 
HCV positive organs. HCV-positive liver transplant recipients have decreased patient and graft 
survival, primarily attributed to HCV recurrence after transplantation[112]. Additionally, in 
immunosuppressed patients, including recipients of both liver transplants and other solid organs, HCV 
positivity is associated with exceptionally high HCV replication and the development of fibrosing 
cholestatic hepatitis C, an aggressive presentation of HCV that has a high risk of liver failure and 
mortality[113]. For heart transplant patients who receive hearts from HCV-positive donors, there is 
significantly increased mortality at 1, 5, and 10 years that may be attributable to both the development 
of liver disease and accelerated and more severe coronary artery vasculopathy[114,115]. In kidney 
transplant recipients, HCV, whether from the donor organ or already present in the recipient, is 
associated with both increased mortality and graft failure[116,117].

Prior to the introduction of highly effective treatment for HCV, these findings understandably led to 
reservations about using organs from HCV-positive donors and historically resulted in discarding high-
quality organs from HCV-positive donors at much higher rates. Compared to high-quality HCV-
negative livers, high-quality HCV-positive livers were 3 times more likely to be discarded from 2005 to 
2010, a rate which has decreased after DAAs but is still approximately 1.7 times more likely[118]. 
Similarly, high-quality kidneys from HCV-positive donors were 2.6 times more likely to be discarded 
between 1995 and 2009, and a more recent analysis (from 2005-2014) concluded that only 37% of kidneys 
from HCV-positive donors were transplanted (i.e. 63% were discarded) despite most being of good 
quality and many available recipients[119,120]. Hearts from HCV-positive donors are also significantly 
less likely to be used. In 2015, hearts from HCV-naïve donors were used approximately 30% of the time 
compared to 0.7% and 1.4% for hearts from HCV-viremic and non-viremic HCV-Ab positive donors, 
respectively[121].

If attitudes towards transplanting solid organs from HCV-positive patients do not change, there is 
likely to be an even greater mismatch between available high-quality donor organs and patients on 
transplant waitlists, as the opioid epidemic is resulting in an alarming rise in overdose deaths[122]. A 
recent National Registry Study characterized organ donations form deceased donors who died of drug 
overdose (ODD, overdose death donor) between 2000 and 2017 found that ODDs have risen 
significantly in that time from 1.1% of donors in 2000 to 13.4% of donors in 2017[122]. Compared to non-
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ODDs, ODDs were more likely to be young, white, have little comorbidity, and have HCV infection 
(18.3% were HCV-positive)[122]. Despite the higher rates of HCV positivity, the authors found similar 
5-year patient and graft survival rates between non-ODDs and ODDs[122].

Along with the organ shortage and rise in availability of high-quality organs from HCV-positive 
donors, the success of DAAs in curing HCV has led to several clinical trials to determine the outcomes 
of transplanting organs from HCV-positive donors. In general, these trials have been an overwhelming 
success. Two separate studies of 10 HCV-mismatched kidney transplant recipients (Donor positive, 
recipient negative) showed 100% success rate of achieving SVR in recipients[123,124]. Moreover, this 
mismatched strategy reduced wait times, and recipients had excellent graft function at 6 mo post-
transplant[124]. Similar results have been shown in both mismatched heart and lung transplant patients. 
An early study performed HCV-mismatched heart transplants on 13 patients, and 9 of the 13 developed 
HCV viremia shortly after transplant. Eight of these patients completed DAA treatment and 
demonstrated SVR (the 9th patient died of a pulmonary embolus)[125]. Another study enrolled 44 
patients awaiting heart or lung transplant and performed 36 HCV-mismatched lung transplants and 9 
heart transplants regardless of HCV genotype[126]. Ninety-five percent of patients had detectable HCV 
RNA immediately after transplant, and 100% achieved SVR with the pan-genotypic DAA 
sofosbuvir–velpatasvir[126]. Importantly, at 6 mo, the patients continued to have excellent graft 
function and no detectable HCV RNA[126].

Finally, a larger, more recent study that performed 80 HCV-mismatched heart transplants and 
followed patients for 1 year showed comparable 1-year survival and similarly, low rates of allograft 
rejection between patients who received HCV-positive organs and those who received HCV-negative 
organs[127]. However, there was significantly more primary graft dysfunction and a trend towards 
increased early coronary allograft vasculopathy in patients who received organs from HCV-positive 
donors, although this was not statistically significant[127]. A large retrospective registry study of 
patients who underwent a single organ liver transplant from 2008 through 218 demonstrated similar 2-
year graft survival rates (approximately 88%) among all combinations of donor-recipient HCV RNA 
status[128]. Importantly, graft survival from HCV-positive donors has improved in the DAA era, with 3-
year graft survival now approximately 88% regardless of recipient HCV status[128]. Moreover, this 
study demonstrated a trend towards increasing use of organs from HCV-positive donors for HCV-
negative recipients from 7 in 2008 to 107 in 2018, highlighting increased acceptance of this novel strategy 
of expanding the pool of available organs[128].

Together, these data are extremely promising in demonstrating early, post-transplant HCV cure and 
similar graft and recipient survival in short- and mid-term follow-up. They also provide justification for 
the use of organs from HCV-positive donors, regardless of recipient HCV status. This strategy is gaining 
popularity: The Scientific Registry Transplant Recipients indicates increasing numbers of mismatched 
transplants, and there are now similar utilization rates of available HCV-positive and HCV-negative 
donor hearts[128]. Nevertheless, there still exists some skepticism of this strategy, as a recent survey of 
99 transplant nephrology providers demonstrated that fewer than half support offering HCV-positive 
kidneys as part of routine care outside of a research setting[129]. These attitudes will likely shift to usher 
in more widespread use of this practice if long-term outcomes are as promising as the available clinical 
trial results.

HEPATITIS D
Hepatitis D infection is caused by the Hepatitis D virus (HDV), a single stranded, enveloped RNA 
molecule. HDV is the smallest virus known to infect humans, and it is often classified as a subvirus 
given that the HDV lifecycle is entirely dependent on HBV[130,131]. Transmission occurs through 
similar means as HBV and can occur either at the same time as an HBV infection (i.e., coinfection) or in 
patients with chronic HBV infections (i.e., superinfection). This relationship to HBV infection timing 
determines the natural history of HDV infection, with superinfection more often leading to a rapid 
clinical deterioration with progressive hepatitis, cirrhosis and development of complications of 
cirrhosis, including HCC. Current treatment strategies for HDV are centered around prevention and the 
management of HBV, as HDV is entirely dependent on the HBV lifecycle; however, directed therapies 
against HDV are under investigation[132].

Epidemiology
There are multiple estimates of HDV prevalence, as high as 13% of all HBV carriers; however, a recent 
meta-analysis estimated that approximately 4.5% of HBsAg-positive people are coinfected with HDV, 
which corresponds to approximately 12 million HDV infections worldwide[133]. HDV is present 
worldwide with geographic variation that does not align with HBV prevalence. There is a very high 
prevalence of HDV in Mongolia (36.9% of patients with HBsAg) and in central African countries (with 
estimates of > 10% prevalence in the HBsAg-positive population). Despite high rates of HBV infection, 
there are very low rates of HDV co-infection in other Asian countries, including China[133]. Regardless 
of geography, the populations at highest risk for HDV include people who inject drugs and those with 
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human immunodeficiency virus (HIV) or HCV[133]. HDV is even more prevalent in patients with HBV-
associated cirrhosis and HCC, highlighting the pathogenic importance of HDV.

Natural History of Infection and Clinical Course
The primary modes of transmission for HDV are similar to those for HBV with the highest infection 
rates in people who inject drugs. HDV is a 1.7kb single stranded RNA molecule that encodes for the 
hepatitis D antigen (HDAg)[134]. Depending on RNA processing, the HDAg has one of two forms—the 
short form (HDAg-S) or long form (HDAg-L)—each with distinct functional roles. HDAg-S activates 
further HDV RNA synthesis, while HDAg-L inhibits HDV RNA synthesis and promotes HDV assembly 
with HBsAg to allow for packaging and transport[134]. It has been proposed that HDV mediates liver 
toxicity via both direct hepatotoxicity and indirect immune-mediated hepatocellular damage, although 
immune-mediated damage is the current prevailing theory.

Evidence suggesting direct hepatotoxicity is based on (1) Histopathology with limited immune 
infiltrate in acute HDV infection[135]; (2) ultrastructural analysis of hepatocytes infected with HBV and 
with HDV that showed a strong correlation between the appearance of cytoplasmic structures and 
hepatocellular damage as assessed by ALT levels[136]; and (3) in vitro cell culture data in which HDAg 
expression is associated with cell death in the absence of immune cells[137]. However, the conclusion 
that HDV causes direct cytotoxicity has been questioned. Transgenic mice with hepatocyte-specific 
expression of both HDAg-S and HDAg-L demonstrated no direct cytotoxic effect regardless of the level 
of HBsAg coexpression[138]. This finding was mirrored with histologic assessment of HBsAg carriers 
with chronic HDV infection, which demonstrated that HDAg expression was low during acute hepatitis 
and increased with the development of chronic disease[139]. However, these studies do not test the 
possibility of other stages of the HDV lifecycle causing direct cytotoxicity and some have suggested that 
HDV viral replication itself leads to cytotoxicity. More convincing evidence is present for HDV infection 
causing immune-mediated hepatotoxicity. Nevertheless, long-term follow up of 76 patients who 
underwent liver transplant for HDV-related cirrhosis showed that either HDV RNA (serum) or liver 
HDAg were present in 88% of patients within the first year[140]. However, these patients did not 
develop hepatitis unless active HBV infection recurs, suggesting that HDV is not hepatotoxic when 
expressed alone but instead requires HBV expression[140].

Regardless of the mode of hepatotoxicity, HDV has different clinical courses that depend on the 
timing of HDV infection in relationship to HBV-mediated liver disease. For coinfection, HBV and HDV 
are acquired simultaneously, whereas a superinfection occurs when HDV is acquired in a patient with 
an established HBV infection. Coinfection is most common in patients who use IV drugs. Since HDV is 
dependent on HBV and HBV infection is cleared in the majority of cases acquired in adulthood, HDV 
acquired in this manner also spontaneously clears. When the coinfection does not clear, some evidence 
suggests that HDV may cause a more intense hepatitis[141]. This was suggested by the high 
seroprevalence of HDV in patients with fulminant hepatitis B (52% in 1 study), but in this same study of 
fulminant hepatitis B, HDV coinfection correlated with better survival than with those infected with 
HBV alone (57.8% survival in coinfection vs. 16.7% survival with HBV alone)[141].

HDV superinfection occurs when a patient with a preexisting liver disease from chronic HBV 
infection contracts HDV. This is often accompanied by very high levels of HDV RNA expression with a 
subsequent severe hepatitis and decompensation of preexisting liver disease, as the HDV replication is 
protected by high levels of HBsAg[142]. Despite HDV inhibition of HBV replication, HBV infection is 
already established and allows development of chronic HDV infection in the majority of cases. Chronic 
HDV infection often leads to hepatitis with rapidly developing cirrhosis and increased risk of 
decompensation and HCC[143]. The increased risk of HCC in patients chronically infected with HDV is 
evidenced by multiple long-term cohort studies. A 28-year study of 299 patients with HDV infection 
with a median follow up of 233 mo demonstrated that active HDV replication portends an increased 
risk of cirrhosis and HCC with annual rates of 4% and 2.8%, respectively[144]. Moreover, this study also 
reported that HDV replication was an independent predictor of mortality in these patients[144]. 
Another cohort demonstrated that HCC developed in 42% of patients with chronic HDV within 12 years 
of diagnosis[131].

Prevention, Diagnosis, and Treatment
As discussed above, HDV infection and replication is entirely dependent upon HBV infection, and 
therefore HDV prevention efforts are largely centered around HBV prevention with vaccination 
programs. HBV vaccination programs have therefore led to a significant reduction in HDV infections in 
developed countries[145]. The impressive ongoing global efforts to eliminate chronic viral 
hepatitis—including HBV—should also significantly reduce the burden of HDV.

The only currently available treatment for HDV is interferon, which may exert its effect on HDV 
either via direct inhibition of HDV or inhibition of HBV[146]. Despite initial control of HDV viral load 
and improved histology during the treatment phases, multiple trials have shown exceptionally high 
rates of HDV relapse after completing interferon therapy[147]. The largest of these studies randomly 
assigned 42 patients with chronic HDV to receive either placebo or 3 million or 9 million units of 
interferon-alpha-2a[147]. This study demonstrated a dose-dependent response with regards to ALT 
levels, HDV RNA levels, and histology scores[147]. While the decreases in ALT levels were maintained 
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for 4 years of follow up, even patients treated with high dose interferon demonstrated relapses in HDV 
replication during post-treatment follow up[147]. Nevertheless, when these patients were followed for 
an additional 2-14 years, this group discovered that patients who received high dose interferon therapy 
had a dramatic long-term survival benefit[148]. Further, non-randomized, studies assessed the response 
of chronic HDV to peginterferon-alpha-2b[149,150]. These studies demonstrated variable responses to 
peginterferon-alpha-2b with a 57% sustained response in one study and only 17% sustained response in 
the other study with sustained response defined as undetectable HDV-RNA 6-mo post-treatment[149,
150]. Those most likely to have a sustained response are likely to also have early reductions in HDV-
RNA levels[149,150]. Conversely, no patients with cirrhosis demonstrated a sustained response[149].

Given the dependence of HDV on HBV, it is logical that therapies directed against HBV may also 
treat HDV. However, HDV replication is independent of HBV replication and only requires HBsAg. 
Therefore, any therapeutic benefit of HBV therapy on HDV infection is an indirect result of decreasing 
HBsAg production, which is not significantly reduced by nucleos(t)ide analogs. Unfortunately, trials of 
nucleos(t)ide analogs have not proven any sustained benefit in chronic hepatitis D despite excellent 
suppression of HBV DNA[151]. While there have been reports of Tenofovir resulting in HDV virus 
suppression in patients with either HBV-HDV co-infection or triple infection with HIV, HBV, and HDV
[152,153], but it is questioned whether this results in a sustained benefit if tenofovir is withdrawn. 
Moreover, when combined with peginterferon alpha-2a in a placebo-controlled randomized control 
trial, tenofovir had no additional benefit with respect to HDV RNA level[154]. Similarly, the nucleoside 
analog adefovir also had no benefit on HDV levels when used alone and had no added benefit to 
interferon therapy[155]. Taken together, these data highlight the need for more directed HDV therapies. 
Directed treatments against HDV are currently under investigation and included inhibitors of cell entry, 
prenylation inhibitors, and subviral particle release inhibitors[132,146]. However, none of these are 
currently approved for use outside of clinical trials.

HEPATITIS E
Hepatitis E infection is caused by the Hepatitis E virus (HEV), a single stranded, quasi-enveloped RNA 
molecule in the Hepeviridae family[156]. There are 8 known genotypes, with genotypes 1-4 being the 
most studied[157]. Transmission occurs either via fecal-oral route (genotypes 1 and 2) or zoonotic 
transmission with ingestion of raw or undercooked meat (genotypes 3 and 4). HEV typically causes an 
acute, self-limited hepatitis that is particularly severe in pregnant women; however, cases of chronic 
hepatitis E have been reported in immunocompromised hosts. Prevention is centered around improving 
hygiene and vaccination, although a vaccine is available for use only in China[158]. Currently, treatment 
of acute HEV is supportive, and chronic HEV is treated with a multipronged approach with decreasing 
the underlying immunosuppression and occasionally ribavirin.

Epidemiology
There are two distinct, genotype-dependent epidemiologic patterns of Hepatitis E. Hepatitis E virus 
genotypes 1 and 2 are only known to infect humans and are highly endemic in developing countries 
throughout the world[157]. In these regions, HEV genotypes 1 and 2 result in large outbreaks in areas of 
poor sanitation, primarily in developing countries and related to drinking water contaminated with 
feces[159]. This was demonstrated by a naïve volunteer who developed a hepatitis-like illness after 
ingesting pooled feces extracts from patients with non-A, non-B hepatitis, which led to the discovery of 
hepatitis E[160]. Genotypes 1 and 2 are estimated to cause at least 20 million acute infections that result 
in approximately 3.4 million symptomatic cases, 70000 deaths, and 3000 stillbirths each year[161].

In addition to humans, HEV genotypes 3 and 4 are known to infect multiple species including swine, 
deer, and rabbits and are more commonly reported in the developed world (Europe, North America, 
Australia, and Japan)[156]. HEV genotypes 3 and 4 account for very few (less than 1%) of the cases of 
viral hepatitis in the developed world, and transmission is thought to be from consumption of 
undercooked meat, primarily pork. This is evidenced by the exceptionally high rate of HEV infection in 
both wild and domesticated pigs in multiple European countries[162,163]. A study of the Swedish swine 
population also sequenced partial genomes of HEV strains from humans, pigs, and wild boars and 
found a high degree of relatedness, suggesting zoonotic transmission[163]. The ability of swine HEV 
genotype 3 to cross species was confirmed with inoculation of rhesus monkeys and chimpanzees[164]; 
however, pigs have varying degrees of susceptibility to experimental infection with HEV from humans
[165,166]. Nevertheless, HEV has been detected in multiple stages of consumer pork product processing 
across Europe[167-169], but HEV is inactivated by adequate food preparation, as pigs cannot be 
inoculated with HEV-infected pureed pig livers subjected to heating to 71 °C for 20 min or longer[170].

While very few cases of HEV are reported in the developed world each year, this likely owes to 
undertesting and the self-limited nature of the disease. Screening blood donations in Western Europe 
has shown HEV RNA in 0.02%-0.14% of all screened blood products. In England, one study that 
screened 225000 blood donations found that 79 donors (0.04%) were infected with HEV RNA[171]. 
These infected donors generated in 129 blood components and resulted in an estimated 42% infectivity 
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Table 1 Overview of epidemiology, symptoms, natural history and clinical management of viral hepatitis infections

Virus

Estimated 
number of 
infections 
worldwide

Mode of 
transmission

Typical clinical 
signs/symptoms Natural history Diagnosis Treatment Prevention

Hepatitis 
A

1.4 million 
annually

Fecal-oral route Many 
asymptomatic. Most 
with non-specific 
symptoms of 
fatigue, nausea, 
vomiting, anorexia, 
jaundice

Asymptomatic, self-
limited illness, prolonged 
cholestasis, relapsing, 
fulminant hepatitis (very 
rare)

Hepatitis A 
IgM

Supportive care, post-
exposure vaccination 
and HAV immuno-
globulin

Sanitation 
efforts, 
vaccination

Hepatitis 
B

257million 
chronic HBV 
infections 
(WHO 2017 
Global 
Hepatitis 
Report)

Vertical 
transmission 
(common for 
chonic HBV); 
IVDU, blood 
product 
transfusions, sexual 
contact (common 
for acute HBV)

Acute: non-specific 
symptoms (fatigue, 
nausea, vomiting, 
anorexia, jaundice); 
chronic: often 
asymptomatic, can 
progress to cirrhosis 
and HCC

Infection at birth: chronic 
HBV infection (immune 
tolerance, immune 
clearance, inactive 
carrier, reactivation). 
Eventual progression to 
cirrhosis and HCC; 
infection in adulthood: > 
95% clearance

Past 
infection-
HBsAg 
negative, 
HBsAb 
positive, 
HBcAb 
positive, 
HBeAb +/-; 
current 
infection-
HBsAg 
positive, 
HBsAb 
negative, 
HBcAb 
positive, 
HBeAb +/-

Nucleot(s)ide reverse 
transcriptase 
inhibitors (entecavir, 
tenofovir); interferon

HBV vaccine 
(universal 
vaccination 
recommended 
at birth); HBIG 
in select cases

Hepatitis 
C

71 million 
(WHO 2017 
Global 
Hepatitis 
Report)

Direct blood stream 
inoculation (IVDU, 
unregulated 
tattoos/piercings, 
blood transfusion 
and organ 
transplants)

Typically 
asymptomatic until 
cirrhosis develops

Spontaneous clearance: 
10%-25%; chronic 
Infection: 75%-90%, can 
progress to cirrhosis and 
HCC 

HCV 
antibody, 
HCV RNA 
viral load

Direct acting 
antivirals

Widespread 
screening 
efforts

Hepatitis 
D

12 million 
cases 
annually, 
4.5% of 
HBV-
infected 
individuals

Similar to Hepatitis 
B (IVDU, blood 
product 
transfusions, sexual 
contact)

Non-specific 
symptoms of 
fatigue, nausea, 
vomiting, anorexia, 
jaundice

Simultaneous coinfection 
of HDV and HBV: rare 
fulminant hepatitis, 
usually complete 
recovery; superinfection 
on chronic HBV: 
accellerated progression 
of chronic HBV

HDV IgM 
(acute), HDV 
IgG (chronic)

Hepatitis B treatment Hepatitis B 
vaccination

Hepatitis 
E

20 million 
acute 
infections 
(The Global 
Burden of 
Hepatitis E 
Virus 
Genotypes 1 
and 2 in 
2005)

Genotypes 1 and 2: 
Fecal-oral route; 
genotypes 3 and 4: 
Zoonotic, contam-
inated meat

Commonly 
asymptomatic; 
prodromal flu-like 
symptoms, nausea, 
vomiting, anorexia, 
fatigue followed by 
jaundice

Acute self-limited in 
majority of cases, severe 
in pregnant women; 
chronic hepatitis in 
immunocompromised 
hosts

HEV IgM 
(acute), HEV 
IgG (chronic)

Chronic infection: 
decrease immunosup-
pression, ribavirin

Genotypes 1 
and 2: 
Sanitation 
efforts, vaccine 
available in 
China

Hepatitis 
G

4.8% 
worldwide 

Direct blood stream 
inoculation (IVDU, 
unregulated 
tattoos/piercings, 
blood transfusion 
and organ 
transplants)

Not well-described, 
likely asymptomatic

Not well-described. 
Unlikely to cause 
clinically significant 
hepatitis in humans.

Hepatitis G 
RNA; not 
currently 
used 
clinically

None None

HAV: Hepatitis A virus; HBV: Hepatitis B virus; HCV: Hepatitis C virus; HDV: Hepatitis D virus; HEV: Hepatitis E virus; HGV: Hepatitis G virus; WHO: 
World Health Organization; IVDU: Intravenous drug use; HCC: Hepatocellular carcinoma; HBIG Hepatitis B immunoglobulin; HBsAb: Hepatitis B surface 
antibody; HBsAg: Hepatitis B surface antigen; IgG: Immunoglobulin G; IgM: Immunoglobulin M.

rate (18 of 43 followed up), which has led some to call for universal screening of blood donations for 
HEV[171,172]. Seropositivity in the developed world ranges from 6% in the United States to 39.1% in 
Southern France, although assays for HEV IgG have reportedly wide ranges of sensitivity[156]. A 2017 
systematic review that analyzed the prevalence of HEV in Iran found an overall positivity rate of 9.7% 
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with varying rates between cities (1.1% in Tehran vs 46.1% in Ahvaz)[173]. Finally, a recent systematic 
review and meta-analysis of 56 studies on the seroprevalence of HEV in patients on maintenance 
hemodialysis (HD) found that the pooled seroprevalence of HEV was 11.13% between 2016 and 2020, 
which had increased from 6.6% from 1994 to 2000[174]. Moreover, the length of time on HD was 
associated with higher seroprevalence as those on HD for more than 60 mo had a significantly higher 
chance of being seropositive (27.69% more than 60 mo vs 15.78% less than 60 mo)[174].

Natural History of Infection and Clinical Course
Hepatitis E enters into the hepatocyte in 1 of 2 distinct mechanisms depending on whether the virus is 
enveloped or not, and upon entry, the virus is uncoated, transcribed and translated into 3 different 
proteins that facilitate viral replication, repackaging, sorting and release into both the blood stream and 
bile[156]. Upon HEV release into the bile, the envelope is degraded by bile acids and detergents prior to 
being released into the intestinal lumen and excreted with stool. The unenveloped version of the virus 
released into the feces has a much more efficient mechanism of hepatocyte entry and helps explain the 
most common form of HEV transmission. HEV is not thought to be directly cytotoxic. Instead, HEV 
causes hepatotoxicity via immune mediated mechanisms as patients with acute hepatitis E infection 
show both CD4+ and CD8+ T-cell responses[175].

HEV infection is most commonly asymptomatic as evidenced by the high seroprevalence of anti-HEV 
IgG and lack of recollection of acute symptoms[176]. When symptomatic, HEV has a 2-10 d incubation 
period followed by non-specific prodromal symptoms of fatigue, nausea, vomiting, and anorexia, 
similar to other acute hepatitis infections. Ultimately, HEV causes an acute, self-limited hepatitis charac-
terized by jaundice and marked AST and ALT elevations. These symptoms typically self-resolve within 
1 mo, although some cases of prolonged cholestasis (up to 6 mo) and even cases of fulminant hepatic 
failure with resultant death have been reported[177].

Pregnant women are particularly prone to severe hepatitis E infections that can result in fulminant 
hepatic failure in approximately 20% of infected patients with an associated high mortality rate and 
high rate of fetus and neonatal complications, including spontaneous abortions, stillbirths, and neonatal 
deaths. Infections within the third trimester are the most problematic and are thought to be so 
detrimental because of an altered immune system and hormonal changes[178].

All reported cases of chronic hepatitis E infection have been linked to genotype 3 and have been 
reported in immunocompromised patients including those with HIV[179], undergoing chemotherapy
[180], or solid organ transplant recipients[181]. This has been linked to the development of cirrhosis and 
HCC. However, the limited number of cases reported precludes detailed assessment of risk of these 
complications of chronic HEV infection.

Prevention, Diagnosis, and Treatment
Given that the primary mode of transmission for the most common HEV variants (genotypes 1 and 2) is 
through contaminated water, the main mode of prevention is through increased sanitation efforts to 
provide citizens of the developing world with clean drinking water. A vaccine to protect against HEV is 
now approved for human use in China but not elsewhere; however, this is likely to benefit those 
infected in the rest of the world[158]. Efforts to bring clean drinking water to all parts of the world 
should reduce the burden of HEV, and we are hopeful that the vaccine for HEV may be approved 
outside of China for further HEV prevention.

There is currently no direct acting antiviral to treat HEV. In immunocompromised patients, the 
mainstay of treatment is to reduce immunosuppression if possible[181,182]. This results in a sustained 
viral response (i.e., no detectable HEV RNA) in approximately 30% of patients. In patients where 
decreasing immunosuppression is either not possible or does not result in SVR, ribavirin is currently the 
main therapeutic option[183]. Unfortunately, ribavirin is a category X drug, meaning that is should not 
be given to pregnant women. Some cases of ribavirin exposure do occur during pregnancy, which is the 
subject of study in the ribavirin pregnancy registry[184]. Interim analysis has failed to show a direct link 
between ribavirin and teratogenicity, but full results of the study are forthcoming and for the moment, 
ribavirin remains a category X drug[184]. Additional therapies, including pegylated interferon and 
sofosbuvir have been evaluated only in limited clinical settings[185,186].

HEPATITIS G
What is now regarded as the hepatitis G virus (HGV) was initially described in 1966 and named the GB 
virus (GBV) after the surgeon G. Barker, who fell ill with hepatitis. Subsequent studies isolated 
genetically similar agents, named GBV-A, GBV-B, and GBV-C, and GBV-C was genetically similar to a 
separate isolate already named HGV[187].

Hepatitis G virus is a less well-described entity with a global distribution but varying reports of HGV 
prevalence in the general population. A systematic review evaluated studies reporting the prevalence of 
HGV in healthy voluntary blood donors and found 649 infections in 13610 voluntary blood donors 
(4.8% positivity rate) [188]. The studies included in the review reported HGV positivity rates ranging 
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from 0.5% prevalence in a Japanese study to 18.9% in a South African study[188]. Currently, HGV is not 
widely tested for clinically, so the true incidence is not well-known.

The natural history of HGV is not well-characterized, and it is questioned whether HGV causes a 
clinically significant liver disease. While HGV has been detected in many different clinical scenarios, 
including acute presumed viral hepatitis, cirrhosis of unknown cause, and HCC, the clinical relevance is 
still questioned given the high co-infection rate with other causes of viral hepatitis, including HCV and 
that HGV co-infection does not exacerbate the course of HCV[189]. Moreover, greater than 75% of 
patients who are positive for HGV have normal liver function tests[190]. This group also reported that 
among HGV-positive individuals with elevated liver function tests, aminotransferase elevations are 
negligible and that there is no correlation between HGV viral load and aminotransferase elevations in 
patients on chronic dialysis[190]. In another study, 0 of 16 HGV-positive patients on chronic hemo-
dialysis had elevated aminotransferase levels despite prolonged viral persistence[191].

Additionally, individuals who undergo liver transplantation are often incidentally HGV-positive, and 
both HGV-positive and HGV-negative liver recipients have similar outcomes (including 40-mo 
survival), suggesting that HGV positivity does not affect engraftment or graft function[192]. Additional 
studies have suggested that the liver is not the site of viral replication as the liver-to-serum ratio of HGV 
RNA is less than 1, which is consistent with blood contamination of liver tissue[193]. Finally, despite 
initial reports of HGV-associated fulminant liver failure, it is now thought that these patients were 
positive for HGV RNA due to blood product administration during the hospitalization rather than HGV 
being present at the time of admission[194]. Experimental models also argue against HGV causing a 
clinically significant disease as studies in chimpanzees demonstrate that HGV can reach high levels of 
viremia in chimpanzees without causing a concurrent rise in liver enzymes[195]. Taken together, these 
data provide evidence that HGV does not cause clinically significant liver disease. As such, HGV is not a 
common test ordered on the clinical wards.

CONCLUSION
As a group, viral hepatitis represents an ongoing global health concern (Table 1). Acute viral hepatitis 
infections—HAV and HEV—tend to be self-limited infections with little-to-no long-lasting effect, and 
both vaccines and improved sanitation conditions will decrease the burden of disease over time. 
Moreover, ever-improving understanding of the risk factors for acute liver failure from acute hepatitis 
and experimental supportive care options will aid in further reducing the impact of acute viral hepatitis. 
Chronic viral hepatitis infections—HBV and HCV—on the other hand, often result in cirrhosis and 
death if left untreated. While vaccination for HBV is highly effective in reducing transmission, and 
treatments for HBV are effective in reducing HBV viral load and progression of liver disease, an 
effective cure for HBV remains elusive. Conversely, an effective vaccine for HCV has not been achieved, 
but highly effective treatments cure HCV in nearly 100% of cases and are now revolutionizing the fields 
of transplant medicine. Despite unique barriers, there are ongoing global efforts to eliminate chronic 
viral hepatitis, and given substantial progress, we are hopeful that this ambitious goal will be realized.
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Abstract
Primary biliary cholangitis and primary sclerosing cholangitis (PSC) are the most 
common cholestatic liver diseases (CLD) in adults and are both characterized by 
an immune pathogenesis. While primary biliary cholangitis is a model autoim-
mune disease, with over 90% of patients presenting very specific autoantibodies 
against mitochondrial antigens, PSC is considered an immune mediated disease. 
Osteoporosis is the most common bone disease in CLD, resulting in frequent 
fractures and leading to significant morbidity. Further, sarcopenia is emerging as 
a frequent complication of chronic liver diseases with a significant prognostic 
impact and severe implications on the quality of life of patients. The mechanisms 
underlying osteoporosis and sarcopenia in CLD are still largely unknown and the 
association between these clinical conditions remains to be dissected. Although 
timely diagnosis, prevention, and management of osteosarcopenia are crucial to 
limit the consequences, there are no specific guidelines for management of 
osteoporosis and sarcopenia in patients with CLD. International guidelines 
recommend screening for bone disease at the time of diagnosis of CLD. However, 
the optimal monitoring strategies and treatments have not been defined yet and 
vary among centers. We herein aim to comprehensively outline the pathogenic 
mechanisms and clinical implications of osteosarcopenia in CLD, and to 
summarize expert recommendations for appropriate diagnostic and therapeutic 
approaches.

Key Words: Cholestatic liver diseases; Primary biliary cholangitis; Primary sclerosing 

https://www.f6publishing.com
https://dx.doi.org/10.3748/wjg.v28.i14.1430
mailto:ana.lleo@humanitas.it


Pugliese N et al. Osteosarcopenia in autoimmune CLD

WJG https://www.wjgnet.com 1431 April 14, 2022 Volume 28 Issue 14

cholangitis; Osteoporosis; Sarcopenia

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Cholestatic liver diseases (CLD) in adults are characterized by an immune pathogenesis. 
Osteoporosis is the most common bone disease in CLD, resulting in frequent fractures and leading to 
significant morbidity. Sarcopenia is emerging as a frequent complication with a significant prognostic 
impact and severe implications on the quality of life of patients. The lack of useful preventive measures 
and efficacious treatment strategies remains one of the largest challenges in the management of patients 
with CLD.

Citation: Pugliese N, Arcari I, Aghemo A, Lania AG, Lleo A, Mazziotti G. Osteosarcopenia in autoimmune 
cholestatic liver diseases: Causes, management, and challenges. World J Gastroenterol 2022; 28(14): 1430-1443
URL: https://www.wjgnet.com/1007-9327/full/v28/i14/1430.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i14.1430

INTRODUCTION
Cholestatic liver diseases (CLD) are characterized by progressive inflammation, damage, and 
destruction of bile ducts that lead to liver damage and, eventually, liver cirrhosis and systemic 
alterations. Accumulation of bile acids within liver cells cause detergent-induced damage of cellular 
membranes, which ultimately determines the development of apoptosis, inflammation, necrosis, 
fibrosis, and carcinogenesis[1,2]. Primary biliary cholangitis (PBC) and primary sclerosing cholangitis 
(PSC) are the most common CLD in adults. Although PBC is considered a classic autoimmune disease 
with nearly 95% of patients presenting very specific autoantibodies against mitochondrial antigens, PSC 
is recognized as an immune-mediated disease, with immunogenetic features and a strong association 
with inflammatory bowel disease (IBD). Both PBC and PSC are associated with a vast group of 
extrahepatic manifestations, including, but not limited to, fatigue, low bone mass, and other 
autoimmune diseases such as IBD, systemic sclerosis, and Sjogren syndrome[2,3].

Bone disease, including osteopenia and osteoporosis, is a common complication of CLD. Osteoporosis 
is characterized by a decreased bone density that leads to an increased risk of fractures. It increases 
morbidity and mortality in patients, and it is four times more common in patients with PBC compared 
to gender and age-matched controls. Moreover, sarcopenia and skeletal frailty have recently emerged as 
frequent complications of CLD, leading to severe morbidity, worse clinical outcome of disease, and 
lower quality of life of patients. The burden of osteosarcopenia in patients with CLD remains significant 
and therefore prevention is essential. In recent years, there have been advances in elucidating the risk 
factors and pathogenetic mechanisms underlying osteoporosis and sarcopenia in CLD but, unfortu-
nately, validated diagnostic and therapeutic guidelines are not yet available. This review focuses on the 
pathogenic mechanisms and clinical implications of osteosarcopenia in CLD and summarizes expert 
recommendations for appropriate diagnostic and therapeutic approaches.

OSTEOPENIA AND OSTEOPOROSIS
The World Health Organization (WHO) defines osteoporosis as a skeletal disorder characterized by 
compromised bone strength predisposing to an increased risk of fracture. In clinical practice, this 
condition is diagnosed using dual X-ray absorptiometry (DXA) for measurement of bone mineral 
density (BMD) at the lumbar spine, femoral neck, and total hip. In individuals older than 50 years of age 
and post-menopausal women, skeletal demineralization is graded based on comparisons of patient’s 
BMD with the average for young adults, after adjusting for race and gender. A T-score less than or equal 
to −2.5 standard deviations (SD) at the hip or spine is defined as osteoporosis, whereas osteopenia is 
defined as a T-score between −1 and −2.5 SD. These densitometric definitions cannot be applicable for 
younger subjects in whom the Z-score (i.e., the number of SD from age-matched controls) of 2.0 or lower 
is used to define a BMD “below the expected range for age”[4]. Although low BMD is consistently 
correlated with an increased fracture risk in the general population, fragility fractures may develop even 
in the context of normal BMD especially in subjects with secondary osteoporosis, in whom bone quality 
is affected more than bone quantity[5]. In these cases, evaluation of trabecular and cortical bone 
microstructure by high-resolution peripheral computed tomography can provide more reliable 
information on risk of fractures[6]. In the United States and Europe, the estimated number of 
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osteoporosis-related hip fractures is about 0.3 and 1.7 million per year, respectively. More relevant is the 
impact of vertebral fractures (VFs) that have been consistently reported as an earlier and frequent 
complication of osteoporosis in the general population potentially associated with decreased survival 
and impaired quality of life[7-9].

Osteomalacia, defined by a reduction in bone mineralization with a preserved bone mass, was once 
thought to play a primary role in increasing fracture risk in patients with CLD[10], but more recent 
studies have proven that it is rarely associated with liver diseases, as it has been only reported in 
patients with advanced PBC and severe intestinal malabsorption associated with limited exposure to 
sunlight[11]. However, skeletal fragility can be associated with a worse outcome in patients with liver 
disease, as it entails an increased risk of fractures and consequently an overall increased disability 
prevalence and reduced quality of life[12].

Although osteoporosis is associated with liver diseases including cirrhosis, it is most prevalent in 
cholestatic disorders[13]. Most of the studies that try to understand the relationship between the bone 
and liver have focused on PBC, though the pathophysiological mechanisms likely overlap in the case of 
end-stage liver disease from other etiologies. These mechanisms are numerous and not fully elucidated 
(Figure 1). The predominant process determining the reduction in bone mass appears to be a reduction 
in bone formation[11,13], although it seems that in some cases an increase in bone resorption is also 
involved, such as in post-menopausal women and patients with hypogonadism[14-16]. Bone formation, 
mediated by osteoblasts, and bone resorption, dependent on osteoclasts, are the two opposite processes 
that influence bone mass: When resorption exceeds formation, bone mass inevitably decreases and this 
negative balance leads to bone loss and osteoporosis. Osteoblast dysfunction may be directly linked to 
elevated serum levels of bile acids and bilirubin[17]. Some in vitro studies showed that lithocholic acid 
(LCA), a monohydroxylated secondary bile acid, can negatively influence osteoblasts' activity, both 
directly and indirectly through the ligation to vitamin D receptor (VDR) and the successive modification 
of expression of VDR-mediated genes, such as receptor activator for nuclear factor kappa B (NF-kB) 
ligand (RANKL) and bone gamma-carboxyglutamate protein, which serve as a regulator of osteoclast 
and osteoblast maturation, respectively[18]. Curiously, it appears that albumin, when added to cultures 
of osteoblasts exposed to LCA, can reduce the toxic effects of the molecule on the osteoblasts. It could be 
hypothesized that the amount of circulating albumin is one of the critical factors linked to the harmful 
effects on bone of circulating bile acids[11], but data regarding this association are still lacking. 
Osteoblast dysfunction can also depend on the reduced circulating levels of osteoblast stimulating 
factors such as insulin-like growth factor 1 (IGF1) secondary to the lack of hepatic synthesis seen in 
advanced chronic liver disease (ACLD) and reduced absorption[19,20], respectively. IGF1 acts directly 
on bone to promote longitudinal growth during the development phase and maintain adequate levels of 
bone mass once peak bone mass is reached[21]. Liver diseases impair the somatotropic axis and 
associate with liver growth hormone (GH) resistance; the consequent reductions in serum IGF1 can 
contribute to impair osteoblast function and cause skeletal fragility in individuals with CLD[21,22]. In 
this context, the role of paracrine and autocrine actions of locally produced IGF1 in the skeleton under 
control of parathyroid hormone (PTH) is unknown and in need of future studies[21].

In patients with PBC, low liver tissue and serum levels of RANKL and high levels of osteoprotegerin 
(OPG) have been previously reported[23-25]. This is at first glance unexpected, since OPG has a bone 
preserving function while RANKL activates osteoclastogenesis and tends to increase bone loss. 
However, RANKL can be interpreted both as a marker of bone resorption and as a marker of osteoblasts 
activity: Low RANKL would therefore indicate low osteoblast activity and a reduced bone turnover, 
which inevitably leads to increased bone fragility and risk of fractures[26]. High OPG levels on the other 
hand could indicate the homeostatic response attempting to prevent bone loss. Finally, the importance 
of osteoblast dysfunction has been proved by a series of studies that evaluated bone histomorphometry 
in patients with advanced CLD undergoing orthotopic liver transplant (OLT). In these studies, 
osteoblast numbers and bone formation rates appear to be decreased when compared to controls[27,28]. 
This data correlates with the low levels of osteocalcin, a non-collagenous marker of bone formation, seen 
in patients with cholestasis[29]: Two different studies observed that osteocalcin levels were decreased in 
up to 74% of PBC patients[30,31]. However, a previous study has revealed that increased bone 
resorption and turnover showed by bone histomorphometry are early characteristics of PBC-related 
bone disease[32]. More studies are needed to evaluate the variation of bone formation and bone 
resorption markers and to link them to cholestasis. An exemplary study on PBC patients showed no 
significant decrease in the levels of bone-specific alkaline phosphatase, a bone formation marker, but up 
to 95% of patients showed above-normal values; also, no significant variation was observed in the urine 
levels of type I collagen-cross-linked N-telopeptide, a marker of bone resorption[33]. Although it seems 
reasonable to think that a defect in the secretion of bile acids leads to reduced intestinal absorption of 
vitamin D, thus leading to hypocalcemia and secondary hyperparathyroidism, data in this regard are 
conflicting and not conclusive. Old studies have found decreased calcium absorption and serum 
vitamin D levels in PBC patients[34], but others have found normal vitamin D, calcium, and PTH levels 
even among osteoporotic patients with PBC[27,35]. It also appears that vitamin D supplementation in 
patients with cholestasis and malabsorption is unable to significantly improve BMD[36,37], although 
some old studies proved otherwise[34].
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Figure 1 Possible pathophysiological mechanisms of development of osteoporosis in cholestatic diseases. The figure describes the role of 
multiple factors linked to cholestatic diseases in the development of osteoporosis. Emphasis is placed on the difference between factors that cause osteoblasts 
dysfunction and factors that cause increased osteoclasts activity. OPG: Osteoprotegerin; RANK: Receptor activator for nuclear factor kappa B; RANKL: Receptor 
activator for nuclear factor kappa B ligand; IGF-1: Insulin-like growth factor 1; CFU-GM: Granulocyte-macrophage-colony forming unit; MMPs: Matrix 
Metalloproteinases.

Since the main risk factors for the development of osteoporosis in OLT patients are pre-transplant 
bone mass state and pre-transplant fragility fractures, it is not surprising that cirrhotic patients who 
undergo liver transplant for PBC and PSC are at an extremely high risk of developing osteoporosis and 
suffering pathological fractures. Osteoporosis is a primary co-morbidity in post-transplant patients and 
is becoming more and more relevant, as their longtime survival has significantly increased in the last 
few years. In these patients, there is a rapid bone loss within the first 3 to 6 mo after transplantation and 
a frequency of fragility fractures of about 21%, most of which happen in the first period after transplant
[38]. A study reported that the severity of bone loss was more frequently seen in patients of younger age 
with PSC, higher pretransplant BMD, no IBD, shorter duration of disease, current smoking, and ongoing 
cholestasis at 4 mo since OLT[39]. An important contributing cause of rapid bone loss in the immediate 
postoperative period of these patients is probably the use of high doses of corticosteroids and other 
immunosuppressive agents, such as tacrolimus and cyclospirn A, as well as immobilization during 
hospitalization after OLT[40]. After the first 3 to 6 postoperative months, bone gain occurs during the 
first 2 years with favoring factors for improvement of lower baseline and/or 4-mo BMD, premenopausal 
status for females, lesser glucocorticoids, no ongoing cholestasis, and higher levels of vitamin D and 
parathyroid function[39].

SARCOPENIA
Sarcopenia, a progressive and generalized loss of skeletal muscle mass, strength, and function, is the 
other side of the coin of the metabolic abnormality in patients with liver disease[41]. It can be assessed 
in numerous ways, such as by bioelectrical impedance analysis or DXA, but the recommended method 
is by measuring anthropometric parameters, such as skeletal muscle area (SMA) and the Skeletal Muscle 
Index (SMI), by computed tomography and magnetic resonance imaging[42,43]. SMI is the metric 
recommended by the International Consensus panel on cachexia. It is the result of SMA (cm²) depicted 
on a single image slice [usually at the level of the third lumbar vertebra (L3)], adjusted by the height of 
the patient (m²) (this is often referred to as L3SMI method). This measurement can be easily compared 
to specific cut-off values based on healthy European young adults[44]. Importantly, sarcopenia is 
significantly associated with mortality and reduced quality of life in patients with liver cirrhosis[45,46].

Although recent data demonstrate that sarcopenia can be identified in up to 70% of cirrhotic patients
[47], no data are available on the prevalence of sarcopenia in non-advanced cholestatic diseases. An 
outstanding study has recently been published analyzing the relationship between PBC, bone diseases, 
and sarcopenia[48]. Saeki et al[48] demonstrated that the association between osteoporosis and 
sarcopenia was stronger than the association among osteoporosis, female gender, and menopause in 
PBC patients, and vice versa osteoporosis and VFs were important risk factors for sarcopenia, 
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independently of sex and menopause[48]. The increasing evidence of the existing association between 
bone mass and muscle loss, defined all together as osteosarcopenia, is of incredible relevance in liver 
diseases, given that it impacts the prognosis and health-related quality of life. The association of the two 
conditions is particularly hazardous, since it causes both ease of falling (due to sarcopenia) and bone 
vulnerability (due to osteoporosis)[49]. More data are, however, needed to fully comprehend the real 
impact of sarcopenia on non-advanced CLD. At the moment, the only considerations that can be made 
are based on studies on cirrhotic patients, in which, however, it appears that the main mechanism is 
linked to hyperammonemia, a phenomenon not present in the early stages of cholestatic diseases[50]. 
The role of cholestasis in sarcopenia in cirrhotic patients is only hinted at and remains anecdotal. Protein 
synthesis, protein breakdown, and muscle regenerative capacity mediated by satellite cells are the main 
processes that influence skeletal muscle mass: When their balance is disrupted, there is a loss in lean 
mass leading to sarcopenia. Skeletal muscle expression and serum levels of myostatin, a member of the 
TGFβ superfamily, are increased in patients with ACLD[51,52] and this hormone increases autophagy 
and proteolysis and prevents protein synthesis by inhibiting the mTORC1 pathway. Serum ammonia 
has been recognized as a stimulus in the synthesis of myostatin, by acting via a NF-kB mediated 
mechanism[53-55]. Hyperammonemia also impairs the formation of α-ketoglutarate (αKG), a molecule 
involved in the cycle of tricarboxylic acids (TCA)[53]. This results in several potential consequences 
including lower flux of the TCA cycle, impaired mitochondrial function, and decreased ATP synthesis. 
Since protein synthesis is an energy intense process, low ATP concentrations may also cause reduced 
protein synthesis. Similarly to hyperammonemia, hypoglycemia and low glucose levels in skeletal 
muscle cells  are linked to the lack of glycogenolysis secondary to the reduction of hepatic glycogen 
stores, and can lead to the consumption of muscle amino acids for the production of energy[56]. 
Although hyperammonemia does not manifest itself in non-advanced CLD, the mechanisms leading to 
sarcopenia may be in some way analogous. Liver damage caused by the underlying pathology, 
malabsorption, and increased energy demands may lead to an energy deficit that would push the 
skeletal muscles to use amino acids as an alternative source of energy, in a similar way to how it occurs 
in case of hypoglycemia due to reduced hepatic glycogen reserve[57].

PREVALENCE AND DETERMINANTS OF OSTEOSARCOPENIA IN CLD
PBC
PBC is a chronic inflammatory autoimmune cholestatic liver disease which, if left untreated, could 
culminate in end-stage biliary cirrhosis[58]. It is the most studied condition as regards metabolic bone 
disease, both for the high prevalence of osteoporosis in PBC patients and for the possibility of directly 
studying the pathophysiological mechanisms underlying the interaction between cholestasis and 
reduction in bone mass.

Osteoporosis is a common complication of PBC, with the most recent studies reporting a prevalence 
ranging from 20% to 45%, four-fold higher than that in the general population[59,60], with the highest 
prevalence in patients with cirrhosis on the liver transplant list[39]. Accordingly, the incidence and 
prevalence of fractures are also increased in PBC patients, ranging from 0% to 14% over a 2-year period 
and from 9% to 22%, respectively[61]. In a prospective study, Guañabens et al[62] observed a prevalence 
of vertebral, non-vertebral, and overall fractures of 11.2%, 12.2%, and 20.8%, respectively (Table 1). In 
that study, more than 20% of fractures occurred without a densitometric diagnosis of osteoporosis 
consistent with the pathophysiological concept that alteration of osteoblastogenesis and bone formation 
in CLD may induce impairment of bone quality more than bone quantity as in other forms of secondary 
osteoporosis. In addition to the common risk factors associated with skeletal fragility, such as age and 
post-menopausal state, additional independent risk factors have been identified in patients with PBC. 
The most prominent risk factor for developing osteoporosis is the stage of the disease. A study based on 
histologic staging observed that patients with more advanced histologic stages (such as stage 3 or 4) had 
more than a 5-fold increased risk of developing osteoporosis than patients with an earlier stage of the 
disease and the rate of bone loss over time was significantly greater in the former as compared with the 
latter[63]. A more recent study observed that liver stiffness measured by FibroScan was directly related 
with the reduction of both cortical and trabecular bone parameters in the tibia and distal radius[64]. The 
stage of disease appears to have an effect far stronger than the post-menopausal state in PBC patients
[65]. Other less important risk factors that seem to have been identified include female gender, the 
necessity of transplant and, to some extent, genetic predisposition[58,66]. Indeed, some studies 
identified some gene loci that positively correlate with osteoporosis[67-69]. Although vitamin D does 
not seem to play an important role in determining skeletal fragility in CLD, polymorphisms of VDR 
have been associated with osteoporosis in individuals with PBC. One study in women affected by PBC 
concluded that VDR genotype is an independent genetic predictor of osteoporosis[67]. In addition, a 
polymorphism of the gene encoding collagen type I alpha1 (COLIA1), Sp1, is associated with reduced 
baseline BMD in patients with PBC[69]. Lastly, some polymorphisms of a tight junction membrane gene, 
the claudin-14 (CLDN-14), suspected to be involved in the pathogenesis of CLD, has been proved to be 
associated with low BMD in PBC patients[70].
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Table 1 Prevalence of osteoporosis and fractures according to the severity and stage of primary biliary cholangitis

Ref. N of 
patients

Age (yr) 
mean

Female 
(%) Diagnosis Osteoporosis 

(%)
Vertebral 
fractures (%)

Peripheral 
fractures (%)

Overall 
fractures (%)

Cirrhosis 
(%)

Guañabens et al
[114]

38 51 100 DPA 45 13 NR 13 94

Parés et al[68] 61 54 100 DXA 21 10 10 13 26

Guañabens et al
[65]

142 54 100 DXA 31 14 11 14 26

Guichelaar et al
[39]

156 53 86 DXA 44 22 NR 22 100

Guañabens et al
[62]

185 56 100 DXA 32 11 12 21 23

Solaymani-
Dodaran et al
[115]

930 NR 88 NR NR NR 7.4 14.7 31

NR: Not reported; DXA: Dual-energy X-ray absorptiometry; DPA: Dual-photon absorptiometry.

Another important independent risk factor is low body mass index (BMI). Beyond the direct 
association of reduced muscle mass and low bone mass, it seems that in PBC patients, preponderant 
hormonal mechanisms associated with BMI come into play: Leptin, an adipocyte derived hormone, 
seems to indirectly regulate bone metabolism since it increases osteoblast proliferation and bone matrix 
synthesis, resulting in increased bone formation, and inhibits RANKL production, decreasing bone 
resorption. Szalay et al[71] observed decreased leptin levels in PBC patients and also demonstrated a 
positive correlation between leptin, BMI, and BMD[71].

Although sarcopenia is a fascinating new topic in hepatology and has been recently studied in ACLD 
patients, very few data are available on its relationship with PBC in non-cirrhotic patients. The only 
article available in the literature at the time of writing this review has been previously cited and dates 
back to May 2020[48]. Saeki et al[48] reported the prevalence of sarcopenia, diagnosed according to the 
Japan Society of Hepatology guidelines[48,72], between PBC patients: 23.1% for all patients and 25% for 
female patients, greater than in other non-cirrhotic liver conditions, where the prevalence was reported 
to be approximately 15%[73,74]. These findings suggest that patients with PBC are more susceptible to 
sarcopenia, compared to those with other chronic liver diseases. This study also proved that sarcopenia 
is strongly correlated with osteoporosis and increased fracture risk (especially VFs) and vice versa, 
proving that osteosarcopenia as a unified clinical entity is an important complication of PBC, occurring 
in up to 15.4% of patients, requiring careful monitoring in all patients, especially post-menopausal 
women, who represent the majority of PBC patients. The clinical relevance of osteosarcopenia has been 
proven in studies focused on geriatric patients, in which the osteosarcopenic group had greater 
impairment of physical performance and balance than the non-osteosarcopenic and sarcopenia/ 
osteoporosis alone groups. Consequently, osteosarcopenia conferred an increased rate of falls and 
fractures and a consequent higher mortality rate[75-77]. Despite the clinical relevance, recommendations 
on follow-up and treatment cannot yet be made, as these aspects are still in the early stages of definition
[78].

PSC
PSC is a chronic, cholestatic liver disease characterized by immune-mediated inflammation and fibrosis 
of both intrahepatic and extrahepatic bile ducts, leading to the formation of multifocal bile duct 
strictures and to the development of biliary cirrhosis[79]. Although it is a clinical entity of considerable 
interest, both for its hepatological implications and for the set of clinical conditions with which it is 
associated, there are still very few studies that focus on the link between PSC and bone disease, and 
almost none that investigate a possible relationship of PSC with sarcopenia.

As with other chronic liver diseases, the prevalence of osteoporosis in PSC is higher than that of the 
general population, accounting for 15%–30% of patients with PSC[80,81]. General risk factors include 
female gender, age, and low BMI. Studies are still needed to evaluate if duration of the disease is a risk 
factor and, curiously, osteoporosis does not appear to be related to the severity of the underlying PSC
[27]. Although previous studies reported a possible association between osteoporosis and the stage of 
disease[82,83], more recent studies observed otherwise and failed to prove a significance correlation 
between osteoporosis and the severity of liver disease. It is possible that this difference is based on 
population cohorts analyzed, since in previous studies the patients were less heterogeneous and 
predominantly post-menopausal women[84]. Moreover, the close association between PSC and IBD
[85], the consequent malabsorption, and the possible use of steroid therapy at high doses for long 
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periods of time can certainly influence bone metabolism and represent an important risk factor for the 
development of osteoporosis. In addition, patients with IBD presents themselves with a lower bone 
mass at the diagnosis[86], likely due to the systemic inflammatory state of IBD.

No conclusive data are yet available regarding the possible relationship between PSC and sarcopenia 
but, considering the cholestasis-associated malabsorption, which may be worsened by the eventual 
concomitant IBD related to PSC, and the increased prevalence of sarcopenia in patients with other liver 
diseases including PBC, it is reasonable to assume that these patients also have an increased prevalence 
of sarcopenia compared to the general population that should be investigated at the time of diagnosis 
and during the follow-up. Interestingly, Shteyer et al[87] failed to prove a significant difference between 
pediatric patients with PSC and the control group; also, children and young adults with concomitant 
PSC and IBD appeared to have lesser degree of sarcopenia in comparison to patients with PSC alone
[87]. Although interesting, larger studies are required to confirm these curious findings.

MANAGEMENT OF OSTEOSARCOPENIA IN CLD
Osteoporosis
Management of osteoporosis in cholestatic diseases cannot be evidence-based and no guidelines have 
been developed for diagnosis and treatment of osteoporosis in this specific clinical setting. However, 
based on our personal experience and the few studies so far published on the topic, some recommend-
ations could be provided (Table 2). DXA measurement of BMD should be performed at the initial 
diagnosis of PBC to identify subjects with low BMD at higher risk of fractures.

The optimal timing of monitoring PBC patients is yet to be defined, but in clinical practice bone 
densitometry with DXA should be performed, depending on the presence of risk factors for 
osteoporosis and fractures, in 1 to 3 years if initial results are normal. A more stringent follow-up is 
indicated in the presence of altered BMD or risk factors such as severe cholestasis, menopause before the 
age of 45 years old, family history of osteoporosis or fragility fractures, BMI less than 19 kg/m2, tobacco 
use, heavy alcohol abuse, and glucocorticoid use greater than 3 mo and or > 5 mg daily. In patients who 
are already on osteoporosis treatment, DXA should be performed annually to assess treatment response. 
In addition to imaging, routine monitoring of vitamin D, calcium, phosphorus, and PTH should be 
performed every 1 to 2 years based on the current risk of developing bone disease[58,61].

Over the last decade, several algorithms (e.g., FRAX) have been proposed to improve the value of 
DXA results in predicting fracture risk[88] but their use in secondary osteoporosis in general and in 
CLD in particular has not been validated. Noteworthy, the traditional risk factors of osteoporosis and 
fractures included in the algorithm FRAX seem to have a role also in influencing the occurrence of 
fragility fractures in subjects with CLD.

The new generation DXA machines can also provide information on bone quality. For instance, the 
trabecular bone score (TBS) is a texture parameter obtained directly from DXA images through the 
evaluation of the average pixel gray-scale variation. A low TBS value correlates with a weaker microar-
chitecture with reduced and scarcely interconnected trabeculae, resulting in lower bone strength and 
mechanical resistance[89]. Measuring this parameter, the clinicians may have another reliable 
information on risk of fractures even in individuals with either normal or only slightly decreased BMD
[90].

As in other forms of secondary osteoporosis, the search of VFs is indicated in all subjects at diagnosis 
of CLD since they may occur even in the context of normal BMD. In more than 55% of the cases, VFs 
occur without specific clinical symptoms and the radiological and morphometric approach has emerged 
as the method of choice for evaluating the true prevalence and incidence of these fractures in the clinical 
practice. VFs are identified by marking the vertebral body with six points to describe the vertebral shape 
and heights. According to the quantitative morphometric approach, VFs are defined mild, moderate, 
and severe based on a height ratio decrease of 20%-25%, 25%-40%, and more than 40%, respectively[91]. 
VFs are routinely assessed by examining lateral projection images of conventional spine X-ray 
radiographs, although other approaches using DXA and the low-dose biplane X-ray imaging system 
(EOS imaging, Paris, France) have been proposed as alternative tools to limit radiation exposure in 
clinical practice[92,93]. The current guidelines indicate that finding of non-traumatic VFs, regardless of 
underlying disease and BMD values, is sufficient to establish the diagnosis of osteoporosis and to 
consider pharmacologic treatment as secondary prophylaxis[94].

Bone active agents used to treat osteoporosis are classified as anti-resorptive and anabolic drug[95]. 
Bisphosphonates inhibit bone resorption and are the most prescribed drugs for the treatment of 
osteoporosis. Denosumab is a human monoclonal antibody (IgG2 immunoglobulin isotype) binding 
RANKL with high affinity and specificity and inducing a reversible inhibition of osteoclastogenesis and 
bone resorption. Teriparatide is the 1-34 active fragment of PTH with stimulating effects on osteoblasto-
genesis and bone formation when intermittently administered once daily. Teriparatide is currently the 
only anabolic drug approved for treatment of osteoporosis at high risk of fractures and for glucocor-
ticoid-induced osteoporosis.
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Table 2 General expert recommendations for management of osteosarcopenia in patients with cholestatic liver diseases

Risk for osteoporosis should be considered in all patients with cholestatic liver diseases

T-score > -1.5 - > repeat in 2-3 yr

Osteopenia, T-score ≤ -1.5 but > -2.5, or presence of 
risk factors - > repeat in 1-2 yr

DXA should be considered to assess BMD at presentation and at follow-up where indicated

Osteoporosis, T score ≤ -2.5, or pathological 
fractures with normal BMD - > repeat in one year

VFs should be investigated at presentation with lateral spine X-rays radiograph in all patients with 
cholestatic liver diseases

Alcohol and smoking cessation in addition to increasing aerobic exercise and practicing routine 
weight-bearing exercises are highly recommended in all patients with cholestatic liver diseases

Consider including supplements of 25-(OH)-vitamin D (800 IU daily) and calcium (1000–1500 mg 
daily) in patients with cholestatic liver disease and osteopenia or osteoporosis

Consider utilizing bisphosphonates in patients with osteoporosis and patients with VFs, regardless 
of underlying disease and BMD values

For patients with PBC, denosumab might have a beneficial role both for osteoporosis treatment and 
for PBC but data are scarce, and recommendation cannot be made yet

Consider evaluating sarcopenia by cross-sectional imaging when strong clinical suspicion is present 
in all patients with cholestatic liver diseases

Consider exercise programs and adequate nutritional and caloric intake in all patients with 
sarcopenia and cholestatic liver diseases

DXA: Dual-energy X-ray absorptiometry; BMD: Bone mineral density; VFs: Vertebral fractures; PBC: Primary biliary cholangitis.

Data on the efficacy and safety of bone-active drugs in CLD are scant and their use in this clinical 
setting can be guided by evidence extrapolated from the literature on the treatment of postmenopausal 
osteoporosis[96]. A comprehensive Cochrane systematic review published in 2011 concluded that there 
are no conclusive data showing the benefits of bisphosphonate use on BMD, mortality, or reduced 
fracture risk in this specific clinical context[97]. There is only one randomized clinical trial that compares 
newer generation bisphosphonates (in this case alendronate) to placebo in PBC[98]: It proved that after 1 
year, there was a significant improvement in lumbar spine BMD in patients treated with bisphos-
phonates (10.4% vs –0.12% in patients in the placebo arm, P < 0.005) but failed to prove a significant 
reduction in fractures (0% vs 7.1% in patients in the placebo arm, P = 0.3)[98]. Particular attention must 
be given to patients with ACLD with a high risk of oesophageal varices since esophagitis and 
oesophageal ulcers are side-effects of oral bisphosphonates. In these patients, parenteral bisphos-
phonates can be proposed[99,100].

Preliminary data on denosumab in patients with PBC indicate that lumbar spine T-score significantly 
improved after 1 and 3 years of treatment, along with levels of markers of bone formation, despite that 
the prevalent mechanism determining osteoporosis is osteoblast dysfunction[101,102]. As the studies are 
extremely small, no recommendations can be made yet, but certainly the use of denosumab in these 
patients is promising. Importantly, recent evidence strengthens a critical role of RANK/RANKL 
signaling in autoimmunity besides bone density, with the immune and skeletal systems being closely 
interconnected. It has been demonstrated that cholangiocytes from PBC patients express high levels of 
RANK; most importantly, the immune infiltrates within the portal areas around bile ducts in PBC are 
highly RANKL positive and the hepatic level of RANKL was associated with disease severity[25]. Lleo 
et al[25] hypothesized that damaged cholangiocytes in PBC, which show high levels of RANK, 
determine the recruitment of RANKL positive cells and consequently portal tract infiltrates. Taken all 
together, a number of recent and old evidence point out that denosumab might have a beneficial role in 
PBC therapy, besides osteoporosis, but data are scarce and more studies are needed to make 
recommendation[25].

No data are available on the efficacy and safety of teriparatide and PTH-analogues but, whereas the 
main pathogenetic mechanism that determines the development of osteoporosis in patients with PBC is 
reduced osteoblasts activity, osteoanabolic agents could play a crucial role in the treatment of the 
condition in this setting.

Inactivity, alcohol consumption, tobacco use, and reduced dietary calcium intake can all lead to 
reduced bone density. For this reason, alcohol and smoking cessation in addition to increasing aerobic 
exercise and practicing routine weight-bearing exercises is highly recommended. Dietary supple-
mentation of calcium (1000-1500 mg daily) and vitamin D [800 international units (IU) daily] is also 
recommended in patients who are at particularly high risk of developing osteoporosis, especially in 
patients with ACLD[58,103]. Patients receiving cholestyramine should be monitored closely since its 
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administration may reduce intestinal absorption of vitamin D[104,105]. Although this is standard 
clinical practice, data on the effect of calcium and vitamin D supplementation are controversial: As 
previously stated, some studies prove a significant improvement in BMD[34] while other studies failed 
to do so[36,37].

It is important to assess the presence of osteoporosis by DXA at the moment of diagnosis of PSC, as 
well as considering supplementation with calcium and vitamin D in all patients, though this has no 
clear benefit based on the literature[106,107]. No protocols exist on how to handle the specific follow-up 
and treatment of these patients, so WHO or ISCD guidelines for the management of osteoporosis are 
usually used[4] and the recommended diagnostic-therapeutic approach is the same as in PBC, even if 
the two diseases differ both in pathogenesis and in the phenotype of the population affected.

Sarcopenia
The diagnosis of sarcopenia should be made by cross-sectional imaging when strong clinical suspicion is 
present. Treatment can be derived by studies based on ACLD, but even in this setting clear guidelines 
are not currently available, both because the studies existing so far showed great heterogeneity and 
were based on a small number of patients, thus limiting the possibility of defining specific and reliable 
guidelines for the pathology, and no treatment had proven to be particularly effective[57]. Exercise 
programs finalized on avoiding natural deterioration of muscle mass[108,109] and nutritional supple-
mentation with BCAA[110-112] are no established treatment and the data on these approaches are 
controversial. It should also be noted that physical activity may be difficult as one of the salient clinical 
features of this disease is chronic asthenia and fatigue. Considering the molecular mechanisms that lead 
to sarcopenia, improving protein synthesis and reducing autophagy with molecules like myostatin 
antagonists, direct mTORC1 activators, antioxidants, and mitochondrial protective agents could have 
the potential to benefit skeletal muscle protein turnover but have not been adequately evaluated[113]. 
More studies are needed to define the correct timing of follow-up.

CONCLUSION
Osteosarcopenia is a common complication of CLD that strongly influences quality of life and leads to 
severe morbidity. Indeed, cholestasis is directly associated with both bone and lean mass loss and the 
prevalence of bone damage is demonstrated to be higher in CLD than in the general population. Risk 
factors and etiopathogenesis of osteoporosis in PBC have been widely investigated; however, evaluation 
of the efficacy of osteoporosis drugs and preventive measures remain poorly known and data on PSC 
are scarce. On the other hand, studies on risk factors, etiologic mechanisms, and management of 
sarcopenia in CLD are lacking.

It is widely accepted that preventing the reduction of bone density is important to decrease the risk of 
fractures and improve morbidity and mortality. Further, PSC and PBC mostly affect young patients, and 
therefore prevention and screening are widely recommended. However, the timing is not yet defined, 
and no clinical guidelines are available for management of osteosarcopenia in CLD. Unfortunately, the 
overall quality of evidence is low and data on the treatment of CLD-related osteosarcopenia are 
inadequate.

Table 2 provides a proposed algorithm for the management of osteosarcopenia in CLD. Not pharma-
cological measures, including alcohol and smoking cessation, and aerobic and weight-bearing exercises, 
are highly recommended in all patients. The primary medical intervention for the treatment of 
osteoporosis in CLD is bisphosphonates in association with calcium and vitamin D supplements, 
though a benefit in terms of fracture reduction has never been shown. The use of further therapies for 
osteoporosis in CLD are based on the postmenopausal osteoporosis literature and new studies are 
desperately needed to define the best therapeutic approach to osteosarcopenia in a group of patients 
with high prevalence.
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Abstract
BACKGROUND 
Liver transplantation is a therapy for irreversible liver failure; however, at 
present, donor organs are in short supply. Cell transplantation therapy for liver 
failure is still at the developmental stage and is critically limited by a shortage of 
human primary hepatocytes.

AIM 
To investigate the possibility that hepatic progenitor cells (HPCs) prepared from 
the portal branch-ligated hepatic lobe may be used in regenerative medicine, we 
attempted to enable the implantation of extracellular matrices containing 
organoids consisting of HPC-derived hepatocytes and non-parenchymal cells.

METHODS 
In vitro liver organoid tissue has been generated by accumulating collagen fibrils, 
fibroblasts, and HPCs on a mesh of polylactic acid fabric using a bioreactor; this 
was subsequently implanted into syngeneic wild-type mice.

RESULTS 
The in vitro liver organoid tissues generated transplantable tissues in the 
condensed collagen fibril matrix and were obtained from the mouse through 
partial hepatectomy.
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CONCLUSION 
Liver organoid tissue was produced from expanded HPCs using an originally designed bioreactor 
system. This tissue was comparable to liver lobules, and with fibroblasts embedded in the network 
collagen fibrils of this artificial tissue, it is useful for reconstructing the hepatic interstitial 
structure.

Key Words: Liver; Three-dimensional tissue culture; Hepatic progenitor cells; Angiogenesis; Biomimetic 
extracellular matrix

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Liver transplantation is a therapeutic procedure used to recover liver function in patients with 
irreversible liver failure; however, there is presently a shortage of transplant organs available. Hepatic 
stem and progenitor cells are expected to allow regenerative medicine to produce a cell source as an 
alternative to whole organs. The portal branch-ligated, hepatic lobe-derived HPCs multiplied in a 
bioreactor chamber to form liver organoid tissues comparable to liver lobules. These organoid tissues were 
implanted into syngeneic mice. This portal branch-ligated-derived HPC line has the potential to 
proliferate, mature, and form implantable hepatic tissue.

Citation: Tamai M, Adachi E, Kawase M, Tagawa YI. Syngeneic implantation of mouse hepatic progenitor cell-
derived three-dimensional liver tissue with dense collagen fibrils. World J Gastroenterol 2022; 28(14): 1444-1454
URL: https://www.wjgnet.com/1007-9327/full/v28/i14/1444.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i14.1444

INTRODUCTION
Liver transplantation is a therapy for irreversible liver failure; however, donor organs are currently in 
short supply[1,2]. Cell transplantation therapy for liver failure is still at the developmental stage and has 
a critical problem in terms of a shortage of human primary hepatocytes[3]. Human embryonic 
stem/induced pluripotent stem (ES/iPS) cell-derived hepatocytes are thought to be an alternative to 
human primary hepatocytes, but ES/iPS cells are difficult to differentiate into mature hepatocytes in 
culture[4,5]. ES/iPS cell-derived immature hepatocytes successfully developed into mature liver tissue 
in animals after implantation[6,7]. However, this process requires a great deal of time, effort, and 
expense in order to obtain a sufficient number of ES/iPS cell-derived hepatocytes in culture to achieve 
the amount needed for them to continue to proliferate. There have been several reports of rat HPCs, 
such as small hepatocytes[8] and Lgr5+ rat and mouse liver stem cells[9,10], becoming established in 
culture. These hepatic stem/progenitor cells have the ability to proliferate and differentiate into 
hepatocytes and cholangiocytes[11,12]. Recently, we also succeeded in establishing HPC lines prepared 
from the portal branch-ligated hepatic lobe in mice (PBL-HPCs)[13]. These cells could differentiate into 
mature hepatocytes in the presence of oncostatin M, or to cholangiocytes in EHS gel.

Besides dissociated hepatocyte implantation, regenerative medicine is also expected to enable the 
implantation of extracellular matrices containing aggregate, or organoids consisting of hepatocytes and 
non-parenchymal cells[14-16]. In vitro liver organoid tissue has previously been generated by accumu-
lating collagen fibrils, human fibroblast cell line (HFO cell), and human hepatocarcinoma cell line (Hep 
G2) on a mesh of polylactic acid (PLA) fabric using a bioreactor[14]. Also, instead of HFO and Hep G2, 
mouse embryonic fibroblasts and primary hepatocytes were used for this in vitro liver organoid tissue. 
These in vitro liver organoid tissues generated transplantable liver organoid tissues in the right portal 
vein branch-ligated nu/nu mouse with a condensed collagen fibril matrix[14]. The fibroblasts are 
embedded in the network collagen fibrils of this artificial tissue, and it is therefore useful for 
reconstructing the hepatic interstitial structure.

In this study, the PBL-HPCs were expanded and formed liver organoid tissue, which was comparable 
to liver lobules using an originally designed bioreactor system, and was also implanted into its 
syngeneic wild-type mouse.

https://www.wjgnet.com/1007-9327/full/v28/i14/1444.htm
https://dx.doi.org/10.3748/wjg.v28.i14.1444
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MATERIALS AND METHODS
Animals
Pregnant BALB/cA mice at 13.5 d post-coitus (CLEA Japan, Tokyo, Japan) were used for embryonic 
fibroblast isolation. Six-week-old female and male BALB/cA Jcl and BALB/cA Jcl-nu/nu 3 mice (CLEA 
Japan, Tokyo, Japan) were used as transplant recipients. The animal protocol was approved by the 
Animal Experimentation Committee of the Tokyo Institute of Technology.

Cells and cultures
The PBL-HPCs were established in a previous study with portal vein ligated methods[13]. The cells 
were cultured in Williams’ E medium (GIBCO Laboratories, Grand Island, NY, United States) supple-
mented with 5% fetal bovine serum, 10 mmol/L nicotinamide (Sigma-Aldrich, St. Louis, MO, United 
States), 0.1 μmol/L dexamethasone (Sigma-Aldrich), 1×Insulin-Transferrin-Sodium Selenite Supplement 
(Roche Diagnostics, Mannheim, Germany), and 20 ng/mL Recombinant Mouse Epidermal Growth 
Factor (R&D Systems, Minneapolis, MN, United States) in 5% CO2 at 37°C. These cells were passaged by 
treatment with 0.05% trypsin (Invitrogen) and 20 μmol/L ethylenediaminetetraacetic acid (EDTA; 
NACALAI TESQUE, Kyoto, Japan).

Preparation of murine embryonic fibroblasts
A pregnant female BALB/c mouse at 13.5 dpc (days post-coitus) was sacrificed by cervical dislocation, 
and embryos were removed. The limbs of the embryos were minced and treated with 0.25% trypsin 
(Invitrogen, Tokyo, Japan) + 1 mmol/L EDTA (about 2 mL per embryo) and incubated with gentle 
stirring at 37 °C for 10-15 min. The cells were subsequently cultured in DMEM containing 10% (v/v) 
FBS.

Generation of three-dimensional liver tissue culture model
As shown in Figure 1, the three-dimensional (3-D) liver tissue culture model was generated by accumu-
lating collagen fibrils, primary murine embryonic fibroblasts, and PBL-HPCs using a closed-loop system 
with a bioreactor chamber (diameter 17 mm; thickness 20 mm) developed by our group as previously 
reported[14,17]. Briefly, primary embryonic fibroblasts (1.0 × 105 cells/mL) in 10% FBS and 7.5 mg/mL 
type I collagen prepared from calfskin (Koken Collagen, Tokyo, Japan) in Williams’ E medium flowed 
through the closed-loop system at a predetermined flow rate (1-5 mL/min) for 6 h. Subsequently, the 
same medium was circulated through the closed-loop system, and PBL-HPCs (5.0 × 106 cells/mL) were 
injected using a syringe into the system upstream of the bioreactor chamber for 2 h. Finally, a 
suspension of fibroblasts (1.0 × 105 cells/mL) was circulated for 6 h.

Morphological analyses
The 3-D liver tissue culture models were fixed with Zamboni’s fixative for light microscopy. The 
samples were dehydrated with an ethanol series and embedded in paraffin. The sections were stained 
with hematoxylin and eosin or AZAN and examined with a light microscope.

Hepatic function assay in liver tissue culture model
Urea production in the medium was quantified using a urea assay kit (Bioassay Systems, Hayward, CA, 
United States) 24 h after the addition of 2 mmol/L NH4Cl. Albumin production was quantified in the 
medium using an albumin EIA (Albuwell M) mouse kit (Exocell, Philadelphia, PA, United States).

The metabolites of testosterone in the medium were quantified by HPLC analysis[18]. The 3-D liver 
tissue culture models were incubated with fresh medium containing 0.25 mmol/L testosterone and the 
medium was collected at 24 h. After sample treatment, HPLC analysis was performed using LC-
10ADVP (Shimadzu, Kyoto, Japan) with Cadenza columns (Cadenza CD-C18) (Imtakt, Kyoto, Japan) 
and SPD-10A VP (Shimadzu, Kyoto, Japan).

Transplantation of liver tissue culture model
Under isoflurane anesthesia, mice were subjected to an upper-abdominal incision, followed by exposure 
and ligation of the left portal vein branch and subsequent hepatectomy of the left and middle lobes 
(70%). The 3-D liver tissue culture model was transplanted into the subcutaneous layer of a mouse. Two 
weeks later, the 3-D liver tissue culture model was removed for histological analysis of the vascular 
network.

Statistical analysis
Results of multiple experiments were reported as the mean ± SE. Statistical comparisons were made 
using a Tukey-Kramer method and a Welch t-test using the IBM SPSS Statistic 27.
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Figure 1 Reconstruction of the three-dimensional liver tissue culture model using hepatic progenitor cells. A and B: A schematic illustration 
showing reconstruction of the liver tissue culture model using a bioreactor; preparation steps (A), and culture steps (B); C: Micrographs of a reconstructed three-
dimensional (3-D) liver tissue culture model with dense collagen fibrils; D and E: Histological analyses: hematoxylin-eosin staining of a section of the 3-D liver tissue 
culture model on day 1 (D) and day 12 (E). Arrows indicate binuclear populations, like hepatocytes. Arrowheads indicate a bile duct–like structure; F: Histological 
analyses: AZAN staining of a section of the 3-D liver tissue culture model on day 12. Arrowheads indicate fibroblasts at condensed collagen fibril matrices. Bar 
corresponds to (C) 5 mm, (D) 50 μm, and (E) and (F) 100 μm. Col: Collagen; HPCs: Portal branch-ligated-hepatic progenitor cells; PLA-S: Polylactic acid sheet; C: 
Collagen layer; H: Hepatic layer.

RESULTS
Preparation of 3-D hepatic progenitor cell-derived 3-D liver tissue culture model
Type I collagen solution was circulated through a sheet of PLA into a reverse radial flow-type 
bioreactor, followed by the suspension of 5.0 × 106 cells of mouse embryonic fibroblasts (MEFs). In the 
next step, the suspension of 1.0 × 107 PBL-HPCs was circulated without oncostatin M. After these steps, 
the type I collagen solution was circulated again followed by the suspension of 5.0 × 106 MEFs. Finally a 
3-D aggregate was prepared (Figure 1A). The surface of this 3-D aggregate which included PBL-HPCs, 
primary fibroblasts, and type I collagen was glossy and measured 17 mm in diameter and 1.5 mm in 
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height. This glossy aggregate consisted of a layer of PBL-HPCs, sandwiched between two layers of 
collagen fibrils with MEFs, and was constructed on a sheet of PLA as shown in Figure 1G. Cross-
sectional profiles of the 3-D liver tissue culture models were stained with hematoxylin-eosin and AZAN 
as shown in Figure 1D-F. The collagen layers were composed of densely packed collagen fibrils running 
parallel to the plane of the PLA sheet. A layer of PBL-HPCs 200-300 μm thick (Figure 1D), and two 
layers of collagen fibrils populated with embryonic fibroblasts, approximately 400 μm thick, were 
observed in the 3-D liver tissue culture model. To culture the 3-D liver tissue model, the cylinder inside 
the bioreactor was changed from construction to culture (Figure 1B). The 3-D liver tissue culture model 
was cultured using a differentiation medium containing 20 ng/mL oncostatin M in the bioreactor for 12 
d. After this, PBL-HPCs differentiated into mature hepatocyte-like cells, in binuclear populations, and 
with a bile duct-like structure (Figure 1E). Collagen layers were maintained by the collagen fibers and 
fibroblasts on day 12.

Expression of liver-related genes in hepatic progenitor cell-derived 3-D liver tissue culture model
The expression of liver-specific genes was determined in the 3-D liver tissue culture model. To 
investigate whether the 3-D liver tissue culture models were able to show hepatic lineage differentiation 
(i.e., to mature into hepatocytes and bile duct cells), the cells were cultured in the presence of oncostatin 
M. By day 12 of the culture in the hepatic lineage differentiation medium, quantitative real-time 
polymerase chain reaction analysis revealed that the cells expressed hepatocyte differentiation markers 
including: Afp (α-fetoprotein); Albumin; Tat (tyrosine aminotransferase); Tdo (tryptophan 2,3-
dioxygenase); Cps1 (carbamoyl-phosphate synthetase 1); Cyp1a2 (Cytochrome P450, family 1, sub-
family a2); Cyp2e1 (Cytochrome P450, family 2, sub-family e1); and Abcc2 [ATP-binding cassette, sub-
family C (CFTR/MRP), member 2] (Figure 2A-H). On the other hand, the gene expression of Bsep (bile 
salt export pump) and ABCB11 (ATP-binding cassette, sub-family B member 11) decreased in the 3-D 
liver tissue culture model (Figure 2I). The expression of CK19, a representative marker for HPCs, was 
confirmed in the PBL-HPCs. The gene expression of CK19 decreased in the 3-D liver tissue culture 
models (Figure 2J). In addition, PBL-HPCs expressed the CD44 gene, a progenitor cell marker, which 
decreased in the 3-D liver tissue culture models (Figure 2K). After that, CD44 expression increased in 
the 3-D liver tissue culture models on day 12 of culture (Figure 2K).

The 3-D liver tissue culture model exhibits expression of multiple liver-specific functions
The expression of several liver-specific functions, such as the production of urea and albumin, and drug 
metabolism, were analyzed in the 3-D liver tissue culture models. Urea production was examined in 
cultured 3-D liver tissue culture models in a hepatic lineage differentiation medium containing 2 
mmol/L NH4

+. The level of urea production in the 3-D liver tissue culture model gradually increased 
and was significantly higher on days 6 and 12 than in the 2-D culture (Figure 3A). The amount of 
albumin released from the 3-D liver tissue culture model into the medium was measured in each 
medium on day 1, day 6, and day 12 by enzyme-linked immunosorbent assay. As seen in Figure 3B, the 
albumin level increased gradually from day 1 to day 12. These results suggest that the 3-D liver tissue 
culture model with PBL-HPCs had differentiated.

To quantify P450 activities, the hydroxylated pattern of testosterone by cultured 3-D liver tissue 
culture models in a hepatic lineage differentiation medium, containing 250 μmol/L testosterone, was 
examined using high-performance liquid chromatography. The concentration of each hydroxylated 
testosterone (6β-OHT, 7α-OHT, 16α-OHT, and 16β-OHT, respectively, corresponding to oxidation by 
Cyp3a, Cyp2a4/5 and 2d9, Cyp2d9 and 2b, and Cyp2c29 and 2e) was quantified. The concentrations of 
hydroxylated testosterones, such as 6β-OHT, 7α-OHT, 16α-OHT, and 16β-OHT, in the media of the 3-D 
liver tissue culture models after 12 days culture were measured. As compared with the hydroxylation 
levels of 6b-OHT, 7a-OHT, and 16a-OHT in the 2-D culture, the hydroxylation levels were significantly 
increased in the 3-D liver tissue models (Figure 3C).

The 3-D liver tissue was engrafted in the partially hepatectomized mouse
The 3-D liver tissue culture model of PBL-HPCs was syngeneically transplanted into the subcutaneous 
layer of a BALB/cA mouse which had received a 70% partial hepatectomy as shown in Figure 4A. The 
graft could be observed in the subcutaneous layer two weeks after transplantation. Microvascular 
networks were seen throughout this engrafted tissue. As shown in Figure 4B and C, the hematoxylin-
eosin staining of this specimen in the graft area showed that collagen remained rich in the graft, 
fibroblasts existed in the collagen area, and vessel-like tube formation was observed. To investigate 
whether the cells in these areas were hepatocytes, an immunohistochemical examination using staining 
with anti-albumin antibodies was carried out (Figure 4D). This confirmed that the PBL-HPCs were 
accepted as albumin-positive cells after transplantation. These results indicate that the 3-D liver tissue 
culture model was successfully grafted with angiogenesis in the partially hepatectomized mouse.



Tamai M et al. Hepatic progenitor cell-derived liver tissue

WJG https://www.wjgnet.com 1449 April 14, 2022 Volume 28 Issue 14

Figure 2 Relative gene expression levels in the three-dimensional liver tissue culture model cultured in a bioreactor on day 1 and day 12. 
Relative gene expression levels were analyzed in the three-dimensional liver tissue culture model. A: Afp; B: Albumin; C: Tat; D: Tdo; E: Cps1; F: Cyp1a2; G: Cyp2e1
; H: Abcc2; I: Bsep; J: CK19; K: CD44. Hprt was used as an internal control. Statistical comparisons were made using the Tukey-Kramer method. Data are shown as 
means ± SE, n = 3, aP < 0.05 and bP < 0.01. Afp: Alpha-fetoprotein; Tat: Tyrosine aminotransferase; Tdo: Tryptophan 2,3-dioxygenase; Cps1: Carbamoyl-phosphate 
synthetase 1; Cyp1a2: Cytochrome P450, family 1, sub-family a2; Cyp2e1: Cytochrome P450, family 2, sub-family e1; Abcc2: ATP-binding cassette, sub-family C 
(CFTR/MRP), member 2; Bsep: Bile salt export pump; ABCB11: ATP-binding cassette, sub-family B member 11; CK19: Cytokeratin 19; CD44: Hyaluronic Acid 
Binding Protein.

DISCUSSION
It is crucial to develop a technology that enables transplantable engineered tissues to be functionally 
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Figure 3 Validation of hepatic functions in the three-dimensional liver tissue culture model. A and B: Urea (A) and albumin (B) production levels in 
the culture medium in each culture condition; C: Hydroxylation activity of testosterone in the three-dimensional (3-D) liver tissue culture model. The amount of each 
hydroxylated testosterone in culture medium. Culture medium was changed every 2 d over the course of the measurement period. 2-D culture (open columns) and 3-
D culture (closed columns) system. Statistical comparisons were made using the Welch t-test. Data are shown as means ± SE, n = 3, aP < 0.01.

engrafted and long-lasting, in order to maximize the therapeutic effects of this procedure[19-21]. There 
are reports of transplanted hepatocytes at several different extrahepatic sites such as the small intestine
[22,23]. Tissue engineering has been a promising procedure for providing transplantable tissues 
mimicking liver ex vivo[24,25]. The attachment of hepatocytes to extracellular matrix scaffolds can help 
in their engraftment in extrahepatic sites[26,27]. It is important to provide scaffold materials for 
hepatocytes to enable significantly greater hepatocyte survival in heterotypic transplantation[28]. The 
liver is encased mainly with collagen fibrils. By fabricating graded structures specific for target tissues 
and organs, one can obtain suitable scaffolds for tissue regeneration[29]. Taking into account the 
architecture of the liver, we have generated a 3-D liver tissue culture model of HPCs with a collagen 
fibril matrix using a bioreactor. Furthermore, defining and validating new sources is mandatory for 
ensuring functional hepatic cell supply[30]. Hepatic stem/progenitor cells have many advantages 
compared to adult hepatocytes as they are bipotent cells, so they can differentiate into hepatocytes and 
cholangiocytes[20]. Moreover, they have high proliferation ability.

In this study, HPCs — PBL-HPCs — were used in an original procedure to generate a 3-D liver tissue 
culture model. The histological structure of this model resembled that of the liver, with respect to its 
capillary network and surrounding cell clusters. As PBL-HPCs have the potential to reproduce 
themselves, it is easy to prepare the necessary numbers of cells (1 × 107 cells order). The PBL-HPC-
derived 3-D liver tissue culture model reconstructed in a bioreactor produced cells that differentiated 
into hepatic-like cells, binuclear populations, and bile duct–like structures (Figure 1F). These cells 
expressed hepatocyte differentiation markers (Figure 2) after 12 days of culture. The PBL-HPCs differen-
tiated not only into hepatic cells but also bile duct-like cells in a reconstituted collagen fibril matrix. In 
the 3-D liver tissue culture model derived from PBL-HPCs, the levels of urea and albumin production 
were gradually enhanced and were significantly higher than those cultured in dishes on days 6 and 12 
(Figure 3A and B). Cyp3a, 2a4/5, 2d9, and 2b activities were significantly increased in the 3-D liver 
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Figure 4 Transplanted three-dimensional liver tissue culture models in partially hepatectomized model mice. A: A schematic illustration 
showing the transplantation of the three-dimensional (3-D) liver tissue culture model; B: Histological analyses and hematoxylin-eosin staining of the section for the 3-
D liver tissue culture model after transplantation; C: Higher magnification of the inscribed area in (B). The vascularization was observable at condensed collagen fibril 
matrices. Arrowheads indicate new blood vessels; D: Immunohistochemical analysis of the 3-D liver tissue culture model of albumin-positive hepatic cells after being 
transplanted using anti-albumin (green) antibodies. Bar corresponds to 100 μm.

tissue culture models (Figure 3C). These results suggest that the PBL-HPCs differentiated to mature 
hepatocytes in the 3-D liver tissue culture model.

Since PBL-HPCs differentiated into cells expressing hepatic functions in a 3-D liver tissue culture 
model, further investigation was carried out to determine whether PBL-HPCs also maintained their 
acquired functions after transplantation. Following implantation of the PBL-HPC-derived 3-D liver 
tissue culture model into mice, the 3-D liver tissue culture model was grafted, and vessel-like tube 
formation was observed (Figure 4B and C).

Also, the 3-D liver tissue culture model was grafted in the healthy mouse which did not undergo 
partial hepatectomy, and vascularization was observed (Supplementary Figure 1A and B). On the other 
hand, the Matrigel-embedded PBL-HPCs were transplanted into male healthy mice or nu/nu mice, and 
vascularization was not observed (Supplementary Figure 1C-F). PBL-HPCs differentiated into albumin 
positive cells (Figure 4D). This haptic tissue consisted of fibroblasts and HPCs which can be differen-
tiated into only hepatocytes and bile duct cells, not immune cells. As some blood vessels were observed 
after implantation, lymphocytes and monocytes may have been circulating. However, we did not detect 

https://f6publishing.blob.core.windows.net/63619aa2-7194-4afa-9822-cf8839709b92/WJG-28-1444-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/63619aa2-7194-4afa-9822-cf8839709b92/WJG-28-1444-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/63619aa2-7194-4afa-9822-cf8839709b92/WJG-28-1444-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/63619aa2-7194-4afa-9822-cf8839709b92/WJG-28-1444-supplementary-material.pdf
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Kupffer cells in the grafts. The 3-D liver tissue culture model was investigated for efficiency of 
transplantation in extrahepatic sites. These findings demonstrated that a reconstituted collagen fibril 
matrix can provide an extracellular microenvironment to promote the maturation of progenitor cells 
into hepatic cells. A local vascular network would allow nutrient and gas transport to the graft. These 
findings could make a significant contribution to the problem of liver graft shortage.

CONCLUSION
In conclusion, a 3-D liver tissue culture model was developed using HPCs. The advantage of our system 
is that it consists of proliferative HPCs. The 3-D liver tissue culture models can be generated in an 
originally designed bioreactor within 24 h. By mimicking the structure of the natural liver, our system 
was effective in constructing a functional liver tissue model.

ARTICLE HIGHLIGHTS
Research background
Liver transplantation is a therapeutic procedure to recover liver function in patients with irreversible 
liver failure; however, there is currently a shortage of available transplant organs, which limits the 
availability of this treatment.

Research motivation
Portal branch-ligated (PBL) HPCs are expected to allow regenerative medicine to produce a cell source 
to provide an alternate source for transplantation.

Research objectives
We aimed to development a liver model using HPCs.

Research methods
Hepatic stem/progenitor cells have the ability to multiply ex vivo and differentiate into hepatocytes and 
cholangiocytes. We have previously established HPC lines derived from the hepatic tissues of mice after 
ligation of venous drainage. In this study, the PBL hepatic lobe-derived HPCs multiplied in a bioreactor 
chamber to form liver organoid tissues comparable to liver lobules. These organoid tissues were 
implanted into syngeneic wild-type mice.

Research results
In the three-dimensional (3-D) liver tissue culture model, PBL-HPCs differentiated into mature 
hepatocyte-like cells, in binuclear populations, and with a bile duct–like structure. Quantitative real-
time polymerase chain reaction analysis revealed that the cells expressed hepatocyte differentiation 
markers. In the 3-D liver tissue culture model derived from PBL-HPCs, the levels of urea and albumin 
production and activities of Cytochrome P450 enzymes were gradually enhanced.

Research conclusions
By mimicking the structure of the natural liver, our system was effective for the construction of a 
functional liver tissue model.

Research perspectives
This PBL-derived HPC line has the potential to proliferate, mature, and form implantable hepatic tissue.
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Abstract
BACKGROUND 
Heterotopic pancreas (HP) is an aberrant anatomic malformation that occurs most 
commonly in the upper gastrointestinal tract. While the majority of heterotopic 
pancreatic lesions are asymptomatic, many manifest severe clinical symptoms 
which require surgical or endoscopic intervention. Understanding of the clinical 
manifestations and symptoms of HP is limited due to the lack of large volume 
studies in the literature. The purpose of this study is to review symptomatic cases 
at a single center and compare these to a systematic review of the literature in 
order to characterize common clinical manifestations and treatment of this 
disease.
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AIM 
To classify the common clinical manifestations of heterotopic pancreas.

METHODS 
A retrospective review was conducted of pathologic samples containing heterotopic pancreas from 
2000-2018. Review was limited to HP of the upper gastrointestinal tract due to the frequency of 
presentation in this location. Symptomatic patients were identified from review of the medical 
records and clinical symptoms were tabulated. These were compared to a systematic review of the 
literature utilizing PubMed and Embase searches for papers pertaining to heterotopic pancreas. 
Publications describing symptomatic presentation of HP were selected for review. Information 
including demographics, symptoms, presentation and treatment were compiled and analyzed.

RESULTS 
Twenty-nine patient were identified with HP at a single center, with six of these identified has 
having clinical symptoms. Clinical manifestations included, gastrointestinal bleeding, gastric 
ulceration with/without perforation, pancreatitis, and gastric outlet obstruction. Systemic review 
of the literature yielded 232 publications detailing symptomatic cases with only 20 studies 
describing ten or more patients. Single and multi-patient studies were combined to form a cohort 
of 934 symptomatic patients. The majority of patients presented with abdominal pain (67%) 
combined with one of the following clinical categories: (1) Dyspepsia, (n = 445, 48%); (2) Pancre-
atitis (n = 260, 28%); (3) Gastrointestinal bleeding (n = 80, 9%); and (4) Gastric outlet obstruction (n 
= 80, 9%). The majority of cases (n = 832, 90%) underwent surgical or endoscopic resection with 
85% reporting resolution or improvement in their symptoms.

CONCLUSION 
Heterotopic pancreas can cause significant clinical symptoms in the upper gastrointestinal tract. 
Better understanding and classification of this disease may result in more accurate identification 
and treatment of this malformation.

Key Words: Heterotopic pancreas; Ectopic pancreas; Aberrant pancreas; Pancreatic rest; Groove pancreatitis

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This is a retrospective study that compares a single institution’s experience with that of a 
systematic literature review to evaluate the common clinical symptoms and presentation of heterotopic 
pancreas. To date, there have been numerous small volume studies in the literature reporting heterotopic 
pancreas. However, these studies predominantly report asymptomatic or incidental cases and there are few 
studies characterizing the symptomatic presentation of this disease. The goal of this study is to classify 
symptomatic cases of heterotopic pancreas to better identify the presentation and management of this 
disease.

Citation: LeCompte MT, Mason B, Robbins KJ, Yano M, Chatterjee D, Fields RC, Strasberg SM, Hawkins WG. 
Clinical classification of symptomatic heterotopic pancreas of the stomach and duodenum: A case series and 
systematic literature review. World J Gastroenterol 2022; 28(14): 1455-1478
URL: https://www.wjgnet.com/1007-9327/full/v28/i14/1455.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i14.1455

INTRODUCTION
Heterotopic pancreas (HP) is an uncommon embryologic abnormality, defined as aberrant pancreatic 
tissue separated anatomically from the main body and blood supply of the pancreas. This tissue can be 
located throughout the gastrointestinal tract with a reported frequency of 1/500 in surgical specimens
[1]. Most of these lesions are asymptomatic and are identified incidentally on pathologic specimens or at 
autopsy. However, some of these anatomic anomalies can manifest clinical symptoms. When this 
occurs, the clinical presentation can often be severe, requiring surgical intervention[2].

Knowledge of the clinical features of this disease process and the appropriate treatment is limited. 
While reports of clinically relevant cases are present in the literature dating back to 1727, the majority of 
the available literature consists of case reports, with few studies containing more than a handful of 
patients[3]. Thus, little is known about the “typical” clinical manifestations of HP due to small volume 

https://www.wjgnet.com/1007-9327/full/v28/i14/1455.htm
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studies. Classification of this aberrancy is further limited by the diversity of possible symptoms which 
are often dictated by the anatomic location, size and functionality of ectopic lesion. While HP is most 
commonly located in the foregut, it has been identified in tissues including the small bowel, colon, 
gallbladder, spleen, esophagus and mediastinum[4]. This leads to further complexity in appropriate 
diagnosis and treatment of HP as it is often mimics other disease processes.

To address the deficit in description and classification of symptomatic HP we evaluated our center’s 
experience with symptomatic HP cases and compared it to a systematic review of the available 
literature. The scope of this study focuses on describing and characterizing the common clinical 
manifestations for HP within the stomach and duodenum as these locations represent the majority of 
cases. Cases identified in this study were compared with the results of a review of the available reported 
cases to identify the common symptoms, presentation, and treatment options for this disease process.

MATERIALS AND METHODS
A review of pathology specimens from 2000-2018 was conducted at a single academic institution. 
Approval was obtained from the institutional review board (#210811062). Specimens with pathologic 
confirmation of heterotopic pancreatic tissue were identified. Lesions found in the upper gast-
rointestinal tract were selected in adult patients over 18 for final review. Electronic medical records were 
analyzed and factors associated with the clinical presentation, symptoms, diagnosis and treatment were 
identified in each of the cases. Based upon the clinical history and presentation, patients were classified 
as symptomatic or asymptomatic. Symptomatic patients were defined as those who presented with 
upper gastrointestinal complaints which could be attributed to the identified pathology and ultimately 
resolved with treatment or removal of the ectopic tissue. Asymptomatic patients were classified as 
patients in whom the presence of heterotopic pancreas was identified in the workup or treatment of 
symptoms related to other clinically established pathology, or were found incidentally in a surgical 
pathologic specimen. Symptomatic patients were analyzed and categorized based upon their clinical 
features, presentation and treatment.

The cohort of patients with symptomatic manifestations from our institution was then compared that 
of published cases in the literature. A literature review of heterotopic pancreas using Embase and 
PubMED databases was conducted. The terms “heterotopic pancreas”, “ectopic pancreas”, and 
“aberrant pancreas” were searched. Publications printed in the English language were selected. 
Inclusion criteria were limited to publications reporting symptomatic cases of pathologically confirmed 
heterotopic pancreas located in stomach or duodenum. Publications which reported symptomatic and 
asymptomatic cases were excluded if they lacked characterization and description of clinical symptoms. 
Patients from the included publications were combined into a single cohort and categorized based on 
the presenting clinical symptoms, available demographic information and treatment. This sample was 
then compared with a series of patients identified at our institution for similarities. Descriptive statistics 
were employed to tabulate and report the results.

RESULTS
Institutional results
Twenty-nine pathology specimens were identified with pancreatic heterotopia in the upper 
gastrointestinal tract during the study period of January 2000 to December 2018. Of these, fourteen 
patients were female (48%). Six patients (20%) were identified as having symptoms related to an HP 
lesion. The remaining patients were identified as asymptomatic with incidentally noted lesions on 
pathology or discovered on endoscopy (Table 1). Five of the symptomatic patients underwent surgical 
treatment of their disease process and one declined surgery in favor of medical management.

Of the symptomatic patients, two (7%) presented with elevated lipase and evidence of pancreatitis 
within the heterotopic lesion, two patients presented with gastrointestinal bleeding or anemia, one 
patient (3.4%) presented with perforated gastric ulceration related to a heterotopic lesion, and one 
patient presented with gastric outlet obstruction from a HP lesion located at the pylorus. The six case 
presentations are briefly summarized below.

Case 1: 28-year-old male who presented as an outpatient with a history of mid-epigastric abdominal 
pain, nausea and daily vomiting for approximately 3 mo. He reported associated anorexia and a weight 
loss of approximately 40 Lbs. On exam he was noted to be cachectic with a BMI of 17 with moderate 
abdominal tenderness to palpation in the upper abdomen. Workup demonstrated an elevated lipase of 
123 and an amylase of 141. Computed tomography revealed a 3.4cm hyper-enhancing mass near the 
pylorus on CT imaging. This was associated with a complex fluid collection within the wall of the 
stomach and evidence of inflammatory stranding, gastric thickening and edema. Endoscopy revealed a 
mass within the wall of the gastric antrum. Endoscopic ultrasound and biopsy demonstrated pancreatic 
acini. The patient was subsequently taken to the operating room for antrectomy and billroth II 
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Table 1 Pathologic specimens identified with heterotopic pancreas; specimens are divided into symptomatic classification

Clinical features n Percent

Total patients 29 100%

Symptomatic HP 6 20.0%

Pancreatitis 2 7.0%

Bleeding/anemia 2 7.0%

Peptic ulceration 1 3.4%

Gastric outlet obstruction 1 3.4%

Asymptomatic HP 23 80.0%

Incidental finding on pathology 5 17.2%

Noted on Endoscopy 17 58.6%

Identified at time of surgery 1 3.4%

HP: Heterotopic pancreas.

reconstruction. His pathology demonstrated heterotopic pancreatic tissue, 3.5 cm in size within the 
gastric antrum (Figure 1). In addition, there was an associated 4.3 cm pseudocyst within the gastric wall 
with surrounding inflammation. The patient was seen in follow up clinic one month later and was noted 
to be eating well with an increase in his weight of 14 Lbs since discharge.

Case 2: 37-year-old male who presented with a chief complaint of melena, epigastric abdominal pain, 
anorexia and weight loss of approximately 20 Lbs. An esophagogastroduodenoscopy was performed 
which demonstrated a 2 cm submucosal mass with overlying ulcerated mucosa. An endoscopic 
ultrasound and FNA were obtained. Results demonstrated atypical cells. Radiographic imaging was 
obtained, however computed tomography scan was unable to identify or localize the mass. Surgical 
resection was offered, and the patient underwent a laparoscopic assisted gastric wedge resection. 
Pathology from the specimen was identified as a 2.5 cm × 2.0 cm mass consistent with multilobulated 
pancreatic tissue located between the gastric mucosa and muscularis propria with evidence of inflam-
mation and ulcerated mucosa. The patient recovered without complication and with resolution of his 
anemia.

Case 3: 42-year-old male presented with acute abdominal pain and the presence of free air on upright 
abdominal film. He was noted to be tachycardic and with evidence of peritonitis on exam. A computed 
tomography scan confirmed the presence of free air and intraperitoneal fluid in the abdomen. His past 
medical history was notable only for a history of gastroesophageal reflux and indigestion that was 
refractory to years of proton pump inhibitor therapy. He was taken to the operating room for 
exploration where a large ulcer was identified upon opening the lesser sac in the posterior wall of the 
stomach approximately 6cm from the pylorus. A distal gastrectomy and reconstruction with a billroth II 
gastrojejunostomy was performed.

Pathology from the resected specimen demonstrated a transmural gastric perforation with evidence 
of associated pancreatic tissue within the gastric wall and along the edge of the ulcerated mucosa. The 
patient tolerated the procedure well and remained symptom free.

Case 4: 43-year-old male presented to the emergency department with chronic symptoms of non-
bloody, non-billious vomiting and intolerance of oral intake. A detailed history revealed that the patient 
had suffered from intermittent vomiting and progressive oral intolerance over the prior 6 mo. A 
computed tomography scan was obtained which demonstrated a grossly distended stomach and a 
hyperenhancing mass as the level of the pylorus and first portion of the duodenum with an associated 
gastric outlet obstruction.

He was taken to surgery where an abnormal mass was palpated near the level of the pylorus. A distal 
gastrectomy was performed with a billroth II reconstruction. Final pathology demonstrated heterotopic 
pancreas at the level of the pylorus.

Case 5: 52-year-old female presented with anemia underwent upper endoscopy, which showed a 
submucosal mass along the lesser curve of the stomach near the incisura. EUS was performed, where a 
submucosal mas was identified with ulceration concerning for a gastrointestinal stromal tumor. Fine 
needle aspiration was non-diagnostic. She proceeded to surgery where a laparoscopic wedge resection 
was performed. Her pathology showed a 1.5 cm × 1.1 cm × 1.0 cm mass of pancreatic tissue. On post-
operative follow up she was noted to have resolution of her anemia.
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Figure 1 Image demonstrating the gastric antrum with an intramural mass identified within the wall of the stomach. 

Case 6: 29-year-old male presented with abdominal pain and anorexia over the course of on year with a 
weight loss of 75 Lbs. Imaging with computed tomography showed 2.6 cm × 1.6 cm mass along the 
lesser curve of stomach and the patient was noted to have mild elevation in his amylase and lipase. 
Upper endoscopy with endoscopic ultrasound demonstrated a 2.3 cm subepithelial lesion along the 
lesser curve with surrounding gastritis. Biopsy demonstrated chronic gastritis and benign pancreatic 
tissue. The patient was placed on proton pump inhibitors and carafate with improvement in his 
symptoms. He was referred for surgical evaluation but declined intervention as his symptoms had 
improved with medical therapy.

Results of literature analysis 
A systematic review of the literature was conducted to identify published cases of HP lesions. The initial 
search resulted in 1220 unique publications. Of these, 232 publications described cases of symptomatic 
lesions and met the inclusion criteria. The majority of these publications (n = 182) were single patient 
case studies. There were only 20 studies identified which contained more than 10 symptomatic patients 
in their series. The majority of the larger studies contained cases of both symptomatic and asymptomatic 
disease with few publications dedicated to describing symptomatic cases. In total, these studies 
included 1762 patients of which 934 patients were reported to have symptomatic lesions in the stomach 
or duodenum and comprised the total cohort of this evaluation. Demographic information was 
provided for 864 patients (94%) of which the mean age at symptom presentation was 43 years old and 
564 were male (61%). In total, there were 556 patients with gastric lesions (59%) and 378 with duodenal 
lesions (41%).

A summary of the clinical cases of HP was performed by individual publication and were tabulated 
for review in Table 2. The majority of patients presented with epigastric abdominal pain (n = 620, 67%). 
In addition to pain, the remaining symptoms were noted to fall within one of 4 predominant diagnostic 
categories: (1) Dyspepsia, which included symptoms of epigastric pain, eructation, nausea or bloating 
with meals (n = 445, 48%); (2) Pancreatitis within the ectopic lesion (n = 260, 28%); (3) Gastrointestinal 
bleeding (n = 80, 9%); and (4) Gastric outlet obstruction (n = 80, 9%). There were also 37 patients who 
presented with jaundice and biliary obstruction due to periampullary lesions (4%), and 3 patients with 
perforated ulcers. The remaining patients presented with various symptoms which included fever, 
diarrhea, abscess, carcinoid syndrome and dysphagia but were in single cases or small numbers. The 
majority of patients who presented with pancreatitis were found to have radiographic evidence of 
pseudocyst formation or cystic degeneration of an ectopic lesion (n = 251, 97%). These lesions were 
commonly located within the wall of the stomach or duodenum or were characterized as “groove 
pancreatitis” with ectopic pancreatic tissue located between the medial duodenal wall and the head of 
the pancreas. Of the patients with clinical and radiographic evidence of pancreatitis, only 50 cases (19%) 
reported elevations in biochemical markers such as serum amylase or lipase to correlate with the clinical 
or radiographic evidence of pancreatitis. One hundred forty-five cases (56%) were reported to be 
associated with alcohol consumption as the inciting etiology.

The majority of cases (n = 832, 90%) underwent surgical or endoscopic management of their 
heterotopic pancreatic lesion, while 92 were observed or managed medically. Surgical therapy ranged 
from radical gastrectomy or pancreaticoduodenectomy to local excision or endoscopic resection. 
Available data on the therapies provided are listed in Table 3. Data on the effect of treatment on 
symptom control was available for 645 patients. Of the cases which reported post-intervention follow 
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Table 2 Summary of systematic literature review listed by publication, number of symptomatic cases, demographics and clinical symptoms

Ref. Year Total 
patients

Symptomatic 
patients

Mean 
age

Gastric 
lesions

Duodenal 
lesions

Location 
other than 
foregut

Abdominal 
Pain Dyspepsia Gastrointestinal 

Bleeding Pancreatitis Gastric outlet 
obstruction Perforation Nausea Jaundice

Noh et al[5] 2019 5 5 32 5 5 5

Zhou et al[6] 2019 93 78 39.75 78 38 41 4

Betzler et al[7] 2017 67 11 53 11 8 7

Jun et al[8] 2017 165 79 45.2 46 18 15 64 64 64

Zhang et al[9] 2016 184 26 49 25 1 26 26 1

Liao et al[10] 2014 2 2 36 2 2

Chou et al[11] 2014 13 13 40.8 13 6 7

Endo et al[12] 2014 2 2 74 1 1 1 1

Liu et al[13] 2013 9 9 48.3 9 6 9 1

Zhong et al[14] 2013 60 30 39 30 16 24 6

Shah et al[15] 2011 30 4 53 1 1 2 1 1 1

Park et al16] 2011 26 9 34 9 4 9

Wei et al[17] 2011 11 11 52 3 8 6 8 3 2

Ryu et al18] 2010 8 4 36 4 4

Yuan et al[19] 2009 2 2 61 1 1 1 1

Khashab et al
[20]

2009 2 2 32 2 1 1

Casetti et al[21] 2009 58 58 44.7 58 46 1 58

Jovanovic et al
[22]

2008 13 13 41.5 13 10 6 1 7 4

Chen, H et al
[23]

2008 39 15 46 12 1 2 9 9 5

Chen, S et al
[24]

2008 20 13 39 12 1 9 4

Rebours et al
[25]

2007 105 105 46 105 91 5 105 30 13

Tison et al[26] 2007 9 9 49.6 9 8 9 9 1
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Ormarsson et al
[4]

2006 30 11 49.2 11 5 5 1

Pessaux et al
[27]

2006 12 12 42.4 12 11 1 12 8

Ayantunde et 
al[28]

2006 3 3 55 3 1 1 2 2

Chatelain et al
[29]

2005 2 2 40.5 2 2 2 2

Zinkiewicz et al
[30]

2003 12 7 34 6 1 7 7

Shi et al[31] 2002 7 7 41 1 4 2 2 1 1 3

Huang et al[32] 2002 2 2 46 2 2

Otani et al[33] 2000 34 2 43 2 1 1

Hsia et al[34] 1999 17 10 47.5 8 2 8 2

Fekete et al[35] 1996 6 6 40 1 5 6 1 6

Flejou et al[36] 1993 10 10 41 1 9 7 1 10 2

Claudon et al
[37]

1988 2 2 41 2 2 2

Pang et al[38] 1988 32 14 44 3 4 7 6 5 2 1 1

Lai et al[39] 1986 37 9 50 6 3 7 7 1 1

Mollitt et al[40] 1984 9 6 6.8 6 3 3 3

Armstrong et al
[41]

1981 34 13 51 5 5 3 11 2

Thoeni et al[42] 1980 9 6 43 6 1 1 1 1 1

Yamagiwa et al
[43]

1977 64 26 45.2 23 3 17 15 4 8

Dolan et al[44] 1974 212 73 60 43 25 5 52 46 7 1

Eklof et al[45] 1973 4 4 7 3 1 3 2 1

Nebel et al[46] 1973 3 3 28 1 2 3 3

McGarity et al
[47]

1971 2 2 33 2 2 1 2

Abrahams et al
[48]

1966 9 9 49.8 5 4 9 6



LeCompte MT et al. Classification of symptomatic heterotopic pancreas

WJG https://www.wjgnet.com 1462 April 14, 2022 Volume 28 Issue 14

Tonkin et al[49] 1962 4 4 44 2 2 3 4 1

Dirks et al[50] 1961 3 3 44.6 0 3 3 2 1

Martinez et al
[51]

1958 51 28 43.1 21 7 16 19 2 3

Waugh et al[52] 1946 5 5 34.8 5 3 3 2

De Castro 
Barboso et al[1]

1947 41 17 43 10 7 10 11 4

Single case studies (n = 
182)[3,53-233]

182 182 39.1 126 56 96 66 21 38 51 3 57 12

Total 1761 978 43 556 378 44 620 445 80 260 80 3 188 37

up, five hundred forty-nine patients demonstrated symptom resolution with treatment (85%), 63 were 
reported to have symptom improvement (9.7%) and 33 reported no improvement (5.1%). Based on the 
level of detail reported in the literature, there was no delineation of whether patients who did not 
improve were treated medically or via surgical or endoscopic intervention. Likewise, there was no study 
providing a direct comparison of treatment outcomes between medical versus surgical therapies nor 
was there a study comparing outcomes between different interventional therapies.

DISCUSSION
Heterotopic pancreas is a congenital anomaly, often identified incidentally in asymptomatic patients, 
yet it has the ability to illicit significant clinical symptoms in some cases. These lesions can arise in 
tissues throughout the body including stomach, small bowel, gallbladder, esophagus and mediastinum, 
leading to a wide range of manifestations[234]. Characterization of symptomatic lesions is difficult due 
to the relative infrequency of this diagnosis and the variability in presentation. This often leads to 
misidentification and suboptimal management in many cases. Large volume studies characterizing the 
common presentation of HP are lacking and the aim of this study was to provide a conglomerate 
population to classify the typical clinical presentation within the foregut and aid in classification. With 
improved understanding and recognition of this disease process, clinicians can render more appropriate 
treatment decisions that may save patients morbidity from radical resection.

The clinical manifestations of HP are dictated in large part by two factors, the location and the 
functionality of the lesion. The anatomic location is often predetermined early in life by embryologic 
development. The exact mechanism by which this abnormality forms is not well understood however, it 
is believed to be related to a disruption in the normal embryologic migration of the pancreas. Formation 
of dorsal and ventral pancreatic buds results from endodermal outpouchings of the duodenum[235]. 
Aberrant separation of these tissues from the visceral endoderm may be responsible for retained 
pancreatic tissue within the developing gastrointestinal tract and subsequent migration as the embryo 
develops[235]. However, this theory does not fully account for the development of HP in all cases as this 



LeCompte MT et al. Classification of symptomatic heterotopic pancreas

WJG https://www.wjgnet.com 1463 April 14, 2022 Volume 28 Issue 14

Table 3 Treatment of heterotopic pancreas; listing of surgical or endoscopic procedures performed for patients with symptomatic 
heterotopic pancreas by procedure

Procedure n Percent (%)

Distal gastrectomy 84 10.50

Billroth I reconstruction 14 1.70

Billroth II reconstruction 64 8.00

Roux-en-Y reconstruction 6 0.75

Gastric wedge resection 81 10.00

Subtotal gastrectomy 18 2.25

Total gastrectomy 5 0.63

Gastrotomy and local excision 42 5.30

Partial gastrectomy NOS 215 27.00

Pancreaticoduodenectomy 168 21.00

Trans-duodenal excision 19 2.40

Partial duodenectomy 7 0.90

Ampullectomy 2 0.25

Endoscopic submucosal excision 158 19.77

Total procedures 799 100.00

anomaly has also been reported to be found in tissues outside the gastrointestinal tract including the 
gallbladder, fallopian tube, umbilicus, mediastinum, omentum, mesentery and spleen[9,39]. An 
alternative explanation in these cases is the “metaplasia” theory in which totipotent endodermal tissues 
develop into pancreatic tissue during embryologic development and can present in various tissues 
throughout the body[235].

However, the majority of these lesions are located within the upper gastrointestinal tract with 
surgical and autopsy data reporting a frequency within the stomach of 25-52%, 27-36% in the 
duodenum and 15%-17% in the jejunum[9,44,235]. HP symptoms often mimic common upper 
gastrointestinal pathology and are difficult to identify. The location within the foregut often dictates 
symptom manifestation with peripyloric lesions more likely to lead to gastric outlet obstruction while 
periampullary lesions may cause biliary obstruction[17,80,164,236,237].

In addition to the anatomic location, the histologic location within the layers of the visceral wall may 
also have an effect on symptom presentation. HP occurs most frequently between the submucosa and 
lamina propria but can be found within all layers of the visceral wall[238]. Submucosal lesions may be 
more likely to cause ulceration with local gastritis or duodenitis while transmural lesions which involve 
all layers of the bowel wall can lead to chronic inflammation, and ultimately stricture or perforation[77].

While location may often explain symptom presentation it does not fully account for why some 
lesions are symptomatic while others found in similar locations are not. The remaining factor can be 
potentially explained by the functionality of the lesion, and the ability to perform the normal exocrine 
and endocrine functions of the pancreas. Histopathologic evaluation by Heinrich in 1909 demonstrated 
differences in the composition of these lesions which were later revised by Fuentes in 1973[239,240]. 
These classification systems categorized HP lesions based on the presence of all the cellular components 
of functional pancreas tissue (Type I in both categories) versus presence of ducts, acinar tissue or islet 
cells alone (Fuentes classification types II, III and IV respectively)[240] (Figure 2). The presence or 
absence of histologic elements may affect the functionality of the lesion and contribute to its ability (or 
inability) to produce symptoms. It has been proposed that lesions with functional exocrine potential can 
produce local chemical irritation of surrounding tissues while those without appropriate ductal 
drainage may lead to pancreatitis and pseudocyst formation within the lesion[4,60].

The clinical nature of HP may therefore have variable patterns of presentation which are highly 
dependent on both the location and the functional ability of the lesion. Since the majority of identified 
cases are located within the upper gastrointestinal tract, the scope of this study was restricted to 
identifying and characterizing symptoms within these locations. The combined experience from our 
center and the analysis of the published literature demonstrated that the majority of clinically significant 
cases can be categorized within 4 main groups. These categories are significant as they are common 
presentations of other pathology within the upper GI tract and can lead to difficulty in diagnosing and 
treating this pathology.
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Figure 2 Histopathologic images. A: Histologic appearance of heterotopic pancreas in the stomach; B: High power view of heterotopic pancreas demonstrating 
pancreatic acinar and ductal architecture.

Dyspepsia
The majority of cases identified in this series reported symptoms consistent with epigastric abdominal 
pain, bloating, belching and nausea which are typically associated with eating. This category consisted 
predominantly of patients with gastric lesions. The manifestation of symptoms has been thought to be 
related to local chemical irritation of the gastric mucosa by products of the exocrine pancreas[87]. This 
acts as an inciting factor that then may lead to inflammatory mucositis and subsequent gastritis or 
duodenitis, with or without ulceration. As many of these patients present with identical symptoms to 
those with peptic ulcer disease (PUD) (and indeed, are often misdiagnosed as such), many authors 
argue that ulceration is the inciting factor and etiology of the majority of symptoms associated with HP
[2,44]. In the series of 34 patients reported by Armstrong et al[41] the extent of mucosal involvement on 
pathology was correlated with symptoms suggesting a causal relationship. In the series published by 
Lai et al[39] comparing the histology of symptomatic and asymptomatic patients, 49% of symptomatic 
patients had mucosal ulcers while asymptomatic patients in their series lacked objective evidence of 
ulceration or gastritis.

Mucosal ulceration in some cases may progress to visceral perforation. This is thought to be the result 
of normal evolution of inflammation seen in peptic ulcer disease, with ulceration of the protective 
mucosal barrier, caused by heterotopic pancreas, acting as the initial catalyst. Perforation may also be 
related the degree of penetration within the gastric wall of the ectopic lesion. Extension of the HP 
lesions through the serosa can be seen in up to 4% of histologically examined specimens[84]. Lesions 
which penetrate deeper through the layers of the gastric wall can lead to transmural inflammation, 
necrosis and perforation of the stomach wall. This theory is supported by the histologic findings 
reported by Martinez et al[51] demonstrating inflammation and fibrosis extending through multiple 
layers of the gastric wall on tissue histology depending on the histologic depth of the lesion. Overall, 
this is a rare complication of HP, with only three identified publications describing visceral perforation 
related to HP[77,121,241]. We report the fourth known case above in Case 3 where the transmural 
gastric ulceration was clearly associated with HP. It is possible that additional cases exist but remain 
undocumented as they may have been treated with omental patching without resection or biopsy. Still, 
this remains an uncommon symptomatic presentation of HP compared to local mucosal ulceration.

While there are clear associations for mucosal ulceration with the symptomatic presentations of HP it 
does not account for all cases. Multiple series including that of Dolan et al[44] report on patients with 
symptoms of dyspepsia who did not exhibit evidence of ulceration or gastritis. This is also supported by 
reports such as that by Ormarsson et al[4] and Barbosa et al[242] which demonstrate resolution of 
symptoms in patients undergoing resection of HP with and without the presence of ulceration. In these 
patients, the etiology of abdominal pain and/or dyspepsia is not fully clear. It has been proposed that 
exocrine secretions into the stomach may affect the pH composition of the gastric lumen leading to 
alterations in the digestive process, gas formation and bloating, although confirmation of this via testing 
of gastric pH in the setting of HP has not been conducted to our knowledge[47]. In addition, it is hard to 
conceive that these lesions, unless the reach a large size, are able to secrete enough volume to 
significantly alter the pH composition of gastric juices.

The majority of patients with HP and dyspeptic symptoms are initially misdiagnosed and managed 
with medical therapy designed for reduction of acid secretion. It is unclear whether traditional 
treatments for gastritis and PUD is beneficial in these patients. If the inciting physiology is chemical 
irritation from pancreatic secretions, then traditionally prescribed therapies to reduce acid secretion 
would be unlikely to help alleviate symptoms. In patients who develop mucosal ulceration there may be 
some plausible benefit that acid reduction may prevent ulcer progression once breakdown of the 
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mucosal barrier has already occurred. However, it is not clear whether this can promote adequate ulcer 
resolution in the setting of HP or prevent future recurrent ulceration since acid secretion is not believed 
to be the causative factor for inflammation or ulceration in this setting[41]. There were few symptomatic 
patients in the reviewed studies who were managed with observation or medical therapy and long term 
follow up was lacking. The single patient treated with medical therapy at our institution (Case 6), 
demonstrated symptomatic improvement and to date, has not returned with recurrent symptoms over 
six years of observation. However, an adequate evaluation of medical management compared to 
surgical or endoscopic resection is lacking and further study is needed to evaluate the optimal treatment 
modality.

Heterotopic pancreatitis
Manifestations of acute and chronic pancreatitis in HP tissues were the second most common 
presentation in our review. Clinical symptoms may include abdominal pain, nausea, vomiting, anorexia 
and weight loss[85,163]. Similar to orthotopic pancreatitis, the most common causes can be related to 
alcohol, medications, smoking, autoimmune disease or inadequate ductal drainage[243]. According to 
the histologic classification system proposed by Heinrich and Fuentes, heterotopic pancreas types I-III 
contain functional pancreatic acini and ductal components. Impaired drainage and outflow obstruction 
of these ducts may lead to pancreatitis and pseudocyst formation[241]. Cystic formation within the 
visceral wall of the stomach or duodenum was demonstrated radiographically in the majority of 
patients with pancreatitis in our series. This was often associated with radiographic signs of stranding, 
edema and inflammation. This pathophysiology is commonly seen in “groove pancreatitis” where 
ectopic pancreatic tissue between the duodenal wall and pancreas lack appropriate enteric drainage 
leading to inflamation and cystic degeneration[244,245].

Diagnosis of heterotopic pancreatitis is made through a combination of clinical presentation, 
radiographic imaging and biochemical evaluation[243,245]. Serum labs may yield mild elevations of 
amylase and lipase however, these levels are usually only modestly elevated, even in the setting of 
severe inflammation due to the relatively small volume of pancreatic tissue within the heterotopic lesion
[235]. Leakage of enzyme-rich pancreatic fluid can cause pancreatic pseudocyst formation within the 
gastric wall producing symptoms of early satiety and gastric outlet obstruction[60]. This finding results 
in the appearance of a cystic structure within the wall of the stomach or bowel and is often mistaken for 
a duplication cyst or mucinous neoplasm[208].

Conservative treatment may be successful in mild cases of this disease process. Investigation of the 
inciting etiology should be performed with cessation of alcohol or smoking when applicable. However, 
in patients with repeated episodes of abdominal pain, oral intolerance and vomiting (as in Case 1 
above), surgical intervention may be required. When accurately diagnosed, drainage of the pseudocyst 
and local excision is typically adequate. However, in patients with recurrent groove pancreatitis or 
cystic degeneration of the duodenal wall, more radical surgical intervention is often required. Groove 
pancreatitis may require pancreaticoduodenectomy in order to resolve recurrent flairs of pancreatitis 
and avoid complications such as duodenal stricturing and necrosis of the pancreatic head. The largest 
series of patients with groove pancreatitis and cystic degeneration of the duodenal wall was published 
by Rebours et al[25] and included 105 patients. In this series, 18% resolved with observation, 43% 
resolved with medical therapy, of which half of these required nutritional support and 39% required 
surgical intervention. The majority of patients underwent a pancreaticoduodenectomy (N=`17) with the 
remainder undergoing endoscopic cyst fenestration, biliary bypass or gastric bypass for symptom 
management[25].

Gastrointestinal bleeding
Gastrointestinal bleeding is a rare but potentially serious presentation of HP. Bleeding may manifest as 
chronic melena as in the two patients in our series (Case 2 and 5). However, there are also reports of 
massive gastrointestinal hemorrhage associated with large volume transfusion and hemodynamic 
instability[86,191]. Martinez et al[51] reported a rate of bleeding of 7% in gastric lesions which was 
supported by the experience of Pang et al[38] who also reported a bleeding rate of 7% in symptomatic 
patients. The largest series of HP published by Dolan et al[44] from the Mayo Clinic evaluated 212 cases 
of HP of which 40 were discovered due to clinical symptoms. Of these, 7 patients (17.5%), presented 
with anemia and or evidence of gastrointestinal bleeding. Overall, the rate of patients presenting with 
gastrointestinal bleeding in pooled analysis of the literature was 9%.

The etiology of bleeding in patients with heterotopic pancreas is believed to be related to ulceration of 
the gastric mucosa overlying the aberrant lesion. As described previously, chemical irritation and 
inflammation can lead to disruption of the mucosal barrier while pancreatic enzymes, such as elastase, 
may cause thinning and erosion into the walls of underlying vasculature. Ulceration as the source of 
gastrointestinal bleeding is supported by the series put forth by Pang and colleagues which reported 
ulcerated mucosa in pathologic specimens from patients with evidence of bleeding[38,86]. However, 
this does not account for all reported cases of bleeding related to HP as there are several cases of 
documented bleeding and anemia in which the mucosa overlying the resected lesion was found to be 
intact[246]. One proposed explanation for this is through the concept of hemorrhagic “suffusion”. This 
idea, originally proposed by Madinaveita and Loma, and later described by Hudock and colleagues 
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speculates that chronic inflammation from heterotopic lesions leads to edema and congestion in the 
gastric submucosa[191,247]. Congestion of the fragile vasculature in the submucosa may lead to 
bleeding and diapedesis into the gastric lumen.

Definitive management of major bleeding caused by heterotopic pancreatic lesions is primarily 
through resection. There is no clear role for medical management in gastric bleeding related to HP. Even 
among those patients with bleeding related to gastric ulceration, traditional medical management for 
gastric ulceration is of questionable utility as the presumed etiology of mucosal ulceration is not related 
to acid secretion. However, there may be an argument that medical therapy may reduce the potential of 
gastric secretions to propagate ulceration in the setting of an already disrupted mucosal barrier from 
HP. In the setting of acute gastrointestinal bleeding, endoscopic therapies can be utilized to control 
hemorrhage but ultimately, resection of the offending lesion should be considered. There have been 
reports of endoscopic submucosal dissection and resection of HP in patients with melena and chronic 
anemia[14,18]. However, surgical resection remains the preferred management of a bleeding mass in 
most cases. This may be achieved with localized partial gastrectomy or duodenectomy in the setting of 
small lesions and more extensive resection and reconstructions can often be avoided.

Gastric outlet obstruction
Gastric outlet obstruction is the source of symptomatic presentation in 9% of patients based on our 
review. The most common location for lesions arising in the stomach is the distal antrum, accounting for 
85-96% of cases[94]. Given the proximity to the pylorus, growth of these lesions may lead to obstruction 
of the pyloric channel. While complete gastric outlet obstruction is possible, the more common scenario 
is partial or intermittent obstruction from a ball-valve occlusion or protrusion of the mass into the 
pylorus[51]. Symptoms associated with this process include abdominal pain, nausea, intermittent 
vomiting, bloating and anorexia[81,162]. Gastric outlet obstruction is a common presentation in infants 
and pediatric patients where smaller lesions can easily occlude the pyloric channel[32,247]. 
Nevertheless, obstruction is also seen in adults where ectopic lesions grow to a size that can lead to 
mechanical obstruction as seen in Case 4[41]. Lesions that are small and otherwise asymptomatic for 
decades, may also become acutely symptomatic in setting of inflammation and edema[60,92]. Likewise, 
the development of cysts and fluid collections within the wall of the stomach may grow to a size that 
can impede gastric emptying[163]. Some have also proposed that HP lesions may cause functional 
obstruction due to pyloric spasm[28].

Definitive management involves gastric decompression with a nasogastric tube and surgical 
correction of the obstruction. Surgical resection in these scenarios will typically require a more extensive 
resection than local excision or wedge resection as lesions causing obstruction are typically large (> 2 
cm) and located at or near the pylorus or duodenum. Distal gastrectomy with a Billroth I, Billroth II or 
Roux-en-Y reconstruction are the most common operations performed for gastric lesions causing 
obstruction while partial duodenectomy or pancreaticoduodenectomy may be required in the 
obstructing lesion in the duodenum. If the lesion is small with a large cystic component causing 
obstruction and the pathology of the lesion is definitively known prior to surgery, a less extensive 
resection can be accomplished with preservation of the pylorus[95]. In the case series published by 
Ayantunde et al[28], two out of three cases of gastric outlet obstruction underwent distal gastrectomy 
while one underwent an anterior gastrotomy and local resection of the submucosal lesion. The majority 
of studies reviewed in the literature however, reported more extensive surgical resection and 
reconstruction procedures[14,58,64,244].

Evaluation and treatment
Regardless of the presenting symptoms, accurate diagnosis of HP can alter management and affect 
surgical decision making. Appropriate imaging and diagnostic studies must be ordered and evaluated 
carefully if suspicion for HP is high. Lesions of sufficient size can be identified with computed 
tomography, MRI, and fluoroscopy. When found within the stomach, HP tissue is typically seen along 
the greater curvature within 6 cm of the pylorus[238]. On CT, uncomplicated HP tissue will present as a 
soft tissue mass within the wall of the stomach, exhibiting similar enhancement and attenuation charac-
teristics to that of normal pancreatic tissue[17] (Figure 3). However, the attenuation can be variable 
depending upon the dominant cellular type in the HP tissue, as there are pathologically different 
structures of heterotopic tissue described and characterized Heinrich's classification system[95,248]. Due 
to the variable enhancement of the HP tissue, it can sometimes be difficult to differentiate it from a 
gastrointestinal stromal tumor (GIST) or other common submucosal lesions[163]. In the setting of 
elevated pancreatic enzymes, sequelae of acute inflammation can be identified surrounding the ectopic 
tissue (Figure 4). On MRI the imaging of HP tissue will follow the signal intensity and enhancement 
characteristics of the native pancreas on all sequences. The HP tissue will demonstrate high signal 
intensity similar to that of the native pancreas on non-contrast T1 weighted imaging and demonstrate 
avid enhancement on post contrast images[234] (Figure 5). Barium fluoroscopy may also demonstrate a 
characteristic rounded filling defect with central indentation[241] (Figure 6).

Further diagnostic workup may require biochemical evaluation of serum amylase, lipase or, in some 
cases, tumor markers and/or endoscopic investigation[249]. EGD will typically demonstrate the 
presence of a submucosal mass which may be associated with a central umbilication and or ulceration. 
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Figure 3 Coronal (A), axial (B), and (C) sagittal images of the abdomen and pelvis following the administration of IV contrast 
demonstrates enhancing heterotopic pancreatic tissue within the wall of the stomach along the lesser curvature (white arrows). The 
heterotopic pancreatic tissue is intramural in location and demonstrates similar attenuation characteristics of the adjacent pancreatic tissue seen on the coronal and 
sagittal images (white arrowhead).

Figure 4 Computed tomography images. A: Axial image demonstrating heterotopic pancreatic tissue within the stomach (white arrow). B: Axial image 
demonstrating heterotopic pancreas (white arrow) with associated psudocyst (white arrowhead). C: Coronal reformatted image demonstrating heterotopic pancreas 
tissue (white arrow) with associated pseudocyst (arrowhead) causing gastric outlet obstruction.

Figure 5 Non-contrast axial T1 weighted (A), coronal T2 weighted (B), and coronal postcontrast T1 weighted (C) images show a lesion 
within the first portion of the duodenum (white arrow) demonstrating T1 pre-contrast hyperintense signal similar to that of the adjacent 
pancreas (white arrowhead). This tissue shows similar imaging characteristics of the adjacent pancreatic tissue on the T2 coronal and T1 coronal post contrast 
images.

At centers with expertise in endoscopic ultrasound, this modality may be helpful in determining the 
size, location and depth of penetration within the visceral wall. Final determination is achieved by tissue 
biopsy. This can often be difficult in the setting of ulceration, cystic degeneration and in lesions that are 
located within the outer wall of the viscera and EUS will may help facilitate accurate targeting and 
biopsy.
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Figure 6 Single spot image of the stomach on a barium fluoroscopic study demonstrates an intraluminal filling defect within the stomach 
with a central indentation (arrow) consistent with pancreatic heterotopia.

Accurate identification of HP in the diagnostic workup is an important factor in determining 
appropriate management. Unfortunately, many patients are misdiagnosed or assumed to have 
alternative pathology at the time of surgery. The range of clinical and radiographic findings makes 
proper pre-operative identification difficult, especially in the context of a relatively rare anatomic 
anomaly. Most lesions are mistakenly identified as malignant or premalignant pathology. This often 
affects the surgical decision making and may lead to a more extensive resection than would otherwise 
be required. This is evident in studies such as the one performed by Zhang et al[9] which reported that 
over 54% of patients with HP were misdiagnosed preoperatively. Many of the lesions were presumed to 
represent malignancy and underwent extensive resections. In our series, 18 patients underwent subtotal 
gastrectomy, 78 underwent distal gastrectomy and reconstruction and 168 underwent a pancre-
aticoduodenectomy. As the majority of HP lesions are benign and do not involve the entire visceral 
wall, many are amenable to local or endoscopic resection. Overall, we identified 158 cases of local 
endoscopic resection in our series. The largest series was published by Zhou et al[6] who reported 
endoscopic submucosal dissection in 78 symptomatic patients with good results. In this series, the 
majority of patients had lesions located in the submucosa or lamina propria and were less than 1cm in 
size. Likewise, the series published by Zhong et al[14] included 30 patients of which 90% were under 
2cm in size. Thus, an endoscopic approach is a reasonable intervention in pathologically confirmed HP, 
< 2 cm in size in the submucosa.

Limitations
There are several limitations to this study. First, the relatively rare presentation of the disease process 
makes it difficult to identify a sufficiently large patient population to analyze and draw conclusions 
from. For this reason, we combined our single institution experience with that of a cohort derived from 
a literature review in order to evaluate a meaningful number of symptomatic cases. This type of analysis 
can be subject to inconsistency due to the differences in reporting, and classification of symptomatic 
cases in the literature. Likewise, a cohort derived from retrospective review of the literature may lead to 
selection bias as only those cases which are clearly symptomatic or associated with a higher level of 
severity are reported, potentially neglecting less symptomatic or milder cases. However, given the 
paucity of data and characterization of this abnormality, the reporting of the known literature and 
experience of HP in a conglomerate population may be important in the understanding and 
management of patients and to help guide future analysis and treatment decisions.

CONCLUSION
Heterotopic pancreatic tissue is a relatively rare anatomic anomaly that is found within the stomach and 
gastrointestinal tract. While numerous case reports of this pathology exist within the literature, there are 
few large volume studies that describe and characterize the clinical significance of this disease process. 
Review of a single institutional series and the available literature identified four categories of 
symptomatic features that occur within the upper gastrointestinal system. Many of these lesions are 
misdiagnosed and undergo invasive surgical resection. Better understanding of the clinical presentation 
and diagnosis of these lesions may lead to improved treatment and reduction of unnecessary surgical 
resection.
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ARTICLE HIGHLIGHTS
Research background
Heterotopic pancreas (HP) is a rare embryologic anomaly that occurs when aberrant pancreatic tissue 
develops independently from the main body of the main body of the pancreas. This can occur 
throughout the body and develop in various tissues however, this most commonly occurs in the 
stomach and duodenum. While the majority of these lesions are asymptomatic, many have the potential 
to cause harmful clinical manifestations.

Research motivation
Symptomatic heterotopic pancreas is difficult to identify and often mimics common upper 
gastrointestinal pathology making diagnosis and treatment challenging. Symptomatic cases of HP often 
require surgical or endoscopic management however, the optimal treatment strategy is poorly 
understood at this time and patients often undergo radical resection.

Research objectives
The purpose of this study was to review the cases of symptomatic HP at a single, high volume academic 
institution and compare these with a cohort of patients derived from a systematic review of 
symptomatic cases in the English literature. This combined cohort was used to classify the common 
presentation and clinical symptoms for HP and identify the various treatment options.

Research methods
A retrospective review was conducted of pathologic specimens containing heterotopic pancreas at a 
single, high volume, academic medical center. Symptomatic cases were identified and analyzed for 
details related to presentation, symptoms and treatment. A systematic review was then conducted 
utilizing Embase and PubMed databases for publications in English which pertained to heterotopic 
pancreas. Publications which included symptomatic cases of HP were included for final literature 
analysis and results were tabulated into a final cohort for review.

Research results
Institutional review: Twenty-nine cases of HP were identified at a single institution, of which, six 
presented with symptoms (20%). Two patients (7%) presented with elevated lipase and evidence of 
pancreatitis within the heterotopic lesion, two patients presented with gastrointestinal bleeding or 
anemia, one patient (3.4%) presented with perforated gastric ulceration related to a heterotopic lesion, 
and one patient presented with gastric outlet obstruction from a HP lesion located at the pylorus.

Systematic review: Literature review resulted in identification of 1220 unique publications related to 
HP of which 232 publications met inclusion criteria and were reviewed. The final cohort of patients was 
934 patients. Analysis of symptomatic cases revealed that the majority of cases could be classified into 
the following: (1) Dyspepsia, which included symptoms of epigastric pain, eructation, nausea or 
bloating with meals (n = 445, 48%); (2) Pancreatitis within the ectopic lesion (n = 260, 28%); (3) 
Gastrointestinal bleeding (n = 80, 9%); and (4) Gastric outlet obstruction (n = 80, 9%). 37 patients 
presented with jaundice and biliary obstruction due to periampullary lesions (4%), and 3 patients 
presented with perforated ulcers. The majority of patients underwent surgical or endoscopic resection (n 
= 832, 90%) and 85% of reported cases indicated symptom resolution. However, most patients 
underwent some form of formal anatomic resection (n = 490, 61%) most commonly related to improper 
diagnosis preoperatively and few benefited from local surgical or endoscopic resection.

Research conclusions
Heterotopic pancreas is a rare condition but has the ability to manifest severe clinical symptoms. These 
most commonly arise in the stomach and duodenum and can be classified within for main categories. 
Improved recognition and diagnosis of this disease process may help guide treatment recommendations 
and improve outcomes for patients.

Research perspectives
Prospective evaluation of medical and interventional therapies is needed to determine the most 
appropriate treatment for the different manifestations for heterotopic pancreas.
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Abstract
BACKGROUND 
The phosphorylation status of β-arrestin1 influences its function as a signal 
strongly related to sorafenib resistance. This retrospective study aimed to develop 
and validate radiomics-based models for predicting β-arrestin1 phosphorylation 
in hepatocellular carcinoma (HCC) using whole-lesion radiomics and visual 
imaging features on preoperative contrast-enhanced computed tomography (CT) 
images.

AIM 
To develop and validate radiomics-based models for predicting β-arrestin1 
phosphorylation in HCC using radiomics with contrast-enhanced CT.

METHODS 
Ninety-nine HCC patients (training cohort: n = 69; validation cohort: n = 30) 
receiving systemic sorafenib treatment after surgery were enrolled in this 
retrospective study. Three-dimensional whole-lesion regions of interest were 
manually delineated along the tumor margins on portal venous CT images. 
Radiomics features were generated and selected to build a radiomics score using 
logistic regression analysis. Imaging features were evaluated by two radiologists 
independently. All these features were combined to establish clinico-radiological 
(CR) and clinico-radiological-radiomics (CRR) models by using multivariable 
logistic regression analysis. The diagnostic performance and clinical usefulness of 
the models were measured by receiver operating characteristic and decision 
curves, and the area under the curve (AUC) was determined. Their association 
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with prognosis was evaluated using the Kaplan-Meier method.

RESULTS 
Four radiomics features were selected to construct the radiomics score. In the multivariate 
analysis, alanine aminotransferase level, tumor size and tumor margin on portal venous phase 
images were found to be significant independent factors for predicting β-arrestin1 
phosphorylation-positive HCC and were included in the CR model. The CRR model integrating 
the radiomics score with clinico-radiological risk factors showed better discriminative performance 
(AUC = 0.898, 95%CI, 0.820 to 0.977) than the CR model (AUC = 0.794, 95%CI, 0.686 to 0.901; P = 
0.011), with increased clinical usefulness confirmed in both the training and validation cohorts 
using decision curve analysis. The risk of β-arrestin1 phosphorylation predicted by the CRR model 
was significantly associated with overall survival in the training and validation cohorts (log-rank 
test, P < 0.05).

CONCLUSION 
The radiomics signature is a reliable tool for evaluating β-arrestin1 phosphorylation which has 
prognostic significance for HCC patients, providing the potential to better identify patients who 
would benefit from sorafenib treatment.

Key Words: Hepatocellular carcinoma; Sorafenib resistance; β-Arrestin1 phosphorylation; Radiomics; 
Computed tomography; Overall survival

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The aim of this study was to develop and validate radiomics-based models for predicting β-
arrestin1 phosphorylation in hepatocellular carcinoma (HCC). A total of 99 HCC patients (training cohort: 
n = 69; validation cohort: n = 30) were included, and the final clinico-radiological-radiomics model 
integrating the radiomics scores and clinico-radiological risk factors showed satisfactory discriminative 
performance (AUC = 0.898, 95%CI, 0.820 to 0.977). The preoperative prediction model can be used as a 
noninvasive and effective tool to help predict the outcome of HCC patients treated with sorafenib and 
identify patients who would benefit most from sorafenib treatment.

Citation: Che F, Xu Q, Li Q, Huang ZX, Yang CW, Wang LY, Wei Y, Shi YJ, Song B. Radiomics signature: A 
potential biomarker for β-arrestin1 phosphorylation prediction in hepatocellular carcinoma. World J Gastroenterol 
2022; 28(14): 1479-1493
URL: https://www.wjgnet.com/1007-9327/full/v28/i14/1479.htm
DOI: https://dx.doi.org/10.3748/wjg.v28.i14.1479

INTRODUCTION
Hepatocellular carcinoma (HCC) was the sixth most common cancer and the third leading cause of 
cancer-related death worldwide in 2020[1]. Liver resection and transplantation are considered 
potentially curative methods for early-stage patients with well-preserved liver function. For advanced-
stage HCC, systemic therapies such as multikinase inhibitors and immune checkpoint inhibitors, 
represented by sorafenib, have shown the potential to confer a survival advantage of 2-3 mo[2,3]. 
However, patients undergoing sorafenib treatment have a high resistance rate, which is still the greatest 
challenge and leads to a discouraging prognosis[3]. Hence, identifying patients who are more likely to 
benefit from sorafenib treatment and discovering related biomarkers associated with sorafenib 
treatment response are urgently needed.

β-Arrestins, including β-arrestin1 and β-arrestin2, are important regulators of seven-transmembrane 
domain G-protein-coupled receptors. They can block subsequent G protein activation and result in 
receptor desensitization by phosphorylation/dephosphorylation of β-arrestin1 at a carboxyl-terminal 
serine, Ser-412[4,5]. The development of sorafenib resistance includes primary and secondary resistance, 
and the phosphorylation of ERK has been widely accepted to play an important role in both[6-8]. 
Activation of AKT and epithelial-mesenchymal transition (EMT) also participates in acquired resistance 
and the signaling pathways mentioned above have strong relationships with β-arrestin1[9-11]. Wu et al 
revealed that β-arrestin1 enhances hepatocellular carcinogenesis by inflammation-mediated Akt 
signaling[12] and promotes HCC invasion and metastasis through p-ERK1/2 to mediate EMT[13]. The 
phosphorylation status of β-arrestin1 influences its function in activating downstream receptors such as 
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ERK1/2, forming a negative feedback loop[14]. All these signals are highly related to sorafenib 
resistance[9,15], which indicates that the expression of phosphorylated β-arrestin1 (p-β-arrestin1) may 
correlate with sorafenib resistance in HCC patients. Thus, the preoperative prediction of β-arrestin1 
phosphorylation may help identify patients who could benefit from sorafenib treatment.

Radiomics is a newly emerging computational medical imaging method that allows for the 
quantitative analysis and translation of medical images[16,17]. Additionally, radiomics studies can 
provide insights into the depth and comprehensive characterization of tumor heterogeneity, with the 
underlying hypothesis that radiomics can better characterize tumor heterogeneity[18-20]. Preliminary 
studies have suggested that radiomics features can be useful for tumor lesion detection[18,21] and are 
potentially predictive of the microenvironment and molecular status of tumors[16,22,23]. Xu et al[24] 
extracted radiomics signatures from contrast-enhanced computed tomography (CECT) images to build 
a risk model that showed good performance in microvascular invasion stratification and could well 
predict the clinical outcomes of HCC patients. To the best of our knowledge, the value of radiomics 
based on CECT images in predicting β-arrestin1 phosphorylation in HCC has not yet been reported.

The purpose of this study was therefore to develop and validate a radiomics-based model combining 
visual imaging and clinical features for the preoperative noninvasive prediction of β-arrestin1 
phosphorylation and to further investigate its association with prognostic outcomes in HCC patients.

MATERIALS AND METHODS
Patients
This retrospective study was approved by the Institutional Review Board of West China Hospital and 
the requirement for informed consent was waived. Patients who had histologically proven HCC and 
received systemic treatment with sorafenib after surgery between January 2013 and April 2017 were 
retrospectively reviewed and consecutively recorded. The inclusion criteria were as follows: (1) Age ≥18 
years; (2) Pathologically confirmed HCC; (3) Interval between CECT imaging and surgery less than four 
weeks; (4) Treatment naive [i.e., no hepatectomy, transcatheter arterial chemoembolization (TACE) or 
radiofrequency ablation (RFA) before CECT]; and (5) Administration of 400 mg sorafenib twice a day 
after surgery with up to two dose reductions allowed (from 400 mg once daily to 400 mg every 2 d) for 
drug-related adverse events. The exclusion criteria were as follows: (1) Incomplete or poor-quality CT 
images; (2) Interrupted sorafenib treatment for longer than 48 h between the initiation of sorafenib and 
the first follow-up time point; and (3) Death or loss to follow-up. Among the 146 eligible patients, 47 
patients were excluded because CECT imaging was performed more than 4 wk before surgery (n = 13), 
the CT images were incomplete or of poor quality (n = 11), sorafenib treatment was interrupted for 
longer than 48 h between the initiation of sorafenib and the first follow-up time point (n = 8), or the 
patient was lost to follow-up (n = 15). Therefore, 99 patients were ultimately enrolled in this study. In 
addition, the investigated laboratory data within 7 days of the CT examination and clinical conditions 
were recorded, as shown in Figure 1.

In this study, consecutive patients who underwent surgery between January 2013 and March 2016 
comprised the training cohort and were used to construct the nomograms, and patients who underwent 
surgery from April 2016 to April 2017 comprised the validation cohort.

Imaging techniques
CT imaging was performed by using multidetector CT scanners (Revolution, GE Healthcare, 
Milwaukee, United States; SOMATOM definition, Siemens Healthcare, Erlangen, Germany). Precontrast 
images were first obtained before contrast agent (iodine concentration, 300-370 mg/mL; volume, 1.5-2.0 
mL/kg of body weight; contrast type, iopromide injection, Bayer Pharma AG) injection. Then, the 
arterial phase and portal venous phase were obtained with the following parameters: tube voltage, 100-
120 kVp; tube current, 450 mA; slice thickness, 0.625 mm; pitch, 0.992:1; rotation speed: 0.5 s/rot; and 
ASIR-V: 30%. The arterial phase and portal venous phase were obtained at 25 s and 60 s after contrast 
injection.

Imaging evaluation
Three abdominal radiologists who were blinded to the histopathological results, clinical data, and 
survival outcomes reviewed all the CT images. The following imaging features were assessed by these 
readers: (1) Tumor margin, defined as a non-smooth margin with budding portion protruding into the 
liver parenchyma or infiltrative appearance at the tumor periphery, otherwise as smooth margin; (2) 
Tumor size, defined as the maximum diameter, measured on arterial phase transverse images or portal 
venous phase images; (3) Pseudocapsule, defined as a complete capsule with a uniform border around 
most or all of the tumor, unequivocally thicker or more conspicuous than the fibrotic tissue around 
background nodules, otherwise as incomplete integrity or not applicable; (4) Multifocality; (5) Arterial 
phase hyperenhancement; (6) Portal venous/delay phase hypoenhancement; (7) Radiologic evidence of 
necrosis; (8) Radiologic evidence of cirrhosis; and (9) Portal vein tumor thrombosis invasion. All 
examinations were performed using a workstation and recorded on a picture archiving and 
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Figure 1 Patient recruitment process. 

communication system.

Immunohistochemistry
Surgically resected specimens embedded in paraffin were cut into 4 μm-thick sections dewaxed, 
hydrated, and subjected to antigen retrieval. Subsequently, the tissue slides were incubated with 
primary antibodies using rabbit anti-human p-β-arrestin1 polyclonal antibody (Abcam Biotechnology, 
ab247229; diluted, 1:200) at 4 °C overnight, followed by incubation with secondary antibodies (cat # 
K5007; Dako). Staining was performed with 3,3’-diaminobenzidine (DAB) and counterstained with 
hematoxylin. Two senior pathologists who were blinded to all radiological and clinical results 
independently selected five nonoverlapping and discontinuous regions to calculate the mean for 
statistical analysis. Variations in the results within a range of 5% were reassessed, and a consensus 
decision was made. With the threshold value of 5% (p-β-arrestin1 tumor cells/total tumor cells), cases 
with expression higher than 5% were considered p-β-arrestin1 positive.

Follow-up surveillance after surgical resection
The patients were consistently followed-up after liver resection at intervals of 3 to 6 mo based on α-
fetoprotein and imaging examinations, including ultrasound, CT or magnetic resonance imaging (MRI), 
and the time of disease-specific progression (local recurrence or distant organ metastasis) and time of 
death were recorded. These survival data were collected by one radiologist using electronic medical 
records and follow-up imaging studies until June 30, 2020. Overall survival (OS) was measured as the 
interval from the date of surgery to the date of death from a disease-related cause or the latest follow-
up. For patients who were alive at the latest follow-up, the data were censored.

Radiomics workflow
Regions of interest (ROIs) were manually delineated around the outline of the tumor slice by slice using 
ITK-SNAP software (version 3.6.0) and excluded necrosis and calcification in the tumors. Radiomics 
features were generated from the images using in-house scientific research 3D analysis software 
(Analysis Kit, version V3.0.0. R, GE healthcare). Two classes of feature extraction methods were 
extracted as follows: the original feature class and 14 filter classes (boxmean, additiveGaussiannoise, 
binomialblurimage, curvatureflow, boxsigmaimage, log, wavelet, normalize, laplaciansharpening, 
discreteGaussian, mean, specklenoise, recursiveGaussian and shotnoise). A total of 2600 features were 
extracted from the tumors. Two radiologists (readers 1 and 2) performed ROI segmentation in a blinded 
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manner to assess interobserver reliability. Reader 1 repeated the feature extraction twice during a 1-wk 
period to evaluate intraobserver reliability. The interobserver reliability and intraobserver reliability 
were assessed by obtaining the intraclass correlation coefficient (ICC). Features with ICC values > 0.75 
were selected for subsequent investigation. The feature selection process comprised the following three 
steps in the training group: variance analysis, Spearman correlation, and Lasso regression analysis. The 
radiomics score of each patient was calculated using this determined multivariable logistic regression 
model.

Prediction models of β-arrestin1 phosphorylation
For CT radiographic and clinical factors, predictors with P < 0.05 in the univariate logistic analysis (P < 
0.05) were included. Multivariate logistic analysis, which was used to identify significant predictors 
based on a backward stepwise selection process with the Akaike information criterion, was employed to 
develop a clinical-radiological (CR) model. In addition, a clinical-radiological-radiomics (CRR) model 
was constructed by multivariate logistic regression analysis, tests of the association with radiomics 
scores, clinical factor evaluations and CT imaging findings based on a backward stepwise selection 
process with the Akaike information criterion.

Statistical analysis
Categorical variables are summarized as frequencies and proportions, while continuous variables are 
expressed as the means and standard deviations or medians and interquartile ranges (IQRs). The 
differences in characteristics between groups were evaluated using Student’s t test (normal distribution) 
and the Mann-Whitney U test (skewed distribution) for continuous variables and the chi-squared test or 
Fisher’s exact test for categorical variables. OS curves were drawn by using the Kaplan-Meier method, 
and the difference in OS between groups was compared using the log-rank test. Inter-observer 
agreement was applied to assess the reliability of imaging analysis using the Kappa test; 0-0.2 represents 
slight, 0.21-0.40: fair, 0.41-0.60: moderate, 0.61-0.80: substantial, 0.81-1: excellent.

The discriminative performance of the prediction models was quantified by the area under the curve 
(AUC) of receiver operator characteristic (ROC) curves. Differences in the ROC curves were compared 
by using the DeLong test. Calibration curves were generated to assess the calibration of the prediction 
model with the Hosmer-Lemeshow test. The probabilities of net benefits were quantified by decision 
curve analysis to evaluate the clinical application value of the prediction models.

The statistical analyses were implemented using R statistical software (version 3.4.2, http://www.R-
project.org) and SPSS software (version 22.0, IBM), and two-sided P values < 0.05 were considered 
significant.

RESULTS
Patient characteristics
Of the 99 patients [male/female: 88/11; mean age, 51.53 ± 12.62 years, range 21 to 78 years) included in 
the study (training (n = 69) and validation (n = 30)], p-β-arrestin1 was identified in 39 (39.4%) patients. 
The 3-year survival rates of p-β-arrestin1-positive and p-β-arrestin1-negative HCC patients were 38.5% 
and 31.7%, respectively. The Kaplan-Meier method showed that p-β-arrestin1-positive patients lived 
longer than p-β-arrestin1-negative patients (P < 0.05 with the log-rank test). The clinical, pathological, 
and imaging characteristics of patients in the training and validation cohorts are summarized in Table 1.

Development of the radiomics score
Variance analysis using t test identified 15 radiomics features, assessed by Spearman rank correlation, 
and 4 features (boxsigmaimage_glrlm_RunLengthNonUniformity, wavelet_firstorder_wavelet-HLL-
Skewness, wavelet_glcm_wavelet-HLH-Correlation, and wavelet_ngtdm_wavelet-LHL-Busyness) were 
chosen for logistic regression analysis (P > 0.05). Variables with P < 0.1 in the univariable logistic 
regression analysis were included in the multivariable regression model with backward stepwise 
selection using the Akaike information criterion. The radiomics score was calculated with the following 
formula: radiomics score = -0.3527 + 0.4748 × boxsigmaimage_glrlm_RunLengthNonUniformity + 
0.7046 × wavelet_firstorder_wavelet-HLL-Skewness-0.5697 × wavelet_glcm_wavelet-HLH-Correlation + 
0.6471 × wavelet_ngtdm_wavelet-LHL-Busyness.

Development of the predictive models
In total, 2 clinical characteristics [alanine aminotransferase (ALT) and aspartate aminotransferase (AST) 
levels], 2 imaging features (tumor size and tumor margin on portal venous phase images) and the 
radiomics score were identified by univariate analysis (all P < 0.1). In the multivariable logistic 
regression analysis, radiomics score [odds ratio (OR), 3.412; 95%CI: 1.562-7.453, P = 0.002], ALT level 
(OR, 0.159; 95%CI: 0.038-0.673, P < 0.012), tumor size (OR, 0.243; 95%CI: 0.059-1.003, P = 0.05) and tumor 
margin (OR, 0.170; 95%CI: 0.044-0.664, P = 0.011) significantly predicted β-arrestin1 phosphorylation 
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Table 1 Baseline characteristics of the patients in the training and validation cohorts

Variables Training cohort (n = 69) Validation cohort (n = 30) P value

Age, mean ± SD, yr 51.00 ± 13.019 52.73 ± 11.776 0.269

Gender 0.751

Male 61 (88.4) 26 (86.7)

ALT (IU/L) 0.375

< 40 44 (63.8) 16 (53.5)

AST (IU/L) 0.829

< 35 32 (46.4) 13 (43.4)

ALB (g/L) 0.612

< 40 15 (21.7) 8 (26.7)

GGT (μ/L) 0.817

< 45 24 (34.8) 9 (30.0)

TBIL (μmol/L) 0.828

< 17.1 39 (56.5) 16 (53.3)

PLT (× 109/L) 0.791

< 100 14 (20.3) 7 (23.3)

PT(s) 0.596

< 9.6 or > 12.8 16 (23.2) 5 (16.7)

AFP (ng/mL) 0.279

< 400 34 (49.3) 11 (36.7)

CEA (ng/mL) 0.798

< 3.4 53 (76.8) 24 (80.0)

HBsAg 0.270

Positive 61 (88.4) 29 (96.7)

MVI 0.827

Absent 36 (52.2) 17 (56.7)

Present 33 (47.8) 13 (43.3)

Differentiation 0.661

Highly 37 (53.6) 18 (60.0)

Middle-Low 32 (46.4) 12 (40.0)

BCLC 0.254

0-A 9 (13.0) 8 (26.7)

B 28 (40.6) 10 (33.3)

C 32 (46.4) 12 (40.0)

Child-Pugh Score 0.770

< 3 57 (82.6) 26 (86.7)

Morphologic CT features

Tumour size 0.499

< 5 cm 24 (34.8) 13 (43.3)

Multifocality 0.351

1 49 (71.0) 18 (60.0)

≥ 2 20 (29.0) 12 (40.0)
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Tumour margin 0.661

Smooth 32 (46.4) 12 (40.0)

Non-smooth 37 (53.6) 18 (60.0)

Pseudo–capsule 0.824

Well-defined 27 (39.1) 13 (43.3)

Ill-defined 42 (60.9) 17 (56.7)

AP hyperenhancement 0.448

No 5 (7.2) 4 (13.3)

Yes 64 (92.8) 26 (86.7)

PVP hypoenhancement 0.430

No 4 (5.8) 3 (10.0)

Yes 65 (94.2) 27 (90.0)

Radiologic evidence of necrosis 0.822

Absent 25 (36.2) 12 (40.0)

Present 44 (63.8) 18 (60.0)

Radiologic evidence of cirrhosis 0.654

Absent 45 (65.2) 18 (60.0)

Present 24 (34.8) 12 (40.0)

Portal vein tumor thrombosis invasion 0.186

Absent 43 (62.3) 14 (46.7)

Present 26 (37.7) 16 (53.3)

Note: Unless otherwise indicated, data are the number of patients, and data in parentheses are percentages. AFP: Alpha-fetoprotein; CEA: 
Carcinoembryonic antigen; HBsAg: Hepatitis B surface antigen; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TBIL: Total bilirubin; 
ALB: Albumin; PT: Prothrombin time; PLT: Platelet count; GGT: γ-glutamyl transpeptidase; MVI: Microvascular invasion; BCLC: Barcelona Clinic Liver 
Cancer; SD: Standard deviation; AP: Arterial phase; PVP: Portal venous phase.

(Table 2). Thus, the CR and CRR models were constructed by using the above aggressive features and 
the nomograms of the above multiparametric models are shown in Figure 2A and B. Excellent interob-
server agreement was observed for the imaging feature evaluation, with Kappa values of 0.890 for 
tumor size and 0.789 for smooth tumor margin (Figure 3).

Predictive performance of the models
In the training cohort, the AUCs of the radiomics score, CR model and CRR model were 0.754 (95%CI: 
0.640-0.868), 0.794 (95%CI: 0.686-0.901) and 0.898 (95%CI: 0.820-0.977), respectively. The CRR model had 
a significantly higher AUC than the radiomics score (P = 0.007) and the CR model (P = 0.011). In the 
validation cohort, the AUCs of the radiomics score, CR model and CRR model were 0.704 (95%CI: 0.454-
0.953), 0.646 (95%CI: 0.411-0.880) and 0.735 (95%CI: 0.505-0.966), respectively. The diagnostic perfo-
rmance of the radiomics score and two models is shown in Table 3 and Figure 2C and D. The calibration 
curve of all the models showed excellent agreement between the predictions and observations in both 
the training and validation cohorts (all P > 0.05) (Figure 2E and F). The decision curve showed that the 
CRR model had the largest overall net benefit compared with the treat-all-patients as p-β-arrestin1 
positive and treat-none patients as p-β-arrestin1 negative across the full range of reasonable threshold 
probabilities (Figure 4).

Risk stratification with p-β-arrestin1 predicted by the CRR model
According to the risk of β-arrestin1 phosphorylation predicted by the CRR model, patients with p-β-
arrestin1 positivity lived longer than those with p-β-arrestin1 negativity using the log-rank test (P < 
0.05) in both the training and validation cohorts (Figure 5).
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Table 2 Univariate and multivariate regression analyses of the p-β-arrestin1-positive and p-β-arrestin1-negative groups in the training 
cohort

Variables Univariable analysis Multivariable analysis

OR (95%CI) P value OR (95%CI) P value

ALT 0.237 (0.043-1.292) 0.096a 0.159 (0.038-0.673) 0.012a

AST 0.497 (0.100-2.471) 0.393 - -

Tumor size 0.245 (0.059-1.019) 0.053a 0.243 (0.059-1.003) 0.050a

Tumor margin 0.180 (0.046-0.706) 0.014a 0.170 (0.044-0.664) 0.011a

Radiomics 3.473 (1.574-7.663) 0.002a 3.412 (1.562-7.453) 0.002a

aP value < 0.1.
ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; CI: Confidence interval; OR: Odds ratio.

Table 3 Diagnostic performance of the three models for predicting β-arrestin1 phosphorylation-positive hepatocellular carcinoma

Training group Validation cohort

AUC (95%CI) SPE SEN P value AUC (95%CI) SPE SEN P value

RS 0.754 (0.640-0.868) 53.8 86.7 0.0071 0.704 (0.454-0.953) 47.6 77.8 0.7911

CR 0.794 (0.686-0.901) 87.2 66.7 0.6312 0.646 (0.411-0.880) 81.0 33.3 0.7132

CRR 0.898 (0.820-0.977) 87.2 86.7 0.0113 0.735 (0.505-0.966) 71.4 66.7 0.1473

1AUCs of the radiomics score and clinico-radiological-radiomics model were compared.
2AUCs of the radiomics score and clinico-radiological model were compared.
3AUCs of the clinico-radiological model and clinico-radiological-radiomics model were compared.
RS: Radiomics score; CR: Clinico-radiological; CRR: Clinico-radiological-radiomics; SEN: Sensitivity; SPE: Specificity; AUC: Area under the curve; CI: 
Confidence interval.

DISCUSSION
In this retrospective study, a CT image-based model incorporating qualitative imaging features, clinical 
characteristics and quantitative radiomics features for predicting β-arrestin1 phosphorylation in HCC 
was generated. In addition, in patients treated with sorafenib, we found that p-β-arrestin1-positive HCC 
patients predicted by the CRR model were associated with better prognosis. The CRR model may serve 
as a noninvasive and effective tool to predict HCC patients β-arrestin1 phosphorylation status and help 
select patients who are suitable for sorafenib treatment.

For predicting β-arrestin1 phosphorylation in HCC patients, radiomics features provided increased 
power (AUC = 0.754) and were indicated to be independent predictors for p-β-arrestin1 in the final CRR 
model (P = 0.005). Utilizing the radiomics method, the proposed CRR model yielded an improved 
diagnostic performance in the training cohort (AUC from 0.794 to 0.898) and validation cohort (AUC 
from 0.646 to 0.735), indicating that the combined radiomics approach may have greater value in 
preoperative β-arrestin1 phosphorylation prediction than clinico-radiological features. The reason why 
the CRR model achieved the best predictive performance can be explained by the fact that the final 
model includes both qualitative and quantitative imaging features to provide a comprehensive 
overview of the correlations of radiomics features with HCC pathological status and genomics charac-
teristics[25]. The radiomics signature includes shape, intensity, and texture information, which can 
reflect the complexity of the properties of the target tissue. Previous studies have shown that imaging 
features, including texture features, are informative of the gene expression profiles of HCC lesions, 
which parallels the diversity of molecular activities[26]. Hectors et al found that MRI radiomics features 
are highly associated with HCC immuno-oncological characteristics and can serve as noninvasive 
predictors of its status[27]. A predictive nomogram incorporating a radiomics signature and other 
clinico-radiological factors showed a significantly improved diagnostic performance in cytokeratin19 
stratification of HCC[28]. However, to our knowledge, no other studies have investigated the possible 
value of quantitative analysis integrating clinical factors in predicting β-arrestin1 phosphorylation in 
HCC. Developed in the training cohort and applied to the validation cohort, the radiomics score based 
on CECT images combined with clinico-radiological factors could correctly identify the β-arrestin1 
phosphorylation status of more than 86.7% of the patients in the training cohort and was well validated 
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Figure 2 Performance of the three models. A: The developed clinico-radiological (CR) nomogram; B: The developed clinico-radiological-radiomics (CRR) 
nomogram. Predictor points are found on the uppermost point scale that corresponds to each variable. On the bottom scale, the points for all variables are added and 
translated into a β-arrestin1 phosphorylation positivity probability. C: Comparison of receiver operating characteristic (ROC) curves of the radiomics model, CR model 
and CRR model in the training cohort; D: Comparison of receiver operating characteristic (ROC) curves of the radiomics model, CR model and CRR model in the 
validation cohort. E: Calibration curves of the three models in the training cohort; F: Calibration curves of the three models in the validation cohort. The actual high 
expression of p-β-arrestin1 is represented on the y-axis, and the predicted probability is represented on the x-axis. The closer fit of the solid line to the ideal black 
dotted line indicates a better calibration.
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Figure 3 Representative images of contrast-enhanced computed tomography and β-Arrestin1 phosphorylation (magnification, × 100). A: 
CT images of a 45-year-old man with a 6.3-cm hepatocellular carcinoma (HCC) in the right liver lobe in the plain phase; B: The tumor shows heterogeneous 
hyperenhancement in the arterial phase; C: The tumor shows washout at the portal venous phase with intratumor necrosis, an ill-defined capsule and a non-smooth 
tumor margin. D: Immunohistochemical staining shows a β-arrestin1 phosphorylation-negative status at 100× magnification.

Figure 4 Decision curve analysis for each model. A: Decision curve analysis in the training cohort; B: Decision curve analysis in the validation cohort. The y-
axis measures the net benefit, and the x-axis is the threshold probability. The gray line represents the hypothesis that all patients are β-arrestin1 phosphorylation-
positive. The black line represents the hypothesis that all patients are β-arrestin1 phosphorylation-negative. Among the three models, the clinico-radiological-
radiomics (CRR) model provided the highest net benefit compared with the radiomics and clinico-radiological (CR) models.

to serve as a quantitative multiple-feature parameter for the β-arrestin1 phosphorylation-based risk 
stratification of HCC patients. Our study investigates the predictive aspects of computational-assisted 
models for the preoperative prediction of β-arrestin1 phosphorylation status, which currently can now 
only be attained by invasive biopsy or surgery. This computational method can guide clinical 
management by identifying patients for targeted therapy, as most patients recommended for systematic 
treatment according to the Barcelona Clinic Liver Cancer algorithm are not candidates for surgery due 
to their poor condition[29].



Che F et al. Radiomics prediction of β-arrestin1-phosphorylation in HCC

WJG https://www.wjgnet.com 1489 April 14, 2022 Volume 28 Issue 14

Figure 5 Overall survival (OS) curve analysis. A: The OS curve estimates by clinic-radiological-radiomics model in patients with β-Arrestin1 phosphorylation 
positive and β-Arrestin1 phosphorylation negative in the training cohort; B: The OS curve estimates by clinic-radiological-radiomics model in patients with β-Arrestin1 
phosphorylation positive and β-Arrestin1 phosphorylation negative in the validation cohort.

The clinicopathologic features of preoperative serum ALT levels were significantly different in the p-β
-arrestin1-positive and p-β-arrestin1-negative groups in this study. In line with the findings of previous 
studies, serum ALT is an important hepatic inflammation marker that is correlated with liver function. 
Hepatitis infection can simultaneously induce serum ALT increases and β-arrestin1 upregulation, and 
higher serum ALT levels are a feature commonly associated with this subtype of HCC[12]. In clinical 
practice, serum ALT levels can be easily obtained and incorporated into a radiomics model for individu-
alized risk estimation. A larger tumor size and nonsmooth tumor margins were also shown to be 
associated with p-β-arrestin1 expression. This finding is in accordance with previous studies showing 
that β-arrestin1 can promote hepatocellular proliferation via the Akt pathway, and HCCs with higher p-
β-arrestin1 levels are more likely to have an infiltrative growth pattern[13]. Serum AST levels were 
associated with p-β-arrestin1 in the univariate analysis but not the multivariate models, probably 
because of a lack of statistical power due to the insufficient number of patients.

We also found that patients who were p-β-arrestin1-positive lived longer than those who were p-β-
arrestin1-negative. Previous studies have revealed that high expression of β-arrestin1 contributes to 
tumor survival, proliferation, angiogenesis, invasion and metastasis and is associated with the 
prognosis of epithelial ovarian cancer, prostate cancer and lung cancer[30-34]. Although the correlation 
of β-arrestin1 with HCC prognosis has not been investigated, β-arrestin1 has been shown to be 
positively related to HCC carcinogenesis and metastasis[12,13]. Evidence has shown that the sorafenib 
response is impaired in HCC with dysregulated phosphorylated ERK (p-ERK) and AKT (p-AKT) 
activation and that suppression of ERK1/2 increases sorafenib sensitivity in several HCC cell lines[35-
37], while β-arrestin1 can activate PI3K/Akt signaling by Akt phosphorylation and trigger ERK1/2 
phosphorylation-mediated EMT in HCC. Moreover, hyperactive PI3K/AKT signaling has been reported 
to be one of the primary causes of EMT in HCC resistance to sorafenib[35,36,38]. These studies indicate 
that PI3K/AKT signaling and p-ERK1/2-mediated EMT signal hyperactivity may function in β-
arrestin1-induced HCC resistance to sorafenib and further influence the prognosis of HCC patients 
treated with sorafenib, which was consistent with a series of studies recently showing that β-arrestin1 
expression had some correlation with resistance to therapy in several types of cancers, such as breast[39] 
ovarian[40,41] and non-small-cell lung cancer[42]. Increased phosphorylation of β-arrestin1 Leads to 
decreased levels of dephosphorylated β-arrestin1, which influences its function in the activation of 
downstream factors, such as p-ERK and p-AKT. Therefore, the phosphorylation status of β-arrestin1 has 
a critical role in HCC sorafenib resistance. Predicting p-β-arrestin1 can help to identify patients who are 
sensitive to this treatment and prevent unnecessary side effects.

There were some limitations in our study. First, this was a retrospective longitudinal cohort study 
and selection bias may exist due to the strict inclusion criteria. Although we performed internal 
validation, additional external validation is needed to facilitate the wider use of this predictive model. 
Second, our study was performed at a single institution, and the CT scanner in this study was not fixed 
in their protocol. However, this could be a strength in terms of the generalizability of the findings by 
reflecting actual clinical practice. Third, p-β-arrestin1 positivity was defined as a cutoff of 5% for tumor 
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cells to avoid false-positive results. The association between our predictive model and the graded 
degree of p-β-arrestin1 immunopositivity should be further assessed.

CONCLUSION
In conclusion, CECT-based radiomics combining clinico-radiological factors achieved desirable results 
in the prediction of β-arrestin1 phosphorylation in HCC which showed prognostic value in patients 
treated with sorafenib. This finding suggests that CT radiomics may provide promising and 
noninvasive biomarkers for the evaluation of p-β-arrestin1 expression and may help identify the subset 
of HCC patients who are more sensitive to sorafenib treatment, thus potentially guiding personalized 
treatment strategies.

ARTICLE HIGHLIGHTS
Research background
Sorafenib is regarded as a first-line systematic treatment option for patients with advanced hepato-
cellular carcinoma (HCC), but its efficacy is largely influenced by raising resistance. The 
phosphorylation status of β-arrestin1 influences its function as a signal strongly related to sorafenib 
resistance.

Research motivation
Identifying patients who are more likely to benefit from sorafenib treatment and discovering related 
biomarkers associated with sorafenib treatment response can guide personal management.

Research objectives
The purpose of this study was to develop and validate radiomics-based models for predicting β-
arrestin1 phosphorylation in HCC with contrast-enhanced computed tomography (CT).

Research methods
We included ninety-nine HCC patients (training cohort: n = 69; validation cohort: n = 30) who received 
systemic sorafenib treatment after surgery. Radiomics features were generated and selected to build a 
radiomics score and then combined with clinical and imaging features to establish clinico-radiological 
(CR) and clinico-radiological-radiomics (CRR) models. The performance and clinical usefulness of the 
models were measured by receiver operating characteristic and decision curves. Their association with 
prognosis was also evaluated using the Kaplan-Meier method.

Research results
Our study found that the ALT level, tumor size and tumor margin were significant independent factors 
for predicting β-arrestin1 phosphorylation. The CRR model showed better discriminative performance 
than the radiomic score or the CR model. The β-arrestin1 phosphorylation status predicted by the CRR 
model was shown to be significantly associated with overall survival.

Research conclusions
The radiomics signature is a reliable tool for evaluating β-arrestin1 phosphorylation, and may help to 
better identify patients who would benefit from sorafenib treatment.

Research perspectives
The results of this study suggests that CT-based radiomics may provide promising and noninvasive 
biomarkers for the evaluation of β-arrestin1 phosphorylation and may help to identify the subset of 
HCC patients who are more sensitive to sorafenib treatment, thus potentially guiding personalized 
treatment strategies.
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Abstract
An enhanced cascade of care should include a younger population, helping to 
achieve the goal of the World Health Organization with a focus on elimination in 
the pediatric population. Furthermore, enhanced screening and awareness efforts 
and continued education of health care providers will improve the outcomes of 
chronic hepatitis C virus (HCV) infection in the pediatric population. The present 
work discusses and comments on the topic "cascade of care in HCV chronic 
pediatric patients".

Key Words: Cascade of care; Hepatitis C virus; Chronic patients; Pediatric population; 
Disease management; Commentary
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Core Tip: Worldwide disparities exist regarding the chronic hepatitis C virus (HCV) 
infection cascade of care, and it is most evident between high-income countries and 
areas with scarce resources. An integrative strategy encompassing efficient pediatric 
HCV diagnosis and treatment as well as prevention is needed. Addressing health care 
disparities by insightfully applying successful outcomes from high-income countries in 
certain disadvantaged regions with poor cascade of care may help to achieve the 
elimination goal of HCV set by the World Health Organization.
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TO THE EDITOR
To eliminate viral hepatitis worldwide by 2030, the World Health Organization (WHO) focused on 
strategic objectives to reach a decrease of the disease incidence and mortality by 90% and 65%, 
respectively[1,2]. The cascade of care (CoC) originates from HIV management aimed in some an extent 
to achieve sustained virological response[2]. It addresses the diagnosis, treatment and possible cure of 
hepatitis C virus (HCV)[1,2]. HCV chronic infection is reported as affecting 71 million persons globally, 
and many of them are unaware of their infectious status[3]. The global HCV and hepatitis B virus 
populations remain largely underdiagnosed and undertreated[4]. For worldwide heterogeneity, reliable 
HCV prevalence estimates (adjusted to age and geographic area) are needed. These country-specific 
estimates can highly improve the intervention by accelerating HCV elimination[1].

Rogers and Balistreri[1] reported a number of field epidemiological and/or clinical factors impacting 
disease evolution. The perinatal route is mainly responsible for the HCV infection propagation in the 
pediatric population. This route is reported as favorable to genotype 1a that is even associated with 
decreased clearance, persistent viremia and the risk of liver damages such as end-stage liver disease in 
treatment-naïve children. High grade fibrosis or cirrhosis patients are still at high risk to develop 
hepatocellular carcinoma even if achieving sustained virological response. Histological studies are still 
needed to support direct acting antiviral (DAA) treatment efficacy. The authors noticed the need of 
fibrosis control in children regarding the constant risk of portal hypertension and hepatocellular 
carcinoma occurrence. Moreover, poor social act and health-related quality of life were described in 
adolescent HCV patients[1]. Delaying treatment until 18 years of age favors lifetime risk of avoidable 
late liver complications. Hence early treatment is economic and lifesaving[1].

However, HCV CoC reports, similar to that of Rogers and Balistreri[1], mostly emanate from high-
income countries[2]. Extending an HCV CoC strategy to low- and middle-income countries (LMIC) 
must initially and insightfully focus on disease awareness and education to disseminate the desired 
global health goal. Moreover, addressing the differences between a CoC applicable in high-income 
countries and another adjusted for low-income areas is central to achieving the ultimate HCV 
elimination goal.

Regarding HCV therapy, DAAs highly impact CoC. However, in 2016 the treatment was less 
accessible for the patients. As for CoC, updated estimates are needed to assess the impact of newly 
implemented approaches aimed to promote hepatitis C elimination[5]. Furthermore, improving the 
linkage to care is lifesaving given the precipitous dropouts occurring in HCV CoC[6]. Rogers and 
Balistreri[1] reported innovative intervention approaches to promote HCV management through an 
academic mentorship program. This program intended to build a model that could improve the health 
of underserved communities in the Appalachian region. It has even reinforced the competences of 
primary health care providers to treat patients on site, thus reducing the need for travel to seek a DAA 
therapy specialist. The advent of telemedicine has also had a positive impact on HCV treatment. 
Extension for community health care outcomes through videoconferencing technology may be useful 
for HCV treatment in underserved communities[1].

This educative, extensive and informative model, combined with efficient and reliable HCV 
diagnostic and treatment efforts among pediatric patients along with preventive tools, should 
thoroughly address the hepatitis C elimination goal worldwide. The simultaneous screening of three 
viral infections (HIV, HCV and hepatitis B virus) using a multiplex immunochromatographic rapid 
diagnosis test [HCV/hepatitis B surface antigen/HIV Combo RDT Cassette (ITHD-C43), Biotest Biotech 
Inc, Hangzhou, China] in childbearing aged women may reinforce the prevention against these diseases
[7]. This multiplex test may be useful in sub-Saharan Africa because it improves the “cascade of 
screening” and linkage to care with reduced cost[7].

The electronic medical record-based screening programs are also recommended for low-income areas 
since it was determined to be an effective method to manage patients for HIV and HCV in the 
Appalachian region[8]. Among the primary preventive means, we can enumerate campaigns for 
behavioral changes in high-risk groups, such as persons who inject drugs, and surveillance of pregnant 
women and diabetic and non-hepatic cancer patients.

However, high treatment costs and small numbers of trained providers are the primary reasons for 
slow HCV comprehensive elimination in low-income areas[9]. Successful efforts toward HCV 
elimination among persons who inject drugs contrast with the relative lack of attention to scarce 
resource settings where the hopes and potential for elimination are less clear, such as in many LMICs
[10]. In addition, pretherapeutic tests and treatment access are still challenging in developing countries
[11]. CoC is a major challenge in regard to the prison setting. Post release interventions that integrate 
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HCV care are highly effective. The treatment observance can be highly improved by a close collab-
oration between community and prison health care programs. Investigations are still needed to 
determine predictors of linkage to HCV care after release[12].

To overcome these barriers mentioned above, an efficient model for HCV CoC should be simple, 
targeted, pluralistic, scalable, integrated, patient-centered and affordable[13]. Efforts should focus on 
linkage to care to capitalize on DAA treatment advances and increase patient access to Medicaid 
assurance[14]. Regular follow-up of patients greatly increases HCV therapy effectiveness. Modelling 
studies show that a perfect follow-up would be cost-effective. Multilevel interventions along the cascade 
should be prioritized rather than single level[15]. Interventions that promote chronic hepatitis B/C 
elimination can be summarized as follow: Prioritize management of patients at multiple levels of the 
health care setting; define the required supports enabling to notice unassessed patients; expand disease 
management skill in a variety of settings; and promote harm reduction services[16].

Moreover, if major price reduction achieved by the HIV/AIDS community can be applied to HCV, a 
similar success story could emerge[17]. Domestic program and funding are continually implemented in 
many middle-income areas to support large scale DAA treatment, intended to achieve the WHO HCV 
elimination objective. However, investments required to achieve the WHO related elimination targets 
are insufficient given the feeble contribution from domestic financing sources and weakness of interna-
tional funding for HCV programs. In fact, Unitaid partnership is starting with some countries to 
simplify and decentralize HCV CoC for a large scale feasibility. This donor is even encouraging 
coordination among other partners working in the field to support the Global Hepatitis Program for 
better response[18]. Models of service delivery are being piloted and implemented throughout the 
Western Pacific Region, which will support “learning by doing,” in the delivery of hepatitis testing, care 
and treatment tailored to countries’ unique health contexts[19].

Malaysia launched universal coverage of free testing and treatment for HCV in March 2018, with 
rapid expansion of services to decentralize testing and treatment in primary care clinics in 2019. In 
Vietnam, pilot programs are in progress to assess the feasibility of decentralizing HCV testing using 
point-of-care diagnostics to screen in different settings. In China, the entry of DAAs into the market 
changed conversations on the possibility of eliminating HCV and improving large-scale access to 
treatment. Many high-income countries in the Asian region universally covered hepatitis testing, care 
and treatment through government financing and health insurance.

However, challenges remain regarding vulnerable populations, including persons who inject drugs, 
incarcerated populations, migrants and indigenous people. These challenges involve increasing testing 
access and connection to care after diagnosis, improving public awareness of hepatitis B and C, training 
health care providers, particularly at the primary care level and addressing stigma and discrimination.

Medicines (DAAs) have revolutionized treatment for HCV, and they are becoming available in many 
LMICs, even if the cost can barely be borne by patients in a large majority of these countries. The market 
for generics has developed quickly but is volatile due to fluctuations in demand combined with 
inconsistent and insufficient financing. In the Asian region, affordability has improved as generic 
medicines have become more widely available. In countries where medicine prices remain high, access 
is limited by rationing and cost containment. On the other hand, where cheaper generics are available, 
financing and affordability by those most affected by HCV can still be a major barrier to access.

Out-of-pocket expenses vary widely across the Asian region and are still a significant barrier to 
access. There are significant differences in how countries control the prices of medicines, ranging from 
free pricing to single-payer, controlled pricing arrangements. Countries with single-payer systems 
achieved significant price controls for the new DAAs by using their monopoly purchasing power. For 
example, the Australian Department of Health negotiated a 5-year volume-based price deal based on 
treating 62000 people for AUS$ 1 billion. Over 38000 people were treated in the 1st year. This innovative 
approach removed price as a barrier to treatment. In New Zealand, the advantage of the Pharmaceutical 
Management Agency helps to secure favorable prices for medicines in negotiations with suppliers. 
Similar purchasing strategies could be used in other countries where medicines are financed by the 
government. Greater sharing of information on prices and negotiation strategies across the region is 
important to improve access to expensive medicines.

Another option for accessing affordable hepatitis medicine has been to take advantage of a 
commercial agreement related to intellectual property rights a fortiori in LMICs[19]. As far as HCV CoC 
is concerned, interesting and successful decentralized public health programs and government support 
have been tested in Africa (Rwanda, for instance) and Asia[20]. Moreover, Rwanda and Egypt have 
incredibly developed their national HCV programs in line with the WHO elimination targets, as 
reported by Shah et al[21]. However, to reach the above targets, the sub-Saharan African region must 
still overcome several barriers. Important investments and political engagement are needed to overcome 
these challenges[21]. From the period of 2014-2020, Egypt undertook a vast campaign of HCV screening 
and treatment in line with the disease elimination purpose. In fact, more than 50 million residents were 
screened for chronic HCV (4 million were treated). The key successful elements were as follow: Reliable 
epidemiological surveillance; robust public health system; inclusive care open to all social sectors; 
increased health care spending; and innovative research and use of new technologies of communication. 
Egypt is suggested to be the first country to eliminate HCV out of its territory. This expertise can be 
useful for other LMICs with high HCV burdens[22].
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As far as the WHO HCV elimination goal is concerned, Mali has included viral hepatitis in the 
category of priority diseases through the promulgation of Law No. 2019-021 of July 3, 2019, which 
creates the sectorial unit to fight HIV/AIDS, tuberculosis and viral hepatitis and takes these diseases 
into account in the 10-year social health development plan 2014-2023. In this country, despite the 
political will that has been shown, there are still difficulties such as low level of knowledge of health 
workers on viral hepatitis, insufficient human resources, infrastructure and reagents for the 
management of viral hepatitis and financial and geographic (for the patients who reside outside 
Bamako) inaccessibility to antivirals[23]. The care centers for HCV patients, mainly made up of hepato-
gastroenterology, infectious diseases and internal medicine departments, are concentrated in Bamako 
(the capital of Mali). DAA medicines such as sofosbuvir in combination with ledipasvir or velpatasvir, 
which are not provided in management centers, are sold at a high price in private pharmacies. These 
drugs are not covered by governmental compulsory health insurance. Other factors limiting access to 
treatment are the high costs of pretreatment investigations (170000 XOF by patient for HCV)[23].

The next key steps to strengthen interventions include: Sustaining efforts to reach major cost 
reduction of HCV management (for instance promotion of both generic DAAs and diagnosis tests) in all 
countries at a level comparable to HIV pricing; recording potential generic drug manufacturers at the 
country level; improving domestic and donor funding; reinforcing of monitoring and evaluation system 
by using digital tools to tract patients and manage stock; integrating programs such as HIV and sexually 
transmitted diseases, harm reducing service, primary health care and reproductive health; decent-
ralizing and task delegation service; and further community engagement. Furthermore, early 
management of disease is important because it is cheaper to treat HCV early than treat complications a 
fortiori in LMICs where resources are scarce[20].

Pediatric patients with liver fibrosis evidence must be regularly monitored given the constant risk of 
portal hypertension and hepatocellular carcinoma occurrence. Early treatment can save money and 
lives. Furthermore, the actions taken to improve access to health care in certain disadvantaged regions 
of high-income countries, as seen in the Appalachian region, can be usefully employed in low-income 
countries.
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Abstract
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Figure 1  Cumulative survival time in acute-on-chronic liver failure patients with diabetic mellitus and non-diabetic mellitus[1]. Citation: Lai 
RM, Chen TB, Hu YH, Wu G, Zheng Q. Effect of type 2 diabetic mellitus in the prognosis of acute-on-chronic liver failure patients in China. World J Gastroenterol 
2021; 27: 3372-3385. Copyright© The Authors 2020. Published by Baishideng Publishing Group Inc.

TO THE EDITOR
We were pleased to read the high-level article published by Lai et al[1]. The results of their study 
showed a significant relationship between the prognosis of diabetes mellitus (DM) and acute-on-chronic 
liver failure (ACLF) patients. ACLF patients with DM have higher in-hospital mortality and infection 
rates than patients without DM. This is an important study that has made a significant contribution to 
the study of prognostic indicators for ACLF patients. However, there are still questionable issues in this 
study that we would like to discuss with the authors.

First, the Materials and Methods section needs to be more detailed and refined. The author should list 
the number of diabetic patients included and the number of people after grouping. The author should 
state the time for follow-up of the patients and redefine the concept of follow-up. If the author regards 
the discharge time as the end of the follow-up event, it may cause data loss. Therefore, another reference 
could be added for loss to follow-up. We notice that they performed multivariate analysis on 
parameters with P < 0.1 in univariate analysis, which is not convincing. A P value less than 0.05 would 
make the results more convincing. In addition, a sample of 200 for a study period of 7 years is small; the 
author should calculate the population size and analyze the sample size.

There are problems in the statistical analyses. Statistical analyses should be described in detail. In the 
table in the Results section, the author should provide more accurate statistical values, such as Student’s 
t-values or χ2 values. Table 1 shows that there are statistical differences in age between the DM group 
and non-DM group. Therefore, the author should describe the frequency and distribution of age in more 
detail and discuss the possible impact of age as a potential risk factor on the disease. For example, the 
author could divide the patients into different levels in the DM and non-DM groups according to age 
and statistically analyze the impact of different ages in each level on the mortality and infection rate of 
related diseases. According to the criteria of the World Health Organization in 2012[1,2], a younger age 
was defined as less than 45 years, and an older age was defined as greater or equal to 45 years. 
Therefore, the author could divide the original two groups into four groups. In Figure 1 (Figure in the 
manuscript "Effect of type 2 diabetes mellitus in the prognosis of acute-on-chronic liver failure patients 
in China"[1]), the author should indicate the time unit. We do not know how long the patients lived. In 
addition, we also noticed that the author did not indicate the corresponding P value when stating some 
conclusions.

In the paper, the author repeatedly proposed that DM could predict ACLF. This is a confusing 
statement. The study only proves that DM has a certain influence on ACLF. To further predict ACLF 
through DM, a survival model would need to be established. The author should provide more detailed 
data, such as median follow-up and survival times, to build up the survival model.

In the Discussion section, the author explained that albumin (ALB) has nothing to do with the 
prognosis of liver failure in this study and believed that exogenous injection of ALB interfered with the 
experimental results. Inferring from this, we believe that the author neglected interference caused by the 
patients’ medications on the experimental results during treatment. ALB constitutes about half of serum 
proteins. ALB is involved in scavenging free radicals, maintaining colloidal osmotic pressure and 
protecting neuronal cells and is closely related to nutritional level[3] and systemic inflammatory 
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Table 1 Demographic characteristics and clinical features of the patients between diabetic mellitus and non-diabetic mellitus[1]

DM (yes) (n = 38) DM (no) (n = 184) P value

Age (yr) 56.32 ± 14.23 49.16 ± 12.84 0.002

Gender, n (%) 0.309

Male 28 (73.68) 149 (80.98)

Female 10 (26.32) 35 (19.02)

Cause of disease, n (%) 0.201

Hepatitis B virus 26 (68.42) 139 (75.54)

Hepatitis B virus + other 5 (13.16) 20 (10.87)

Alcohol 2 (5.26) 15 (8.15)

Others 5 (13.16) 10 (5.44)

WBC (109/L) 6.17 ± 4.03 7.35 ± 3.58 0.07

RBC (1012/L) 3.68 ± 0.87 3.94 ± 0.84 0.084

Hb (g/L) 117.21 ± 24.71 121.95 ± 23.13 0.257

PLT (109/L) 100.34 ± 42.20 118.79 ± 59.09 0.069

PT (s) 23.01 ± 5.38 24.45 ± 6.95 0.229

INR 1.97 ± 0.45 2.10 ± 0.59 0.229

ALT (U/L) 396.08 ± 448.56 560.36 ± 693.06 0.163

AST (U/L) 365.95 ± 391.18 419.99 ± 513.42 0.541

γ-GGT (U/L) 174.16 ± 305.61 137.57 ± 127.33 0.231

TBIL (μmol/L) 320.71 ± 141.31 309.56 ± 134.00 0.664

ALB (g/L) 29.25 ± 4.51 30.73 ± 4.03 0.045

Scr (μmol/L) 56.37 ± 22.00 63.45 ± 27.28 0.134

BUN (mmol/L) 3.94 ± 2.65 4.25 ± 2.98 0.56

TCHO (mmol/L) 2.67 ± 0.81 2.65 ± 1.05 0.919

TG (mmol/L) 1.45 ± 0.67 1.26 ± 0.70 0.124

Na+ (mmol/L) 136.98 ± 3.97 136.86 ± 4.43 0.878

K+ (mmol/L) 3.90 ± 0.46 4.08 ± 0.58 0.072

AMON (μmol/L) 3.90 ± 0.46 4.08 ± 0.58 0.332

AFP (ng/mL) 64.40 ± 40.39 128.19 ± 192.02 0.784

BMI (kg/m2) 24.99 ± 3.32 22.78 ± 3.03 < 0.001

FBG (mmol/L) 5.34 ± 1.87 3.83 ± 1.07 < 0.001

Scoring systems

CTP 10.79 ± 1.49 10.40 ± 1.35 0.115

MELD 19.38 ± 4.52 20.74 ± 5.06 0.128

MELD-Na 20.89 ± 5.00 22.27 ± 6.84 0.239

Death, n (%) 25 (65.79) 69 (37.5) 0.001

γ-GGT: Gamma-glutamyl transpeptidase; AFP: Alpha fetal protein; ALB: Albumin; ALT: Alanine aminotransferase; AMON: Ammonia; AST: Aspartate 
aminotransferase; BMI: Body mass index; BUN: Blood urea nitrogen; CTP: Child-Turcotte-Pugh; DM: Diabetic mellitus; FBG: Fasting blood-glucose; Hb: 
Hemoglobin; INR: International normalized ratio; K+: Kalium; MELD: Model for End-Stage Liver Disease; MELD-Na: Model for End-Stage Liver Disease 
with serum sodium; Na+: Natrium ion; PLT: Platelet count; PT: Prothrombin time; Scr: Serum creatinine; TBIL: Total bilirubin; TCHO: Total cholesterol; 
TG: Triglyceride; RBC: Red blood cell; WBC: White blood cell. Citation: Lai RM, Chen TB, Hu YH, Wu G, Zheng Q. Effect of type 2 diabetic mellitus in the 
prognosis of acute-on-chronic liver failure patients in China. World J Gastroenterol 2021; 27: 3372-3385. Copyright© The Authors 2020. Published by 
Baishideng Publishing Group Inc.
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response[4]. The author should describe in detail in the Methods section the type, dosage and method of 
drug injection during the treatment process. Actually, well-established indications for the use of human 
ALB in patients with cirrhosis pertain to conditions that are characterized by an acute deterioration of 
effective hypovolemia[5], such as renal dysfunction secondary to spontaneous bacterial peritonitis and 
hepatorenal syndrome, as shown by the international guidelines on the management of decompensated 
cirrhosis[6]. The current established indications for ALB use in patients with cirrhosis, such as 
preventing renal dysfunction induced by systolic blood pressure, suggest that patients should receive 
1.5 g/kg body weight at diagnosis +1 g/kg body weight at day 3[7].

All in all, this is a high-level article in the field of diabetes and liver cirrhosis. Although there are 
some statistical deficiencies in the article, the author may be able to expand the sample and establish a 
multicenter prospective cohort study. For example, age factors could be considered for related diseases 
to evaluate the impact of DM on the prognosis in ACLF patients.
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