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Patient with a novel syndrome with multiple benign hepatic lesions
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Abstract

Simultaneous occurrence of benign hepatic lesions of different types is a sporadic phenomenon. To the best of our knowl-
edge, we report the first clinical case of a syndrome with simultaneous manifestations of three different entities of benign
liver tumors (hepatocellular adenoma, focal nodular hyperplasia and hemangioma) with a novel mutation detected in the
liver adenoma and in the presence of a number of further extrahepatic organ neoplasms. Furthermore, we describe for the
first time the presence of liver epithelial cells of hepatocytic phenotype expressing cytokeratin 7 (CK7) at the border of the
adenoma. These findings may be important for explaining pathogenesis of benign as well as malignant tumors based on

genetic and histopathological features.
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Introduction

Benign liver tumors are a heterogeneous group of lesions
that are mostly found incidentally in clinical examinations.
Depending on the subtype, benign lesions may require surgi-
cal treatment in cases of clinical symptoms, risk of bleeding
or excessive size progression [1]. Multiple risk factors for
liver tumorigenesis have been discovered for certain entities,
such as female sex, genetic mutations, such as in HNF1A or
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CTNNBI, or exogenous estrogen intake [2—4]. Simultane-
ous occurrence of benign liver tumors of different types is
a sporadic phenomenon and has mostly been discussed as a
coincidental event rather than a syndrome [5-9].

Herein we report the clinical case of a female patient
with simultaneous manifestation of hepatocellular adenoma
(HCA), giant hepatic hemangioma (HH) and focal nodular
hyperplasia (FNH).
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Case presentation

Almost two decades after the initial detection of a liver lesion,
a 58-year-old female Caucasian patient with concomitant
manifestations of HCA, giant HH and FNH was admitted in
2020 to the Department of Surgery for further diagnostic and
therapeutic evaluation. The patient denied symptoms indica-
tive for liver tumors, despite a recent history of hepatomegaly
with mild perihepatic and peripancreatic ascites, significantly
progressing liver lesions with compression of intrahepatic bile
ducts and gallbladder. Alpha fetoprotein (AFP) and carcinoem-
bryonic antigen (CEA) levels were normal, while transami-
nase, gamma-glutamyltransferase, alkaline phosphatase and
C-reactive protein levels had been elevated progressively since
2003, reaching values of over three times the upper bound of
the normal range of these parameters.

Patient history

The patient presented numerous multi-organ neoplasms over
the time span of two decades, including hepatic (HCA, FNH
and HH), gynecologic (ovarian serous cystadenoma, uterine
leiomyomas, calcified breast hamartoma and cysts, vulvar
lipoma), endocrine (thyroid nodules), dermatologic (multiple
melanocytic nevi and melanomas in atypical regions, gluteal
hemangioma) and biliary (gallbladder polyp) (Fig. 1a, b). A
liver lesion was first detected in the patient incidentally dur-
ing a laparoscopic oophorectomy in 2002. Pathologic exami-
nations, ultrasound and native magnetic resonance imaging
(MRI) revealed a suspicious lesion, consistent with either FNH
or HCA, without certain differentiation available at that time.
The clinicians’ recommendation was clinical surveillance with
regular follow-up imaging. Sensitive contrast-enhanced MRI
(CE-MRI) with gadoxetic acid in 2014 yielded the definitive
diagnosis of a single HCA (diameter 90 mm) and multiple
HH and FNH distributed throughout almost all liver segments.
Esophagogastroduodenoscopy and colonoscopy were incon-
spicuous. Other pathological findings included mild hepatic
steatosis, self-limiting hepatitis E infection, gallbladder con-
crements, urethral prolapse and a subphrenic cyst. By the time
of diagnosis of the first liver lesion in 2002, the patient had
been taking oral contraceptives for roughly 15 years. Fam-
ily history was positive for the occurrence of neoplasms, as
the mother of the patient had a benign liver lesion (entity
unknown but consistent with either HCA, FNH or HH) and
a leiomyoma.

Diagnostic and therapeutic management
We confirmed the diagnosis of benign liver tumors with

CE-MRI (Fig. 1c, d). In accordance with the guidelines of
The European Association for the Study of the Liver [1],

we subjected the patient to laparoscopic left lateral sec-
tionectomy with the additional removal of segment 4a. The
therapeutic decision was based on multidisciplinary team
consensus due to new abdominal complaints, increased
transaminases and tumor size (diameter 90 mm). The surgi-
cal specimen confirmed as expected HCA and multiple HHs
in the resected liver segments.

Histology

We performed postoperative histopathological, immu-
nohistochemical and molecular analyses of the HCA and
surrounding liver tissue. Tissue sections had a thickness of
4 um and were stained using hematoxylin and eosin stain
(H&E), periodic acid—Schiff stain, Gomori silver stain as
well as immunohistochemical stains for B-catenin (Car-
boxy-terminal Antigen, polyclonal, Cell Signaling, 1:50)
and serum amyloid (SAA, clone mcl, Dako, 1:600). His-
topathology revealed a capsuled lesion congruous with an
HNF1A-inactivated HCA with diffuse fat accumulation in
the parenchyma. The hepatocytes in this lesion partially
appeared to be ballooned and in a pseudoglandular configu-
ration (a summary of the histopathological and immunohis-
tochemical findings in the adenoma are presented in Fig. 2).
At the edge area of the lesion, these cells presented a weak
expression of serum amyloid A (SAA), which, however, was
not elevated compared to the adjacent healthy liver tissue.

We performed further sequential multiplex immunostain-
ing as previously described [10] to explore the expression
of specific cell type markers and mitotic activity throughout
the HCA and healthy liver tissue (a selection of the most
important findings of the multiplex immunostaining is pre-
sented in Fig. 3). The mitotic activity in the adenoma meas-
ured by Ki67 was not different from the rest of the tissue.
The adenoma cells showed consistent HepPar1 expression,
confirming their hepatocytic origin [11, 12]. Remarkably,
along the adenoma border, a concentration of cells express-
ing CK7 and HepParl was observed. Interestingly, these
cells presented the morphology of hepatocytes and not of
ductular cells.

Focused next-generation sequencing

Focused next-generation sequencing (oncomine focus
assays) of the HCA tissue revealed a novel missense variant
in the hepatocyte nuclear factor-1 alpha gene (gene name:
HNFIA, NM_000545: Exon 3-4)): c.613A > G, p.K205E
with 37% allele frequency (i.e., heterozygous). Interestingly,
the HNFIA gene in healthy liver tissue was wild type, sug-
gesting a possible association of the above-mentioned muta-
tion with tumorigenesis in the context of a somatic and not a
germline mutation. Other pathological characteristics of the
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Fig.1 a, b Schematic presentation of all the neoplasms of the index T1 sequence in coronal plane: ¢ in 2003 and d in 2020 with gadoxetic
patient (a) and of the benign liver lesions (b), comprising an exo- acid showing a hepatocellular adenoma (HCA) in segment 3 (white
phytic hepatocellular adenoma (HCA) in segment 3, focal nodular arrow) presenting features of HNF1A-mutated HCA, a focal nodular
hyperplasia (FNH) in segments 4b, 5 and 7, giant confluent hepatic hyperplasia (FNH) (black arrow) in segment 4b and a giant confluent
hemangioma (HH) in segment 2, as well as smaller HHs in segment hepatic hemangioma (HH) in segment 2 (white asterisk)

6. This figure was created with BioRender.com. ¢, d Abdominal MRI,
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Fig.2 Histopathology and immunohistochemistry of liver findings
in a female 58-year-old patient. a—c Intrahepatic cavernous heman-
giomas surrounded by residual liver parenchyma (*) and lined by a
single layer of bland endothelial cells without mitoses (thin arrows).
d-i Hepatocellular adenoma, not otherwise specified. d The adenoma
is arranged in a pseudoacinar pattern and shows a well-defined bor-

adenoma tissue as well as MRI imaging were highly sugges-
tive of HNF1A-inactivated HCA.

der (thick arrows), singular small arteries (*) and steatotic foci. e, f
The nuclei contain glycogen bodies, but no atypia. g Beta-catenin is
not expressed in the nuclei. h—i Gomori stain reveals an intact reti-
culin network that surrounds predominantly thin hepatocytic cell
plates with a thickness of 1-2 cells. Resolution: a, d: 2 X 10°/b, e, h:
5%107 /£, g, i:2x10.

Exome sequencing
We also performed exome sequencing of the patient’s DNA

(extracted from a blood sample) to examine for germline
mutations that could be the cause of the patient’s phenotype.
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Fig.3 Sequential immunostain-
ing was performed as previously
described [10] on a liver section
containing healthy liver tissue,
adenoma and adenoma border.
Representative pictures of a
Masson’s trichrome staining and
b multiplex immunostaining.

¢ Higher magnifications cor-
responding to the areas marked
in (b). d Single cell plots repre-
senting the localization of Hep-
Par1-positive cells. Dot colors
indicate the staining intensities
for beta-catenin, Ki67 or CK7,
as indicated (green=high
intensity, blue =low intensity).
e Heatmaps showing cellular
distribution and density of cells
expressing HepParl, CK7,
Ki67, CD45, CD3 and CD20
(red =high density, blue =low
density)
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The clinical features of the patient were addressed using the
Human Phenotype Ontology [13]. The following terms were
used for the subsequent analysis: hepatocellular adenoma
(HPO: 0012028), hemangioma (HPO: 0001028), melanoma
(HPO: 0002861) and lipoma (HPO: 0012032). No disease-
causing mutation could be identified (supplementary mate-
rial on the exome sequencing analysis can be acquired upon
request from the corresponding author). In particular, there
were no pathogenic germline variants in HNFIA. The com-
parison of the patient exome with the known mutations
associated with the above-mentioned phenotypes showed
no match with no evidence for a monogenic cause.

Discussion

Our case report describes a syndrome-like synchronous
manifestation of HH, HCA and FNH in the liver, as well
as numerous, mostly benign tumors in multiple organs. To
the best of our knowledge, the concomitant manifestation
of HH, HCA and FNH has been reported only once in 2003
[5]. In this case, the authors brought up the hypothesis that
these three benign lesions might share a common origin,
a vascular anomaly, in particular. In our case, we further
performed whole exome sequencing, advanced molecular
pathology and fluorescence microscopy to achieve better
understanding of the pathological pattern of the patient.

The sequence analysis of the HNFIA gene revealed a
novel heterozygous variant (c.613A > G; p.(K205E)) in
the HCA and wild type in the healthy liver tissue. To the
best of our knowledge, this genetic variant has neither been
documented in any database nor has it been mentioned in
the literature regarding liver lesions or any other neoplasms.
Thus, the clinical significance of this variant is unknown and
yet to be clarified in regard to the occurrence of benign liver
lesions in the presence of multiple extrahepatic neoplasms.
Remarkably, HNFIA gene mutations defining the HNF1A-
inactivated HCA are biallelic [14]; however in our case, no
second variant could be identified.

The immunofluorescence analysis uncovered CK7-pos-
itive liver epithelial cells at the adenoma border. The phe-
nomenon of CK7"HepPar1* cells has been observed in vari-
ous non-neoplastic liver diseases in humans, such as viral
hepatitis, autoimmune hepatitis and primary sclerosing chol-
angitis [15, 16], as well as in hepatocellular carcinoma [17].
These cells have also been reported to be present throughout
the tumor mass of some HCAs as well as in FNH, in which
cases the intermediate phase between progenitor cells and
differentiated hepatocytes or cholangiocytes was presumed
[18, 19]. Notably, in the current case, CK7tHepParl* cells
were not observed in the tumor itself, but at the border of
healthy liver tissue to the HCA. This could be as a result
of local cholestasis in the surrounding healthy liver tissue

induced by the HCA and its substantial size, also explain-
ing the elevated cholestatic parameters of the patient. Alter-
natively, the CK7"HepPar1* cells could represent hepatic
progenitor cells and indicate a regenerative response [20].
Further investigation is needed to examine if this is a com-
mon phenomenon in HCA or an observation specific for this
case of multiple benign liver lesions.

Here, we present a novel unknown syndrome described
by many multiple benign neoplasms in the liver and other
glands. This finding may be important for explaining the
pathogenesis of benign as well as malignant tumors based
on genetic and histopathological findings.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Declarations

Conflict of interest The authors declare that they have no conflict of
interest.

Human rights All the procedures in the present study were done in
accordance with the ethical standards in the 1964 Declaration of Hel-
sinki and its later amendments.

Informed consent The patient gave her informed consent for the pub-
lication of her clinical details and clinical images.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. European Association for the Study of the Liver (EASL). EASL
Clinical Practice Guidelines on the management of benign liver
tumours. J Hepatol. 2016;65:386-98.

2. Rebouissou S, Bioulac-Sage P, Zucman-Rossi J. Molecular patho-
genesis of focal nodular hyperplasia and hepatocellular adenoma.
J Hepatol. 2008;48:163-70.

3. Edmondson HA, Henderson B, Benton B. Liver-cell adeno-
mas associated with use of oral contraceptives. N Engl J Med.
1976;294:470-2.

4. Jeannot E, Mellottee L, Bioulac-Sage P, et al. Spectrum of HNFI1A
somatic mutations in hepatocellular adenoma differs from that in
patients with MODY 3 and suggests genotoxic damage. Diabetes.
2010;59:1836-44.

5. Di Carlo I, Urrico GS, Ursino V, et al. Simultaneous occurrence
of adenoma, focal nodular hyperplasia, and hemangioma of the

@ Springer


http://creativecommons.org/licenses/by/4.0/

306

Clinical Journal of Gastroenterology (2024) 17:300-306

10.

11.

12.

liver: Are they derived from a common origin? J Gastroenterol
Hepatol. 2003;18:227-30.

Toshikuni N, Kawaguchi K, Miki H, et al. Focal nodular hyper-
plasia coexistent with hemangioma and multiple cysts of the liver.
J Gastroenterol. 2001;36:206—11.

Gaspar-Figueiredo S, Kefleyesus A, Sempoux C, et al. Focal
nodular hyperplasia associated with a giant hepatocellular ade-
noma: A case report and review of literature. World J Hepatol.
2021;13:1450-8.

Shih A, Lauwers GY, Balabaud C, et al. Simultaneous occurrence
of focal nodular hyperplasia and HNF1A-inactivated hepatocellu-
lar adenoma: a collision tumor simulating a composite FNH-HCA.
Am J Surg Pathol. 2015;39:1296-300.

Friedman LS, Gang DL, Hedberg SE, et al. Simultaneous occur-
rence of hepatic adenoma and focal nodular hyperplasia: Report
of a case and review of the literature. Hepatology. 1984;4:536—40.
Guillot A, Kohlhepp MS, Bruneau A, et al. Deciphering the
immune microenvironment on a single archival formalin-fixed
paraffin-embedded tissue section by an immediately implementa-
ble multiplex fluorescence immunostaining protocol. Cancers
(Basel). 2020;12:2449.

McKnight R, Nassar A, Cohen C, et al. Arginase-1: A novel immu-
nohistochemical marker of hepatocellular differentiation in fine
needle aspiration cytology. Cancer Cytopathol. 2012;120:223-9.
Nassar A, Cohen C, Siddiqui MT. Utility of glypican-3 and sur-
vivin in differentiating hepatocellular carcinoma from benign
and preneoplastic hepatic lesions and metastatic carcinomas
in liver fine-needle aspiration biopsies. Diagn Cytopathol.
2009;37:629-35.

@ Springer

13.

14.

15.

16.

17.

18.

19.

20.

Kohler S, Gargano M, Matentzoglu N, et al. The human phenotype
ontology in 2021. Nucleic Acids Res. 2021;49:D1207-17.
Védie AL, Sutter O, Ziol M, Nault JC. Molecular classification
of hepatocellular adenomas: impact on clinical practice. Hepat
Oncol. 2018;5:HEP04.

Carpino G, Cardinale V, Folseraas T, et al. Hepatic stem/progeni-
tor cell activation differs between primary sclerosing and primary
biliary cholangitis. Am J Pathol. 2018;188:627-39.

Matsukuma S, Takeo H, Kono T, et al. Aberrant cytokeratin 7
expression of centrilobular hepatocytes: a clinicopathological
study. Histopathology. 2012;61:857-62.

Iwasaki T, Kubota A, Suzuki M, et al. A case of small hepatocel-
lular carcinoma with malignant ductular reaction. Int J Clin Exp
Pathol. 2020;13:1073-80.

Libbrecht L, De Vos R, Cassiman D, et al. Hepatic progenitor cells
in hepatocellular adenomas. Am J Surg Pathol. 2001;25:1388-96.
Roskams T, De Vos R, Desmet V. ‘Undifferentiated progenitor
cells’ in focal nodular hyperplasia of the liver. Histopathology.
1996;28:291-9.

Gadd VL, Aleksieva N, Forbes SJ. Epithelial plasticity during
liver injury and regeneration. Cell Stem Cell. 2020;27:557-73.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Patient with a novel syndrome with multiple benign hepatic lesions and extrahepatic neoplasms
	Abstract
	Introduction
	Case presentation
	Patient history
	Diagnostic and therapeutic management
	Histology
	Focused next-generation sequencing
	Exome sequencing

	Discussion
	References




