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A B S T R A C T

Aims: Congenital hepatic vascular malformation with capillary proliferation (HVMCP) is a rare pseudo- 
tumourous liver lesion, to date only known in children. Diagnostic pitfalls in infant and, for the first time, in 
adult cases are histomorphologically characterised and molecularly analysed on driver mutations playing a role 
in angiogenesis and angioproliferation.
Methods and results: We histomorphologically characterised 4 early childhood and 2 adult cases, which showed 
malformed venous, cavernous and dissecting CD34-positive, GLUT1-negative capillary formations, followed by 
trabecular disarrangement of the involved liver parenchyma. As shown exemplarily, infant cases can lead to 
misdiagnosis as Glypican 3-positive hepatoblastoma. In adults, broadened capillarized liver trabecules might 
imitate hepatocellular carcinoma and dense capillary formations can resemble endothelial tumours, particularly 
hepatic small vessel neoplasia. In all cases, vascular malformation was the diagnostic key feature. Custom hybrid- 
capture-based sequencing assays were conducted, covering a broad range of genes active in angiogenesis and 
angioproliferation. Of the cases, 3, including 1 adult case, showed pathogenic activating driver mutations in 
GNAQ/GNA14. One adult lesion proved to be wild-type. Two wedge biopsies did not allow for molecular 
analysis.
Conclusions: HVMCP has to be differentiated from true vascular neoplasms, particularly from hepatic congenital 
haemangioma, hepatic infantile haemangioma and hepatic small vessel neoplasia but also from solid malignant 
hepatocellular tumours. Recognition of the underlying vascular malformation might disclose the pseudotu
mourous nature even in biopsies. Detection of driver mutations in the Gqα-protein-coding gene family with 
activation of the downstream MAPK/ERK pathway may open up a future treatment option for non-resectable 
lesions with MAPK/ERK inhibitors.
Clinical trial number: Ethic Votum BioMaSota No.13-091.

1. Introduction

Congenital hepatic vascular malformation with capillary prolifera
tion (HVMCP) is a rare tumour-like, congenital vascular lesion, observed 
in early childhood. There exist no studies on its incidence. Mo et al. [1] 
first described it in 2004. To date, it is neither listed in the current WHO 
classification of digestive system tumours [2] nor paediatric tumours 
[3], nor in the recent ISSVA classification for Vascular Anomalies from 
2025 [4]. However, it is a well-known tumorous malformation in 

hepatopathology and paediatric pathology, and listed in the current 
MacSween’s Atlas of Liver Pathology [5] (see Fig. 6).

HVMCP is mostly diagnosed through prenatal ultrasonography or in 
the early weeks or months after birth when clinical symptoms arise. It 
presents as an intrahepatic mass with accompanying abdominal 
distension, hepatomegaly, cardiomegaly and anaemia. Radiologically, 
dilated hepatic arteries and portal veins associated with the lesion are 
reported [1]. Rarely, severe thrombocytopenia and fibrinolysis with 
disseminated intravascular coagulopathy occur according to 
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Kasabach-Merritt syndrome (KMS). Ultrasonography may show a soli
tary liver mass with large areas of central infarction, haemorrhage and 
calcification, surrounded by abnormally dilated blood vessels corre
sponding to an arterio-venous malformation.

Histomorphologically, as initially defined by Mo et al., HVMCP 
represents a vascular malformation characterised by a trizonal structure 
with a regressive centre, a transition zone of malformed dilated blood 
vessels, and a nodular capillary proliferation associated with dis
arranged liver parenchyma in the periphery [1]. For diagnosis of 
HVMCP, it is essential to demonstrate the three-zonal architecture and 
large, distorted and malformed blood vessels in biopsies and wedge bi
opsies, to distinct it especially from GLUT1-negative, GNAQ- and 
GNA11-mutated hepatic congenital haemangioma (HCH), one of its 
most important differential diagnosis [6–10]. Immunohistochemically, 
endothelial cells of the lesion are completely negative for glucose 
transporter-1 (GLUT1), a downstream target of hypoxia-inducible fac
tor-1-alpha (HIF-1α). This finding contrasts with GLUT1-positive he
patic infantile haemangioma (HIH), another main differential diagnosis 
in paediatric hepatopathology [11–13]. Furthermore, the distinction 
from hepatic small vessel neoplasia (HSVN) can be challenging and 
demands thorough interdisciplinary examination [14–16]. However, in 
contrast to HVMPC, HSVN can occur multifocally and disseminate in 
rare cases [17]. Rarely, HVMPC can mimic hepatoblastoma and hepa
tocellular carcinoma (HCC).

To date, HVMCP has neither been documented in adult patients nor 
characterised at the molecular level. In this study, for the first time we 
bring together HVMCP in different age groups with mutations in genes 
from the Gqα-protein-coding gene family. This permits a deeper un
derstanding of this very special type of basically vascular malformation 
that might be relevant for its classification and differential diagnosis 
against other vascular and solid liver lesions in adults and children, 
particularly HIH, HCH, HSVN, hepatoblastoma and HCC.

2. Material and methods

2.1. Ethics statement

The Institutional Review Board (IRB) of the University Hospital of 
Cologne approved the experiments. Informed consent was obtained 
from all patients whose tissue samples were included in the study (Ethic 

Votum BioMaSota No.13-091).

2.2. Cohort, clinical data, follow up

The collective of this multicentre diagnostic histopathological study 
comprised 8 cases of 3015 continuously recorded, non-selectively 
included resection and wedge biopsy cases from our consultant surgi
cal pathology files in a time period of 16 years (Department of Pathol
ogy, and Section of Paidopathology, University Hospital of Bonn, 
Institute of Pathology & Cytology, Medical Care Centre Rhein-Sieg, 
Germany). It included formalin-fixed, paraffin-embedded tissue from 
liver explants, resection specimens, and wedge biopsies (Table 1). The 
collective consisted of 4 infants and 2 male adult patients with histo
pathologically confirmed HVMCP. The lesions were morphologically 
characterised according to the initial description by Mo et al. [1] The 
adult samples were treatment naïve prior to surgical resection and 
clinically suspected of HCC. One of the infant lesions (case 4) was first 
diagnosed on a wedge biopsy as hepatoblastoma and treated with one 
cycle of chemotherapy before resection (Table 1). In comparison, 2 
vascular malformations with multiple macroregenerative FNH-like 
nodules without capillary proliferation including one case with heredi
tary haemorrhagic teleangiectasia (HHT) from adult patients were 
added and molecularly analysed.

Radiologic imaging of the lesions with documentation of growth/ 
involution rate was mostly not accessible, since most cases were refer
ence cases sent for tertiary consultation, partly from other states. 
However, in case 4, first suspected of hepatoblastoma, initial and post- 
chemotherapeutic size of the lesion was reported to be equal, with no 
tendency of growth or involution. This follow-up leads to overthink the 
diagnosis, with a re-biopsy and final resection. The premature infant 
(case 3) died short after biopsy due to renal failure. Both adult lesions 
were incidentally discovered by routine examinations and resected soon 
after since they were suspicious of HCC.

Only in case 1 of a 2-month-old girl, preoperative MRI imaging was 
provided (Fig. 1).

In none of the cases, vascular lesions outside the liver or a positive 
family history of vascular lesions were reported. As far as we now, there 
was not any intrauterine exposure to teratogens or toxins in the chil
dren’s cases. In the adult cases, no benign or malignant neoplasms were 
reported. Patient anamnesis was negative for excessive alcohol uptake 

Table 1 
Clinical presentation, material, molecular-pathologic findings regarding HVMPC and 2 added vascular malformations without capillary proliferation (molecularly 
proven HHT (case 7) and 1 wild-type vascular malformative lesion (case 8)).

Case 
No.

Sex, 
Age

Diagnosis Clinical Presentation Localisation Size Specimen Molecular 
Pathology

1 F, 2 
m

HVMCP Large, bulging mass exceeding into the abdomen with 
smooth borders suspected of rhabdoid tumour or 
hepatoblastoma. No relapse after 5 years.

Segment I/IV 11.5 cm Small wedge 
biopsy

n/a (Coverage too 
low)

2 F, 3 
m

HVMCP Premature infant with large, bulging liver mass 
extending into the abdomen. No relapse after 5 years.

Segment IV/V n/a Small wedge 
biopsy

n/a 
(Coverage too low)

3 M, 1 
m

HVMCP Premature infant (33 + 4). Clinical diagnosis: postnatal 
haemangioendothelioma, hemodynamically relevant. 
Renal failure and exitus letalis 20 days after birth.

Subcapsular 
localisation

n/a Small wedge 
biopsy

GNAQ 
(p.Q209H)

4 F, 8 
m

HVMCP Clinically suspected hepatoblastoma with elevated AFP. 
After diagnosis of hepatoblastoma on wedge biopsy 
neoadjuvant chemotherapy, 
3 m later hemihepat-ectomy. No relapse after 15 years.

Right liver lobe 8.0 × 5.0 
cm

Wedge biopsy, 
hemihepa- 
tectomy

GNAQ (p.Q209L)

5 M, 
27 y

HVMCP Incidentally detected, suspected of HCC. No relapse 
after 5 years.

Segment IVb 2.0 × 1.4 
cm

Resection GNA14 (p.Q205L)

6 M, 
42y

HVMCP Incidentally detected, suspected of HCC. No relapse 
after 2 years.

n/a 3.2 cm Resection wt

7 F, 46 
y

HHT with FNH-like 
macro-regenerative 
nodules

n/a Both liver 
lobes

multiple 
nodular 
lesions 
up to 1.5 cm

Liver 
transplant

ACVRL1 (p. 
Glu83SerfsTer39)

8 M, 
59 y

Vascular 
malformation with 
FNH-like nodules

n/a Complete adult 
liver

Ca. 20 cm Liver 
transplant

n/a
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or drug abuse. No relapse of disease was reported in 15 years (case 4), in 
5 years (cases 1–3, 5) and in 2 years (case 6) after resection (Table 1).

2.3. Samples

Formalin-fixed, paraffin-embedded specimens were used for diag
nosis and further immunohistochemical and molecular analyses. In 5 
cases, complete resection or (hemi)hepatectomia specimens were 
available. In 3 cases analyses were conducted on wedge biopsies not 
followed by resection.

2.4. Conventional histological and immunohistochemical analysis

Reference pathologists critically reviewed all cases for liver pathol
ogy and for paediatric oncologic pathology. Histopathological diagnosis 
was made using conventional staining methods (H&E, PAS, Elastica van 
Gieson, Gordon, Sirius, iron staining on serial slides). Tissue fragments 
2–3 μm thick were cut from paraffin blocks and mounted on Superfrost 
slides (Menzel Gläser, Brunswick, Germany). After deparaffinization 
with xylene and gradual rehydration, antigen retrieval was achieved by 
pressure cooking in 0.01 mmol/L citrate buffer for 5 min. The slides 
were incubated with the respective monoclonal antibodies, counter
stained with haematoxylin and mounted in an aqueous medium. 
Immunohistochemical characterisation of the endothelia was performed 
using antibodies against CD34 (Cellmarque/CE, QB End10, 1:700, Cit
rate), CD31 (Dako/CE, JC70A, 1:200, Citrate), D2-40 (Covance/CE, D2- 
40, 1:100, no dilution), ERG (Cellmarque/CE, EP111, 1:300, EDTA) and 
GLUT1 (Cellmarque/CE; polyclonal, 1:400, EDTA). The smooth-muscle 
vessel wall was visualized through SMA (Dako/CE, 1A4, 1:1000, EDTA), 
proliferation by Ki67 (ZetaCorp/CE, MIB1, 1:200, EDTA). The hepato
cytes were analysed for the expression of Glypican-3 (Cellmarque/CE, 
1G12, 1:50, EDTA). Staining was performed semi-automatically using a 
Ventana Benchmark Ultra immunostainer.

2.5. Molecular analysis

Analysis of variants was conducted with a special custom gene panel 
covering a broad range of genes that play a role either a role in liver 
carcinogenesis or in vasculogenesis and carry already known mutations 
in other vascular malformations. The list of genes our panel covered is 
depicted in Supplementary Table 1.

2.6. DNA extraction

For parallel molecular deep sequencing analysis (next-generation 
sequencing), DNA was extracted from the vascular lesions and from the 
background liver tissue ≥1.0 cm away from the lesion. Tissue from one 
representative paraffin block was macrodissected (using two to three 10- 
μm sections). DNA was extracted using the Maxwell RSC FFPE Plus DNA 
Kit (Promega) Kit (Promega, Mannheim, Germany) on a Maxwell RSC 
(Promega) following the manufacturer’s instructions.

2.7. Custom hybrid-capture-based sequencing assays

DNA was first quantified using the Tecan Trading AG (QuantiFluor 
dsDNA system, Männedorf, Switzerland). After enzymatic fragmenta
tion within a suitable range, library preparation and enrichment, a 
customized Twist bioscience panel was used following the manufac
turer’s instructions (Twist Biosciences, CA, USA) (Supplemental Table 1
– Genlist). Post-enriched libraries were sequenced on a NextSeq 500 or 
NovaSeq (Illumina Inc., San Diego, CA, USA). Sequencing data were 
analysed using an in-house pipeline. A 5 % cutoff for variant calls and a 
minimal coverage of >200 × were used for data interpretation.

3. Results

Clinical data, material, macroscopic features and molecular findings 
are listed in Table 1.

3.1. Macroscopic features

Resected cases of HVMCP were solitary, nodular lesions with blurred 
borders. One resected infant lesion measured 8.0 × 5.0 cm in diameter; 
the other resected infant lesion measured 11.5 cm. The lesions of the 2 
adult male patients measured up to 3.2 resp. 2.0 cm in diameter 
(Table 1). The large lesions showed a 3-zone architecture with a) a 
central regressive zone with gross calcifications and broad, radiating 
fibrotic septa; b) an intermediate zone with large blood vessels and 
nodular transformed liver parenchyma with interspersed fibrotic septa; 
and (c) a peripheral spongy zone with nodular disarranged liver pa
renchyma (Fig. 2). The lesions developed in normally appearing liver 
parenchyma. Both added lesions of adult patients without capillary 
proliferation consisted of macro-regenerative nodules similar to FNH in 

Fig. 1. Radiologic findings (MRI) of an 11.5 cm measuring HVMCP (arrows) in liver segments I/IV of a 2-month-old girl (case 1).
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an area up to 10 resp. 20 cm.

3.2. Histologic and immunohistochemical features

Basically, all cases of HVMCP presented focal vascular malformative 
lesions including venous-like, arterial, cavernous blood vessels as well as 
ectatic and densely packed capillary formations associated with dis
arranged liver parenchyma. Liver tissue outside the lesions appeared 
inconspicuous. Even the wedge biopsies of the infants contained irreg
ular thin-walled malformed anastomosing vessels (Fig. 3A). Central 
parts of the large resection specimen included regressive fibrosis and 
calcifications. The smaller adult lesions comprised cavernous malformed 
vessels (Fig. 4A and B). Next to them, prominent capillaries surrounded 
broadened liver trabecules, giving the impression of a primary hepato
cellular neoplasm (Fig. 3B and C; Fig. 4C and D). Remarkably, in the 
wedge biopsy of the 8-month-old child, taken after the first cycle of 
chemotherapy, the hepatocytes in the vascular lesion and those in the 
surrounding liver parenchyma both reacted intensely with Glypican-3 

(Fig. 2A). These findings gave reason for the primary diagnosis of a 
foetal hepatoblastoma. Capillaries were lined with monolayered endo
thelial cells with slightly prominent roundish nuclei (Fig. 3C). The in
termediate and outer parts of the lesions contained closely packed 
capillary proliferations dissecting the liver parenchyma (Fig. 3D and 
4D). Isolated bile ducts (Fig. 4D and E), large isolated arteries and 
accompanying veins without bile ducts (Fig. 4D–F) underline that portal 
structures were part of the malformative process. Immunohistochemi
cally, CD34 (Fig. 3D; Fig. 4E and F), CD31 and Erg highlighted the 
vascular nature of dilated blood vessel channels and capillaries. GLUT1 
was not expressed in any lesion (Fig. 3E and 4G). Only few Ki67-positive 
nuclei revealed the low proliferative activity of the capillary proliferates 
and bystander cells (Fig. 4H). The intensely Glypican 3-positive infant 
case reacted only weakly with this antibody 3 months after the initial 
wedge biopsy (Fig. 3F). The intra- and extra-lesional liver parenchyma 
of the adult cases was negative for Glypican-3.

The added vascular malformations without capillary proliferation 
consisted of pathological thick- and thin-walled anastomosing vessels 

Fig. 2. Congenital hepatic vascular malformation with capillary proliferations in an 8-month-old infant (Case 4): (A) Wedge biopsy from the lesion with a positive 
reaction for Glypican 3. (B) Cross-section through the resection specimen 3 months after 1 cycle of chemotherapy. Depiction of the trizonal architecture with a central 
regression zone with coarse calcifications. Large pathologically structured ectatic vessels in the intermediate zone and a spongy solid, nodularly trans
formed periphery.
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interconnecting with sinusoidal ectasias. In contrast to the HVMPC 
cases, they were associated with a disarranged lobular architecture of 
the liver parenchyma and macroregeneratory nodules with character
istics of focal nodular hyperplasia.

3.3. Molecular pathologic findings

We detected a post-zygotic missense mutation in GNAQ at glutamine 
209 (p.Q209L) in the small-capillary components in 2 infant lesions 
(case 3 and 4) and a corresponding mutation in the paralogous gene 
GNA14 (p.Q205L) in the small-capillary component of the adult lesion 
(case 5) (Fig. 5). Low coverage did not allow for molecular analysis in 
two infant wedge biopsies (case 1 and 2) without a following resection. 
The second adult case of HVMPC (case 6) was a wild-type lesion 
(Table 1). One of the added vascular malformations with associated 
FNH-like macroregenerative nodules showed a to date unknown 
ACVRL1 (ALK1) mutation (ACVRL1 EX3: c.246del; p.Glu83SerfsTer39) 
according to HHT (case 7). The other one was a wild-type lesion in our 
analysis (case 8).

Mutations detected in subtypes of hepatic adenoma or playing a role 
in liver carcinogenesis like hTERT-promotor mutations or CTNNB1 

mutations (β-catenin) were not found (see Supplementary Table 1). Also, 
mutations in genes engaged in angiogenesis and angioproliferation or 
mutations already known from other vascular malformation syndromes 
(ie. pulmonal artery hypertension) were not detected.

4. Discussion

HVMCP is a rare, largely unknown and therefore rarely diagnosed 
benign vascular lesion of early childhood. To date, its molecular back
ground is unexplored. For the first time, we describe 2 cases in adults 
and compare them with lesions in early childhood. We also conducted 
extensive molecular analysis to obtain further insight into the nature of 
these lesions. Clearly malformed thin-walled ectatic, irregularly herni
ated and thick-walled stenosed venous and cavernous vessels, accom
panied by large arteries, represent the basic vascular malformation. It is 
combined with more peripherally sited, densely capillarized areas which 
penetrate and dissect the surrounding liver parenchyma. Apart from the 
underlying tissue, HVMCP morphologically resembles angiomatosis 
resp. diffuse haemangioma of soft tissue, which also becomes symp
tomatic in infancy. Nevertheless, if not diagnosed and resected in 
childhood, HVMCP will likely also be primarily observed in adulthood, 

Fig. 3. Congenital hepatic vascular malformation with capillary proliferation in an 8-month-old infant: (A) Irregular, partially cavernous, thin-walled malformed 
anastomosing blood vessels in the centre of the lesion (asterisk) (EvG). (B) Broad liver trabecules imitating a foetal hepatoblastoma between anastomosing ectatic 
capillaries. (C) Capillary endothelial cells with slightly prominent roundish nuclei. (D) Densely packed CD34-positive capillaries dissecting the liver parenchyma. (E) 
GLUT1-negative capillaries. (F) Only few weekly Glypican 3-positive hepatocytes 3 months after wedge biopsy.
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Fig. 4. Microscopic and immunohistochemical aspects of a congenital hepatic vascular malformation with capillary proliferation in an adult male patient (case 5): 
(A) Overview demonstrating a malformed thin-walled cystic blood vessel in the centre of the lesion (asterisk). (B) Large, pathologically malformed cavernous blood 
vessels (asterisk) with incomplete media underlining the malformative character of the lesion. (C) Capillary proliferation dissecting the liver parenchyma and a 
malformed portal field with an isolated bile duct and an isolated artery (right). (D) Irregularly running broadened liver plates of disarranged liver parenchyma are 
imitating a hepatocellular neoplasm; prominent capillaries are imitating an endothelial tumour. (E) Strong immunohistochemical CD34 expression of densely packed 
capillaries, here resembling hepatic small-vessel neoplasm. Isolated bile ducts (asterisk) underline that portal structures are part of the malformative process. (F) 
Large isolated arteries (asterisk) and accompanying vein (arrow) without bile duct underline the malformative process (CD34) (G) Capillaries are negative for GLUT1. 
GLUT1-positive erythrocytes in the capillary lumina serve as an internal positive control. (H) Low proliferative activity of the capillary proliferates and bystander 
cells (Ki67).
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as we demonstrated in 2 of our cases. Its characteristic histomorphology 
combined with a broader age spectrum also justifies a more extensive 
differential diagnosis of HVMCP, particularly in biopsy material.

HVMPC are solitary lesions, in contrast to occasionally multifocal 
HIH [10–12]. GLUT1-positive HIH can resemble the monotonous 
compact capillary areas of HVMCP, which however do not react with 
this glucose transport protein. Central areas of large HVMCP might show 
extensive degenerative changes and do not regress completely, unlike in 
HIH. Furthermore, distinction from GLUT1-negative, rapidly or partially 
or non-involuting HCH (RICH or PICH or NICH) on biopsies is essential 
and demands thorough histopathological examination of the malformed 
blood vessels which characterise HVMCP. Fibrosis and malformed blood 
vessels can be observed particularly in central areas of the RICH, which 
can result in zonation in some of these lesions. However, especially our 
adult cases do not cover the definition of a rapidly involuting congenital 
haemangioma. The structural abnormalities demonstrated in our cases 
(large isolated arteries and accompanying veins without bile ducts and, 
on the other hand, isolated bile ducts without accompanying portal 
veins and hepatic arteries, demonstrated in Fig. 4, case 5, adult) show a 
basic malformative process including portal structures without addi
tional signs of regression. This finding cannot be explained as a sec
ondary phenomenon. It is possible that the mutation in GNA14 detected 
here is a secondary event and the basis of the capillary proliferation on 
the primary malformation.

The intra-lesional liver parenchyma of HVMCP can form broader 
trabecules surrounded by a CD34-positive microvascular bed. This 
pattern might imitate a true hepatocellular neoplasm, in particular 
hepatoblastoma in infancy and hepatocellular adenoma or even well- 
differentiated hepatocellular carcinoma in adulthood. In doubtful 
cases, a further analysis of the hepatocellular component with immu
nohistochemical markers characterising HCA or HCC could be neces
sary. In infants, the intralesional liver parenchyma might retain its foetal 
character, as demonstrated by a significant Glypican-3- and glutamine 
synthetase-expression. This might explain the initial diagnosis of foetal 
hepatoblastoma in one of the infants’ wedge biopsies. Nevertheless, the 
vascular malformation could be detected in the primary wedge biopsy; 
furthermore, the extra-lesional parenchyma reacted positive with this 
oncofoetal protein, which was nearly completely lost in the resection 
specimen 8 months later. The other cases of the study were negative for 
Glypican-3.

HVMCP should be differentiated from other malformative vascular 
lesions of the liver, such as hereditary haemorrhagic teleangiectasia 
(HHT; Osler-Weber-Rendu disease) (case 7). This generalized disease is 
characterised by arteriovenous anastomoses which are partly connected 
by ectatic sinusoids. It lacks capillary proliferation and is based on 
characteristic mutations in ALK1/ACVRL1 c.314-35A > G (Activin 
receptor-like kinase 1/TGFβRI (TGFβ receptor ALK1)) and ENG c.207G 
> A (Endoglin/TGFβ1 coreceptor/TGFβRIII) (see below), as shown in 
one of our added lesions (Berg 1997) [18–21].

At first glance, cavernous haemangiomas and diffuse haemangio
matosis with anastomosing thin-walled vessels might imitate a true 
vascular malformation, particularly in peripheral areas or small satellite 
nodules [22]; however, capillary proliferation is lacking in these tu
mours. A prominent capillarization followed by pronounced or isolated 
liver plates can be found in the periphery of hepatic angiosarcoma. 
These tumours should be identified by atypical endothelial cells with 
large nuclei, high proliferative activity and overexpression of p53 [23].

In adult cases, HSVN is a relevant differential diagnosis. These rare 
solitary, poorly demarcated, unencapsulated tumours consist of thin- 
walled small capillaries lined by bland endothelial cells with horse
shoe nail-like nuclei. The capillaries are embedded in a scant collage
nous stroma including small hepatocytes and ductular structures, 
particularly in peripheral parts of the lesions [14–17]. These 
low-proliferative tumours are negative for p53 and GLUT1. In contrast 
to HVMCP, an underlying vascular malformation is missing.

HSVN and HCH are characterised by hotspot GNAQ/GNA11/GNA14 
[5–7,10,17] mutations and, in case of HSVN, also by PIK3CA mutations 
[16]. This observation drew our attention to putative mutations in 
HVMCP that either play a role in angiogenesis and angioproliferation or 
encode proteins active in intracellular signal transduction. Indeed, in 3 
of 4 analysable cases of HVMCP, we demonstrated an activating somatic 
mutation at glutamine 209 in GNAQ or at glutamine 205 in the paral
ogous gene GNA14 in the capillary tumour component. Small wedge 
biopsies from non-resected infant cases did not allow for further mo
lecular analysis. One adult HVMCP was a wild-type case. GNAQ and 
GNA14 are over 90 % homologous, and they code for the q class of G 
proteins that transmit signals from G-protein-coupled receptors (GPCRs) 
to phospholipase C-beta (PLC-β) [24]. Activation of the GNAQ protein 
leads to hyperactivation of effector molecules, particularly PLC-β, 
mitogen-activated protein kinase (MAPK/ERG) and the KRAS signal 

Fig. 5. Molecular analysis of HVMCP demonstrating a hyperactive postzygotic activating somatic mutation in GNAQ at glutamine 209 (p.Q209L) in an infant lesion 
(case 4) and an analogous mutation in GNA14 (p.Q205L) in an adult lesion (case 5).
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pathway [25,26]. Schrenk et al. [25] demonstrated the effect of GNAQ 
activation on the formation of malformed capillary and venous vessels in 
the subcutaneous, visceral and brain tissue using mouse models whose 
concept of GNAQ mutation-driven vascular pathology could be trans
ferred to the liver. Previous studies on dermal vascular lesions showed 
that these activating GNAQ mutations can be observed in congenital 
vascular tumours [27] and in syndromic lesions such as Sturge-Weber 
syndrome and port-wine stain nevus [28]. Therefore, our observation 
of activating GNAQ/GNA14 mutations in a tumour-like congenital 
vascular malformation of the liver coincides with previously observed 
GNAQ-activated syndromic vascular lesions of the skin and conse
quently assigns HVMCP to the spectrum of mutation-driven vascular 
lesions. Furthermore, in a proof-of-concept mouse model, Schrenk et al. 
[25] demonstrated a clear effect of the MAPK/ERK inhibitor trametinib 
on the regression of pathological blood vessels and hyperproliferation, 
reduction of vascular permeability by disruption of VE-Cadherin 
expression in adherens junctions and hypercoagulation in initial pre
clinical studies [25]. HVMCP can be treated by liver resection. Recur
rence of HVMCP after resection is not described in the few case reports 
[1,29] and not observed in our cases. The presence of GNAQ/GNA14 

mutations in very large and hemodynamically relevant HVMCP could in 
the future open up a new therapeutic concept for these lesions with 
MEK/ERK inhibitors as an alternative to surgical resection with a high 
intraoperative risk of morbidity or mortality.

5. Conclusion

In conclusion, we classify GNAQ-/GNA14-mutated HVMCP as a rare, 
focal tumour-like vascular malformation that we describe for the first 
time in adults. Given its clinical behaviour with partly pre- or perinatal 
existence and lack of involution in the course as well as its characteristic 
macro- and microanatomy, very large lesions can cause life-threatening 
hemodynamic complications, such as KMS. Furthermore, trabecular 
disarrangement of the involved liver parenchyma can lead to a clinico- 
pathological misdiagnosis as hepatoblastoma in childhood cases. In 
contrast to infantile haemangioma of the liver, spontaneous involution is 
lacking. Lesions which were not discovered in infancy might present first 
in adulthood. In this context, HVMCP has to be differentiated from 
vascular neoplasms, particularly from GNAQ-/GNA14-mutated hepatic 
congenital haemangioma, hepatic small vessel neoplasia and solid 

Fig. 6. Differential diagnostic algorithm for HVMCP versus other well differentiated hepatic capillary lesions.
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malignant hepatocellular tumours. The detection of driver mutations in 
the G-protein-coding genes with activation of the downstream MAPK/ 
ERK pathway may open up a new future treatment option for non- 
resectable lesions with the MAPK/ERK inhibitor trametinib, which 
shows a promising effect on GNAQ-driven vascular lesions in the mouse 
model.
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DNA Deoxyribonucleic acid
GLUT1 Glucose transporter 1
G-protein Guanin nucleotide-binding protein
GPCR G-protein-coupled receptors
FFPE Formalin-fixed, paraffin-embedded tissue
FNH Focal nodular hyperplasia
HCH Hepatic congenital haemangioma
HHT Hereditary haemorrhagic teleangiectasia
HIH Hepatic infantile haemangoma
HVMCP Hepatic vascular malformation with capillary proliferation
ISSVA International Society for the Study of Vascular Anomalies
KSM Kasabach-Merrit syndrome
KRAS Kirsten rat sarcoma viral oncogene homologue
NICH Non involuting congenital haemangioma
PAS Periodic Schiff acid
PICH Partially involuting congenital haemangioma
PIK3CA Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic 

subunit alpha
RICH Rapidly involuting congenital haemangioma
RNA Ribonucleic acid
SMA Smooth-muscle antigen
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