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Summary

Characteristic but rare vascular neoplasms in the adult liver composed of small vessels with an
infiltrative border were collected from an international group of collaborators over a 5-year period
(N =17). These tumors were termed Aepatic small vessel neoplasm (HSVN), and the histologic
differential diagnosis was angiosarcoma (AS). The average age of patients was 54 years (range,
24-83 years). HSVN was more common in men. The average size was 2.1 cm (range, 0.2-5.5 cm).
Diagnosis was aided by immunohistochemical stains for vascular lineage (CD31, CD34, FLI-1),
which were uniformly positive in HSVN. Immunohistochemical stains (p53, c-Myc, GLUT-1, and
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Ki-67) for possible malignant potential are suggestive of a benign/low-grade tumor. Capture-based
next-generation sequencing (using an assay that targets the coding regions of more than 500
cancer genes) identified an activating hotspot GNAQ mutation in 2 of 3 (67%) tested samples, and
one of these cases also had a hotspot mutation in P/IK3CA. When compared with hepatic AS (n =
10) and cavernous hemangioma (n = 6), the Ki-67 proliferative index is the most helpful tool in
excluding AS, which demonstrated a tumor cell proliferative index greater than 10% in all cases.
Strong p53 and diffuse c-Myc staining was also significantly associated with AS but not with
HSVN or cavernous hemangioma. There have been no cases with rupture/hemorrhage,
disseminated intravascular coagulation, or Kasabach-Merritt syndrome. Thus far, there has been
no metastasis or recurrence of HSVN, but complete resection and close clinical follow-up are
recommended because the outcome remains unknown.

Keywords
Liver; Hemangioma; Angiosarcoma; Hepatic small vessel neoplasm; GNAQ

1. Introduction

Over the last 5 years, samples of a rare vasoformative liver tumor have been collected for
evaluation. These have been seen or sent to major liver centers in consultation with the
differential consideration of hepatic angiosarcoma (AS) because they have small vascular
channels with an infiltrative border. Presented here are the clinical, histologic, and molecular
evaluations of this rare vascular neoplasm in the adult liver. This study also investigated
immunohistochemical stains (IHCs) that can be used to differentiate this small vessel-type
neoplasm, which we have termed hepatic small vessel negplasm (HSVN).

2. Materials and methods

2.1. Case selection

HSVN cases (N = 17) were defined morphologically as an infiltrative vasoformative
neoplasm composed of small vessels without diagnostic features of cavernous hemangioma
or hepatic AS; cases were identified by an international group of collaborators based on
reference images of initial cases identified at the University of California, San Francisco
(UCSF) by R. M. G. and L. D. F. Samples ranged from biopsy (n = 11) to partial resections
(n = 3), to hepatectomies (n = 2), and to autopsy (n = 1). For comparative study, cavernous
hemangioma (n = 6) and vasoformative (ie, rather than epithelioid) hepatic AS (n = 10)
cases selected from UCSF Department of Pathology files (cases were selected based on
original diagnosis at UCSF [verified by R. M. G. and L. D. F.] and availability of tissue for
further testing), including biopsies and resections, were studied. Demographic and follow-up
data were extracted from the clinical records when possible. This research was approved by
the UCSF Institutional Review Board.

2.2. Immunohistochemistry

All formalin-fixed, paraffin-embedded tissue samples were routinely processed, and serial
sections from representative paraffin blocks were used for hematoxylin-eosin staining and
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immunohistochemistry. Immunohistochemical analysis was performed using standard
techniques. Briefly, 4-um paraffin-embedded sections were heat-treated; deparaffinized:;
heated in citrate buffer; blocked for endogenous peroxidase, avidin, and biotin; and
incubated with antibodies for either Ki-67 (Dako, Carpinteria, CA, clone MIB-1, 1:50), p53
(\ector, Burlingame, CA, clone DO7, 1:100), CD34 (Leica, clone Buffalo Grove, IL, QB-
END/10, predilute), CD31 (Leica, clone 1A10, predilute), FLI-1 (Cell Marque, Rocklin, CA,
Prep Kit 20), GLUT1 (Cell Marque, polyclonal, predilute), or c-Myc (Abcam, Cambridge,
United Kingdom, clone Y69, 1:50). A subset of cases was also evaluated with additional
antibodies: pancytokeratin (Dako, clones AE1 and AE3, 1:100; Becton-Dickinson, Franklin
Lakes, NJ, clone Cam 5.2, 1:100), HHV8 (Vector, clone 13B10 1:100), and CD8 (Leica,
clone 4B11, predilute). Sections were subsequently washed and developed with the Vector
ABC kit. For Ki-67, the percentage of immunoreactive tumor cells was manually determined
in hotspots, with at least 200 cells counted; any intensity of nuclear staining was scored as
positive. For p53, any strong nuclear staining was scored as positive. For c-Myc, only
staining of >50% of tumor nuclei (ie, diffuse) was considered positive [1]. For CD34, CD31,
FLI-1, and GLUTZ, any degree of staining was scored as positive. Slides were reviewed by
R. M. G., B. B. (c-Myc), and L. D. F.

2.3. Molecular testing

Three HSVN cases (2 resections and 1 wedge biopsy) and 2 cavernous hemangioma
resections were chosen for DNA extraction and molecular analysis using the “UCSF 500
panel.” Capture-based next-generation sequencing was performed at the UCSF Clinical
Cancer Genomics Laboratory using an assay that targets the coding regions of more than
500 cancer genes, including selected introns for some genes. Sequencing libraries were
prepared from genomic DNAs extracted from both tumor and normal hepatic tissue. Target
enrichment was performed by hybrid capture using a custom oligonucleotide library.
Sequencing was performed on an Illumina HiSeq 2500. Duplicate sequencing reads were
removed computationally to allow for accurate allele frequency determination and copy
number calling. The analysis was based on the human reference sequence UCSC build hg19
(NCBI build 37) using the following software packages: BWA (0.7.10-r789), CNVKkit
(0.3.3), Samtools (1.1 [using htslib 1.1]), Pindel, Picard tools: 1.97 (1504), IGV, GATK
(2014.4-3.3.0-0-ga3711), Nexus Copy Number, SATK (2013.1-10-gd6fa6c3), Freebayes,
Annovar (v2015Mar22), and Delly. Methods are similar to those used in testing of a recently
described smaller gene panel [2].

2.4. Statistical analysis

Analyses were performed using Student Ztest, ;(2 test, and analysis of variance, and P < .05
was considered statistically significant.

3. Results

3.1. Study populations

Study population details are presented in Table 1. The average age for HSVN patients was
54 years (range, 24-83 years), and there was a marked male predominance. The average size
for HSVN, as determined by imaging or gross measurements (as indicated in pathology
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reports), was 2.1 cm (range, 0.2-5.5 cm). The most common HSVN clinical presentation
was with an incidental/asymptomatic single liver mass on imaging for a different clinical
indication. In 1 potentially symptomatic case, there was only a “mild” elevation in liver
function test results (LTs), of uncertain clinical significance, so it is unclear if LT changes
were due to the tumor. One patient’s hepatic tumor was considered suspicious for focal
nodular hyperplasia on imaging, which led to biopsy. In another patient, HSVN was
misinterpreted, on imaging, as metastatic neuroendocrine tumor, and transarterial
chemoembolization (TACE) was performed (with no apparent treatment effect) before
biopsy. All HSVN patients for which there was follow-up (including 6 patients with residual
tumor) were alive without evidence of metastasis or recurrence (when completely resected)
(Table 1), in contrast to hepatic AS, which was uniformly fatal in a short time period.
Patients with resection of cavernous hemangioma were all alive up to 6 years after diagnosis,
as expected.

3.2. Gross and morphologic features

Gross evaluation, after fixation, demonstrated a poorly circumscribed unencapsulated pale
tan to brown hemorrhagic lesion without cystic spaces or grossly apparent vessels (Fig. 1).
All cases demonstrated similar histology showing an infiltrative tumor composed of thin-
walled small vascular spaces lined by flat to plump-oval (ie, hobnail-like) endothelial cells
without papillary growth, hyperchromasia, multilayering, mitotic activity, nucleoli, necrosis,
or nuclear irregularity/pleomorphism (Fig. 2A-D). Luminal red cells were present, and
occasional cases demonstrated extramedullary hematopoiesis (Fig. 2E). Rare luminal
hyaline globules and thrombosis were noted in one case. Surrounding hepatic parenchyma
may demonstrate variable hepatocyte plate expansion (Fig. 2F), sometimes with focal
nodular hyperplasia-like changes, to a degree that may mimic well-differentiated
hepatocellular carcinoma. The infiltrative tumor border, in which tumor cells can infiltrate
between hepatic plates and around portal tracts, is further highlighted with IHC for vascular
markers (Fig. 3A and B). None of the cases had features of cavernous hemangioma
intermixed with the small vessel tumor, and the surrounding parenchyma was otherwise
unremarkable (beyond occasional variable macrovesicular steatosis) [3]. Transarterial
chemoembolization was attempted on 3 of the reported cases of HSVN but with no obvious
treatment effect (Fig. 4).

3.3. Immunohistochemical results

IHCs for vascular markers (CD34, CD31, and FLI-1) were uniformly and strongly positive
in all cases (N = 17). Pancytokeratin, HHV8, and CD8 immunostains were negative in the
initial diagnostic workup of several HSVN cases. IHCs for potential malignant behavior
(GLUT-1, p53, Ki-67, and c-Myc) were performed on HSVN cases based on tissue
availability (GLUT1, n = 13; p53, n = 14; Ki-67, n = 16; and c-Myc, n = 14), which show a
significant difference between mean Ki-67 proliferative index for HSVN (Fig. 5A) and
hepatic AS (Fig. 5B) (3.7% and 42.8%, respectively), as well as strong positive nuclear
staining for p53 restricted to hepatic AS (Fig. 5C and D) (Table 2). GLUT1 and c-Myc stains
were only positive in hepatic AS, but only 2 hepatic AS cases were positive for each stain
(although the c-Myec result was still significantly different when compared with HSVN).
Cavernous hemangioma cases showed no proliferative activity (with Ki-67 IHC) and absent

Hum Pathol. Author manuscript; available in PMC 2017 January 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gill et al.

Page 5

GLUT1 and p53. The Ki-67 proliferative index was a helpful discriminator between hepatic
AS and HSVN; a cutoff of 10% for the diagnosis of hepatic AS resulted in 100% sensitivity
and specificity for making a distinction between hepatic AS and HSVN.

3.4. Molecular results

Sequencing of 510 genes in 3 HSVN cases revealed an activating hotspot GMAQ mutation in
2 of 3 samples. These 2 HSVN cases had a somatic p.Q209H mutation present at 19% and
18% mutant allele frequency in the tumor, respectively. This mutation is at one of the
activating hotspots in GMAQ and has been described as recurrently mutated in uveal
melanoma [4,5] and blue nevi [4]. One of these 2 cases also demonstrated an activating
hotspot mutation in P/IK3CA (p.H1047R) at 20% mutant allele frequency. The third case did
not have known activating hotspot mutations in GNAQ or PIK3CA but did have a stop-gain
mutation in AMERI (although this was present only at 3% mutant allele frequency, so its
significance is unclear) (Supplementary Table).

We also sequenced 2 cavernous hemangioma cases as controls. Neither case had GNAQ
mutations or other pathogenic mutations. No mutations or gene amplifications in genes
associated with AS (eg, PTPRB, PLCG1, TP53, MYC, KDMG6A, or KDR) [6,7] were
identified in either HSVN or cavernous hemangioma cases, and there was no overlap
between HSVN and published tumor profiles for AS [6,8-11].

4. Discussion

Distinction between benign and malignant hepatic vascular tumors is generally
straightforward. Cavernous hemangiomas are well-circumscribed benign tumors that are
readily diagnosed on histologic evaluation by their characteristic large vascular spaces lined
by flat uniform endothelial cells and underlying thick fibrous septa. Unlike cavernous
hemangiomas, vasoformative hepatic ASs have scant stroma and can subtly infiltrate into
hepatic sinusoids and separate hepatic plates (ie, a scaffolding pattern). HSVN represents a
hepatic vascular tumor of uncertain malignant potential that may be mistaken for AS due to
an infiltrative growth pattern but which lacks the marked cytologic atypia of some AS cases.

By molecular analysis, 2 of 3 HSVN cases had the same activating hotspot GNAQ mutation,
which is consistent with a clonal/neoplastic proliferation. GMAQ hotspot mutations have
previously been described as a frequently mutated gene in melanocytic neoplasms [4,5]
including benign blue nevi [4] and have recently been reported in lesional tissue in the
majority of patients with Sturge-Weber syndrome and port wine stains [12,13]. GNAQ
encodes a G-protein; G-proteins generally link cell membrane receptors to intracellular
signaling pathways. In 2 of 3 HSVN cases, the GMAQ mutation was at a hotspot in which
mutations have been shown to activate the protein (p.Q209H) [4]. By contrast, the 2
sequenced cavernous hemangioma cases showed no abnormalities in GNAQ or genes
associated with AS, supporting their classification as benign vascular proliferations. By IHC
evaluation, HSVN did have a higher Ki-67 proliferative index than cavernous hemangioma,
but proliferative index was still significantly lower than hepatic AS. There was proliferative
index heterogeneity in AS resection specimens; thus, a low Ki-67 proliferative index does
not entirely exclude AS when evaluated on a small core biopsy. On the other hand, none of
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the HSVN resection cases had a proliferative index greater than 10% anywhere in the tumor,
supporting consideration of proliferative index as a positive predictor of hepatic AS, in this
scenario. HSVN did not show significant p53, GLUT1, or c-Myc immunostainings, which
were all diffusely positive in a subset of hepatic ASs (although only p53 and c-Myc were
significant discriminators in statistical analysis).

The term small vessel hemangiomawas used in our 2012 and 2013 abstracts [14,15] to
reflect an initial impression that this tumor was probably benign. Over the next 3 years, as
we collected more cases, we encountered 1 patient with HSVN who also had evidence of a
splenic mass (consistent with hemangioma on imaging), so although we have not
encountered any examples of definite metastasis, our follow-up is limited for complete
exclusion of latent metastasis/recurrence. In addition to the activating hotspot GNAQ
mutation described above, 1 HSVN case demonstrated an activating hotspot mutation in
PIK3CA, which is an established hotspot oncogenic mutation in numerous cancers,
including breast cancer, in which it is linked to carcinogenesis and/or tumor dedifferentiation
[16-18]. Given the molecular findings and limited follow-up thus far, we recommend
complete resection and close clinical follow-up for all patients. Molecular profiling of
additional cases is needed to fully characterize the spectrum and significance of pathogenic
mutations. A limitation of our study is that only core biopsy material is available for more
than half of our cases, which limits comprehensive molecular analysis of all samples. As
molecular testing becomes more commonplace, we expect to obtain additional data on our
clinical cases that will provide more information on the frequency of activating hotspot
GNAQ mutations in HSVN.

Although the mechanism of disease for HSVN is poorly understood, our finding of the same
activating hotspot GAMAQ mutation in 2 of 3 cases (1 of which also demonstrates hotspot
PIK3CA mutation) is an important first step in fully characterizing HSVN tumorigenesis and
malignant potential. GAMAQ mutation testing in other vascular tumors in the liver, soft tissue,
or other organs could provide evidence for a unifying molecular alteration in a subset of
vasoformative tumors. Investigation into the basic mechanisms of GAMAQ function is needed
to determine its potential role in endothelial cell biology. Ultimately, if HSVN behaves
similar to cavernous hemangioma, then in addition to possible genetic factors, future
investigations could explore possible associations with estrogen and autoimmune diseases,
as has been described in cavernous hemangioma [19-22]. Epidemiologic study of hepatic
AS has revealed associations with specific toxins and drugs (eg, arsenic, inorganic copper,
anabolic steroids, polyvinyl chloride, and thorium dioxide [with remote exposures of up to
65 years reported]) [3,23,24], but most cases are idiopathic [25]. We did not find any specific
toxin or drug exposure in review of HSVN patient history. MYC amplification has been
established in some primary (non—radiation-associated) cutaneous ASs [1], and a subset of
nonhepatic, sporadic ASs has abnormal p53/ 7P53[26]; we found IHC evidence to support
similar changes in hepatic AS but no IHC or molecular evidence of a MYCor TP53
abnormality in HSVN.

The term anastomosing hemangioma has been proposed to describe a group of 6 vascular
neoplasms composed of anastomosing “capillary-sized” vessels in liver and gastrointestinal
tract; based on the description and published images in this 2013 report [27], some of the
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reported hepatic “anastomosing hemangioma” cases could have represented the same entity
we have classified as HSVN. However, in the “anastomosing hemangioma” series, 50% of
the liver tumors (2/4 hepatic cases) had intermixed features of cavernous hemangioma [27],
which were not a feature in our series. Cavernous hemangioma may commonly have some
smaller vessels at the periphery (although usually they are not as small as in HSVN), so it is
not clear if these cases included in the “anastomosing hemangioma” study represent a
cavernous hemangioma variant with features intermediate between cavernous hemangioma
and HSVN, or a point in tumoriogenesis for all HSVN cases. In our search for HSVN cases,
we encountered several cases of cavernous hemangioma with variable small vessels, but
only 1 had regions that could potentially mimic HSVN on core biopsy (Fig. 6A and B).
Another difference between HSVN and “anastomosing hemangioma” is the obvious
infiltration into hepatic parenchyma of the former, whereas “anastomosing hemangioma”
cases were described, on histologic evaluation, as sharply demarcated from surrounding liver
parenchyma [27]. Similar-appearing lesions in the kidney, testes [28], and gastrointestinal
tract [27] have also been termed anastomosing hemangioma. Thus, given the morphologic
differences between hepatic “anastomosing hemangioma” and HSVN, uncertain malignant
potential, and presence of the same pathogenic genetic abnormality in 2 of 3 cases of HSVN,
we favor a distinct diagnosis of HSVN for infiltrative vasoformative hepatic tumors without
features of cavernous hemangioma or angiosarcoma.

Interestingly, the term capillary hemangioma was used for classification of the first
published image of a liver tumor that may represent what we have termed ASVN/[29],
although only high-power photomicrographs of the tumor were presented (along with
ultrasonographic findings). This designation is not ideal for classification of a newly
recognized liver tumor, as HSVN may not share clinical or molecular features with
cutaneous capillary hemangioma. Other reports on “capillary hemangioma” in the liver are
of uncertain significance; either no histologic images have been shown, or the published
images have not demonstrated the features of HSVN [30-32].

Imaging of these tumors is inconclusive, and in our series, radiologist impressions ranged
from atypical vascular tumor to neuroendocrine tumor to HCC; biopsy is clearly needed for
diagnosis [31]. In one possible description of this tumor as a “capillary hemangioma” of
liver, ultrasonographic evaluation was described in detail, and the tumor is reported as
hypoechoic and heterogenous [29]. On contrast-enhanced ultrasonography (with
perfluorobutane), the tumor strongly enhanced rapidly and was homogeneous in the arterial
predominant phase (and still enhanced in the portal predominant phase but was isoechoic to
liver in the postvascular phase) [29]. Nonspecific magnetic resonance imaging findings have
also been reported [33]. We noted cases with significant expansion of hepatocyte plates
adjacent to the vascular tumor, which has been described in hemangiomas [34], or with
focal-nodular hyperplasia-like change, which could impart the impression of a hepatic
nodule on imaging and which should not be confused with hepatocellular carcinoma [34].

In summary, this study describes a series of rare vasoformative hepatic neoplasms that are
infiltrative and composed of small vessels, which can histologically mimic hepatic AS. This
tumor has behaved in a benign fashion, but there is limited follow-up thus far, and given its
infiltrative growth pattern and our molecular findings, we recommend resection and long-

Hum Pathol. Author manuscript; available in PMC 2017 January 18.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gill et al.

Page 8

term follow-up. IHC, in particular Ki-67, p53, and c-Myc, can help in distinguishing HSVN
from hepatic AS on small core biopsies, and there may be roles for molecular testing in
diagnosis and management; in particular, an activating hotspot GNAQ mutation (p.Q209H)
may represent a recurrent genetic abnormality.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
HSVN gross photograph (after fixation) demonstrates a mottled tan brown unencapsulated

tumor with a poorly circumscribed border (image courtesy of Dr Gretta Jacobs, Cleveland,
OH).
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Fig. 2.
HSVN, representative images. A, HSVN composed of thin-walled small vascular spaces

with an indistinct border (H&E stain, original magnification x20). B, HSVN demonstrating
extensive infiltration into sinusoids and around steatotic parenchyma (H&E stain, x100). C,
HSVN, on biopsy, with parenchymal infiltration (H&E stain, x200). D, HSVN composed of
small vessels lined by flat to plump oval tumor cells with infiltration into sinusoidal space at
edge of the tumor (H&E stain, x400). E, HSVN with extramedullary hematopoiesis (H&E
stain, x400). F, Expanded hepatic plates adjacent to HSVN (reticulin stain, x400).
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Fig. 3.

HgVN immunohistochemical staining with vascular markers. A, CD34
immunohistochemical stain demonstrates tumor infiltrating around portal tracts (x100). B,
Fli-1 immunohistochemical stain highlights tumor infiltrating through fatty hepatic
parenchyma (x100).
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Fig. 4.
HSVN with embolization material but no evidence of treatment effect (H&E stain, x100).
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Fig. 5.

In?munohistochemical stains to distinguish HSVN from hepatic AS. A, HSVN with a low
proliferative index (Ki-67 labels luminal extramedullary hematopoiesis) (Ki-67
immunohistochemical stain, x400). B, Hepatic AS with a high proliferative index (Ki-67
immunohistochemical stain, x400). C, HSVN with absent p53 staining (p53
immunohistochemical stain, x200). D, Hepatic AS with strong nuclear p53 staining (p53
immunohistochemical stain, x200).
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Fig. 6.

Cavernous hemangioma variants, 2 different cases (A and B) distinct from HSVN, with
intermixed variably sized vessels and well-circumscribed borders (demonstrated in the lower
right hand corner of [B]) (H&E stains, x100).
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