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Anastomosing hemangiomas are recently described benign vascular lesions that occur chiefly in the
genitourinary tract and paravertebral soft tissues. Owing to their rarity and unusual cytoarchitectural features,
anastomosing hemangiomas are frequently confused with low-grade angiosarcomas. The specific genetic
alterations underlying these lesions are currently unknown. We performed capture-based next-generation DNA
sequencing analysis on 13 anastomosing hemangiomas and identified frequent somatic mutations in the
heterotrimeric G-protein alpha-subunit, GNAQ. Nine of 13 cases (69%) harbored a somatic mutation at GNAQ
codon 209, a known hotspot that is commonly mutated in uveal melanoma and blue nevi, as well as various
congenital vascular proliferations. No other pathogenic or likely pathogenic mutations were identified in these
genetically simple lesions. The finding of a recurrent driver mutation in the G-protein signal transduction
pathway provides strong evidence that anastomosing hemangiomas are indeed clonal vascular neoplasms.
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Anastomosing hemangioma is a recently described
vascular lesion that occurs predominantly in older
adults. Initially thought to be unique to the genitour-
inary system, they have since been reported to occur
in the adrenal gland, ovary, gastrointestinal tract,
paravertebral soft tissue, and liver, with fewer than
80 cases reported in the literature.1–15 Histologically,
anastomosing hemangiomas consist of a non-lobular
proliferation of tightly packed, capillary-sized vas-
cular channels, often with fibrin thrombi, so-called
‘hobnail’ endothelial cells, intracytoplasmic eosino-
philic globules, and extramedullary hematopoiesis.
Although the non-lobular growth pattern and pro-
minent endothelial cells of anastomosing heman-
gioma often prompt concern for low-grade
angiosarcoma by pathologists unfamiliar with this
entity, all available evidence strongly supports the
benign nature of these lesions.1,3,5,8,9

Recent data have implicated specific genetic
alterations in the pathogenesis of benign vascular
neoplasms. Among vascular entities, it has been
reported that IDH1 mutations are highly specific for
spindle cell hemangiomas,16 whereas congenital

hemangiomas and capillary malformations of
Sturge–Weber syndrome have been found to harbor
activating GNAQ mutations.17–19 The molecular
pathogenesis of anastomosing hemangiomas has not
been described. In the present study, we examined
the genomic features of anastomosing hemangiomas
using capture-based next-generation sequencing of
~500 cancer-related genes with the goal of identify-
ing mutations to further characterize these lesions
and differentiate them from similar vascular tumors.

Materials and methods

Study Population

This study was approved by the institutional review
boards of the University of California San Francisco
and Mayo Clinic, Rochester, MN, USA. Cases were
identified by examining excision specimens diag-
nosed as hemangiomas, vascular lesions, or angio-
sarcomas from the archives of the Department of
Pathology of UCSF, spanning years from 1998 to
2016. Over 300 vascular lesions were reviewed.
Lesions with predominantly capillary-sized vessels
were identified and further evaluated for the pre-
sence or absence of features of anastomosing heman-
giomas, yielding 16 lesions with at least one
histologic feature. Four additional cases previously
diagnosed as ‘anastomosing hemangioma’ were

Correspondence: Dr SE Umetsu, MD, PhD, Department of
Pathology, University of California, 505 Parnassus Avenue, Room
M551A, Box 0102, San Francisco, CA 94143-0102, USA.
E-mail: sarah.umetsu@ucsf.edu
Received 27 September 2016; revised 25 November 2016; accepted
25 November 2016; published online 13 January 2017

Modern Pathology (2017) 30, 722–727

722 © 2017 USCAP, Inc All rights reserved 0893-3952/17 $32.00

www.modernpathology.org

http://dx.doi.org/10.1038/modpathol.2016.234
mailto:sarah.umetsu@ucsf.edu
http://www.modernpathology.org


obtained from the consultation archives of one of the
authors (ALF). These 20 cases were then re-reviewed
in a blinded fashion by two of the authors (AEH and
ALF). Thirteen cases were felt by both observers to
show classical morphological features of anastomos-
ing hemangioma1,8 and comprise the final study
population.

Capture-Based Next-Generation DNA Sequencing

Matched normal and tumor tissues were selected
from 10 anastomosing hemangiomas. In three cases,
no normal tissue was available and only tumor tissue
was analyzed. Capture-based next-generation sequen-
cing was performed at the UCSF Clinical Cancer
Genomics Laboratory, using an assay (UCSF500
panel) that targets the coding regions of ~500
cancer-related genes, select introns from approxi-
mately 40 genes, and the TERT promoter with a total
sequencing footprint of 2.8Mb. Sequencing libraries
were prepared from genomic DNA extracted from
punch biopsies or macrodissected unstained sections
from formalin-fixed paraffin-embedded tissue. Target
enrichment was performed by hybrid capture using a
custom oligonucleotide library. Sequencing was
performed on a HiSeq 2500 (Illumina, San Diego,
CA). Duplicate sequencing reads were removed
computationally to allow for accurate allele fre-
quency 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,
Samtools: 1.1 (using htslib 1.1), Picard tools: 1.97
(1504), GATK: 2014.4-3.3.0-0-ga3711, CNVkit: 0.3.3,
Pindel: 0.2.5a7, SATK: 2013.1-10- gd6fa6c3, Anno-
var: v2015Mar22, Freebayes: 0.9.20 and Delly: 0.5.
9.20–29 Only insertions/deletions (indels) up to 100 bp

in length were included in the mutational analysis.
Somatic single-nucleotide variants and indels were
visualized and verified using Integrated Genome
Viewer. Genome-wide copy number analysis based
on on-target and off-target reads was performed by
CNVkit and Nexus Copy Number (Biodiscovery,
Hawthorne, CA).

Results

Clinical Features

The clinical features of the 13 cases of anastomosing
hemangiomas analyzed in this study are shown in
Table 1. Three of these cases have been previously
reported.1 All cases occurred in adults, with age at
resection ranging from 39 to 79 years (mean, 60 years).
They were primarily small lesions, with an average
size of 2.8 cm (range 0.5–8 cm). Four were associated
with the genitourinary tract, four were paraspinal, and
three were gynecological. The majority of cases were
discovered incidentally at the time of work up for
other disease processes. Two patients presented with
neurological symptoms owing to spinal cord compres-
sion. All patients with available data were without
recurrence at the time of last clinical follow-up
(average follow-up 32 months, range 1–107 months).

Histologic Features

The histologic features of the 13 cases are summar-
ized in Table 2. All cases were composed of
capillary-sized vascular channels with rare to absent
mitoses and mild to no cytologic atypia (Figure 1).
All cases had small fibrin thrombi (13/13, 100%),
and the majority of cases had focal to abundant

Table 1 Clinical features of the 13 patients with anastomosing hemangioma

Case # Location Age/gender Size Presentation Follow-up (months)

1 Kidney/adrenal 49 M 1.2 cm – NED (9)
2 Kidney 53 M 3.3 cm Incidental; seen on imaging; growth over 4 years NED (84)
3 Adrenal 39 M 3.2 cm Incidental; seen on imaging; growth over 3 years NED (12)
4 Peritoneum 58 M 1.7 cm Incidental; seen on imaging for concurrent vascular

lesions
NED (12)

5 Uterine myometrium 70 F 0.5 cm Incidental; seen hysterectomy for atypical
endometrial hyperplasia

–

6 Periadnexal 65 F 0.5 cm Incidental; seen in hysterectomy for endometrioid
adenocarcinoma

NED (20)

7 Paracaval 53 M 8.0 cm Incidental; seen on imaging NED (1)
8 Paravertebral 79 M 7.5 cm Incidental; seen on imaging NED (8)
9 Spine 56 M – Midthoracic and flank paresthesia NED (24)
10 Ovary 60 F 1.5 cm – –

11 Spine (intraosseous) 69 F 3.1 cm Lower extremity weakness NED (40)
12 Kidney 64 M 0.7 cm Incidental; seen in explant NED (107*)

*deceased
13 Liver 66 M 1.8 cm Incidental; first seen at unrelated prior surgery;

growth over 7 years
–

Abbreviation: NED, no evidence of disease.
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intracytoplasmic eosinophilic globules (12/13, 92%)
and extramedullary hematopoiesis (7/13, 54%)
(Figures 2a-c). Some cases showed prominent hob-
nailing of endothelial cells (5/13, 38%) (Figure 2d). In
cases where the border was able to be evaluated, the
lesions were relatively well-circumscribed, but two
cases showed an irregular interface with the sur-
rounding fibroadipose tissue (Figure 2e). Six of 13
(46%) cases had at least focal areas of degenerative
changes or sclerosis (Figure 2f). Many cases showed
scattered associated mast cells and foamy histiocytes.

Genomic Features

All 13 cases were tested using the targeted next-
generation sequencing panel. Nine of 13 cases (69%)
showed a GNAQ hotspot mutation at codon 209.
Eight of nine had GNAQ p.Q209H mutations and the
other one of nine had a GNAQ p.Q209L mutation
(Table 2 and supplementary Table 1). No cases had
any other pathogenic or likely pathogenic mutations.
Four cases had no identifiable driver mutations. No

cases had detectable copy number alterations,
including chromosomal gains or losses as well as
focal amplifications or deletions.

Discussion

Hemangiomas are common soft tissue lesions, the
majority of which arise in the skin and subcutis.
They include lobular capillary hemangioma (pyo-
genic granuloma), spindle cell hemangioma, epithe-
lioid hemangioma (angiolymphoid hyperplasia with
eosinophilia), hobnail hemangioma (targetoid hemo-
siderotic hemangioma), sinusoidal hemangioma,
tufted angioma/hemangioma, and glomeruloid
hemangioma. In children, common vascular lesions
also include infantile hemangioma, noninvoluting
congenital hemangioma, rapidly involuting congeni-
tal hemangioma, and partially involuting capillary
hemangioma. Many of these have historically been
considered reactive lesions, but more recent genetic
studies have demonstrated clonal pathogenic muta-
tions in some, suggesting a neoplastic nature.16–19

Table 2 Histologic and genetic features of anastomosing hemangiomas

Case
#

Fibrin
thrombi

Prominent
hobnailing

Eosinophilic
globules

Extramedullary
hematopoiesis

Degeneration/
sclerosis

Pathogenic
mutations

1 + + + + + GNAQ p.Q209H
2 + + + + + GNAQ p.Q209L
3 + – + + + GNAQ p.Q209H
4 + + + + – GNAQ p.Q209H
5 + + + – – GNAQ p.Q209H
6 + + + – – GNAQ p.Q209H
7 + – + + + GNAQ p.Q209H
8 + – + + Focal GNAQ p.Q209H
9 + – + – – GNAQ p.Q209H
10 + – + – + None
11 + – + – – None
12 + – + – – None
13 + + – + + None

Figure 1 Low magnification of anatomosing hemangiomas. The majority of anastomosing hemangiomas are well-circumscribed (a) and
consist of capillary-sized vascular channels (b).
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Anastomosing hemangiomas differ from most
other true hemangiomas inasmuch as they are
typically deeply (or viscerally) situated and occur
in adult patients. The present study is the first to
examine their genetic alterations. We have identified

a hotspot mutation in GNAQ codon 209 in 9 of 13
anastomosing hemangiomas (69%, Table 2). The
presence of a recurrent mutation in this otherwise
genetically simple lesion implicates GNAQ as a
driver in its pathogenesis and confirms its clonal

Figure 2 Histologic features of anastomosing hemangiomas. Small fibrin thrombi were seen in all cases (a). The majority of cases showed
focal to abundant intracytoplasmic eosinophilic globules (b) and extramedullary hematopoiesis, shown here with erythroid precursors (c).
Prominent hobnailing of endothelial cells were noted in many cases (d). Two cases showed an irregular interface with the surrounding
fibroadipose tissue (e). Many cases showed at least focal areas of degeneration or sclerosis (f).
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nature. No other pathogenic or likely pathogenic
mutations were identified, including recurrent muta-
tions described in angiosarcomas such as in PTPRB
and PLCG1.30 Moreover, as mutations in GNAQ have
not been reported in angiosarcomas, these results
strongly suggest that anastomosing hemangiomas are
not genetically related to angiosarcomas.

GNAQ encodes G-protein subunit alpha q, which
together with its paralogues GNA11, GNA14, and
GNA15 comprise the alpha q subfamily of G
proteins, which are involved in mediating down-
stream signals between G-protein coupled receptors
and downstream targets. Mutations in GNAQ at
codon 209, alter a region within the catalytic GTPase
domain, resulting in constitutive activity. Somatic
mutations in GNAQ were first described in melano-
cytic lesions, and are present in ~50% of primary
uveal melanomas and 80% of blue nevi, with either
mutations at Q209 or R183.31 Similarly, such lesions
show mutually exclusive GNA11 mutations at lower
frequencies.32 Overexpression of GNAQ Q209L in
primary human melanocytes increases signaling
through the MAPK pathway.31 In this study,
GNA11 hotspots also had greater than 400× coverage
and no mutations were seen in any of the cases.
GNA14 and GNA15 were not assayed in this study;
thus it is possible the cases lacking mutations in
GNAQ could harbor mutations in either of these
other genes or in other members of the pathway.

Interestingly, alterations in this family have been
reported in other benign vascular tumors, in parti-
cular congenital vascular lesions. Recurrent muta-
tions at codon 209 of GNAQ and GNA11 have been
found in the majority of congenital hemangiomas
(12/16 cases), using massively parallel mRNA
sequencing.17 Specifically, 8/16 cases demonstrated
GNAQ Q209L/P/H mutations, whereas 4/16 cases
demonstrated mutually exclusive GNA11 Q209L
mutations. GNA14 Q205L mutations have also been
reported in one case each of lobular capillary
hemangioma, tufted angioma, and kaposiform
hemangioendothelioma using whole-exome and tar-
geted sequencing, with GNA11 R183C mutations in
two cases of lobular capillary hemangioma.19
Expression of mutated GNA11 or GNA14 in primary
human umbilical vein endothelial cells has been
shown to activate the MAP kinase pathway and
render cells growth-factor independent.19

Capillary malformations in Sturge–Weber syndrome
and nonsyndromic port-wine stains have also been
shown to demonstrate a somatic GNAQ mutation at
R183Q/L/G.18,33 Unlike true capillary hemangiomas,
these lesions are thought to be malformative, and
contain abnormally configured thick-walled vessels
in addition to capillaries. Among hematopoietic,
perivascular, and stromal cells, fluorescence-
activated cell sorting studies have identified
endothelial cells as the population enriched for
GNAQ mutation in these lesions.33

A vascular liver lesion termed hepatic small vessel
neoplasm has recently been described which

demonstrates some morphological and clinical over-
lap with anastomosing hemangioma.34 This entity
was defined as an infiltrative vasoformative
neoplasm composed of small vessels without
diagnostic features of cavernous hemangioma or
angiosarcoma.34 Interestingly, 2/3 cases of hepatic
small vessel neoplasm showed GNAQ Q209H muta-
tions and one of these cases also had a hotspot
PIK3CA mutation. In contrast, the published series of
four hepatic anastomosing hemangiomas were shar-
ply demarcated from surrounding liver and 2/4 had
intermixed features of cavernous hemangioma.9
Given morphological and molecular similarities
between hepatic small vessel neoplasm and anasto-
mosing hemangiomas from other sites, it may be
possible that hepatic small vessel neoplasm repre-
sents an anastomosing hemangioma with more
infiltrative growth than is typical in other sites, but
sequencing of additional cases is needed.

In summary, we have shown for the first time
recurrent GNAQ mutations in anastomosing heman-
giomas. Although other capillary hemangiomas, in
particular congenital hemangiomas, also have GNAQ
mutations, the clinical setting (namely patient age
and location) makes anastomosing hemangiomas
unique within this group. In addition, GNAQ
mutations are not found in angiosarcoma, and there
may be a role for identification of GNAQ mutations
in the distinction between anastomosing hemangio-
mas and low-grade angiosarcoma, although study of
a larger number of cases is required. Taken together,
the finding of driver mutations in G-protein coupled
signal transduction confirms the clonal nature of
anastomosing hemangiomas and supports a role for
this pathway in the pathogenesis of benign vascular
tumors, distinct from the pathogenesis of malignant
vascular tumors.
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