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A case report of primary
cardiac angiosarcoma with
DNMT3A gene mutation

Kun Tian, Yating Liu, Haiying Zhu, Tao Wang, Tianxing Chen,
Xiaxia Pei and Feixue Song*

Department of Medical Oncology, Second Hospital of Lanzhou University, Lanzhou, China
Cardiac angiosarcoma is a rare disease with a high mortality rate despite its low

incidence. Surgery is currently themainstay treatment strategy for patients with

this condition. Herein, we describe a case of primary cardiac angiosarcoma,

including symptoms, examination findings, treatment strategy and prognosis.

In 2020, the patient was admitted to our hospital, and Next-Generation

Sequencing (NGS) revealed a mutation in the DNMT3A gene. Generally,

DNMT3A mutations are most commonly seen in atherosclerosis and myeloid

leukemia. To our knowledge, this is the first reported case of primary cardiac

angiosarcoma with DNMT3A gene mutation.
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Introduction

Primary cardiac neoplasm is extremely rare, with an incidence of 0.001%-0.003%,

among which only 25% of cases are classified as malignant (1). Primary cardiac

angiosarcoma (PCAS) is the most common histological subtype (50%-75%)

characterized by high malignancy and invasiveness. It originates from vascular

endothelial cells and tends to invade the myocardium, valves, pericardium and even

the coronary arteries. At the time of diagnosis, around 89% of patients reportedly have

distant metastases (2, 3). PCAS patients have a poor prognosis in general, with the

median overall survival (OS) estimated at around 16 months to as low as 2 months in

advanced metastatic cases (4). In this case report, we present a unique case of PCAS

induced by a mutation in the DNMT3 gene.
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Case presentation

The patient is a 45-year-old middle-aged male, a farmer by

profession, with no history of chronic diseases and no family

history of tumors. He visited the Department of Orthopedics for

“lumbago for a week” in early March 2020. CTimaging revealed

bone destruction at the L3 vertebral level, with an abnormally

low-density shadow (See Figure 1). The bone scan showed low

uptake, but its properties remain to be determined. A biopsy was

conducted, and pathological analysis revealed angiosarcoma

(L3). Immunohistochemical (IHC) staining showed the

following: CD31 (+), CD34 (+), Vimentin (+), CKp (-), S-100

(-), and 30% Ki-67-positive cells (See Figure 2). Considering that

the angiosarcoma (L3) was metastatic, a whole-body CT scan

was performed. Space-occupying lesions in the right atrium,

liver segment S8, pericardium and bone (See Figure 3).

Echocardiography (ECG) revealed: EF of 60% and FS of 31%

in the Left ventricular ejection fraction (LVEF); a mean

pulmonary arterial pressure (mPAP) of 17 mmHg; effusion in

the pericardial cavity; pericardial thickening in the lateral right

ventricular wall with the widest diameter measuring about

11 mm; and a hypoechoic lesion (6.4×5.7 cm) in the right

atrial roof with inhomogeneous echogenicity causing

compression of the atrium. During his hospital stay, the

patient experienced pericardiac tamponade. Pericardiocentesis

and pericardial drainage were performed, and 600 ml of
Frontiers in Oncology 02
hemorrhagic fluid was extracted and screened for cancer cells

using cytology. After a period of symptomatic treatment, the

patient felt better and discharge.

The patient was readmitted to the hospital in May 2022 with

chest tightness, shortness of breath, and pain in the anterior

chest region. A CT examination was performed and the right

atrium and liver lesion were found to be significantly larger than

before, as well as pericardial effusion, right pleural effusion and

incomplete right lower lung distension were detected (See

Figure 3). It was a challenge to determine the primary focus,

for which we conducted a multidisciplinary discussion, and by

reviewing the literature we found that angiosarcoma with

primary origin in the heart accounted for 23.5%, while the

percentage of primary in the liver and vertebral body was 7.4%

and 4.4%. In addition, through imaging we found that the lesion

in the liver was most likely due to direct invasion of the right

atrial lesion into the liver (See Figure 4), so we judged that the

primary lesion in this patient was the right atrium. Considering

the risk of rupture of the cardiac tumor at any time, the patient

was advised to remove the cardiac tumor and repair the wall of

the right atrium, but the patient and his family refused the

surgery considering the riskiness and cost of the procedure.

Before starting treatment, we performed NGS of the L3 bone

puncture specimen and found a 10.7% abundance of a missense

mutation in exon 19 of the DNMT3A gene (p.Glu733Ala). There

is no standard treatment option for patients with advanced
FIGURE 1

Bone destruction of the L3 vertebral body with abnormal low-density shadow within it(arrows).
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metastatic PCAS. Although we identified mutations in

the DNMT3A gene, there are no corresponding targeted

drugs; the TMB of this patient was 1.0 mutations/

Mb, microsatellite stability(MSS) type, suggesting that

immunotherapy may not be effective; meanwhile, the patient’s

tumor progressed too fast, the radiation treatment time was long,

and there was a risk of acute cardiac rupture during the

treatment, and the radiotherapy department evaluated and

recommended 2 cycles of chemotherapy first to evaluate the

efficacy before deciding whether to give radiotherapy. Therefore,

we chose Gemcitabine (1.4 g, Day 1, 8) and Docetaxel (150 mg,

Day 8) for two cycles starting May 2020. The Gemcitabine dose

was then increased to 1.5 g in June and after 1 cycle, stable

disease (SD) was achieved on CT scan (See Figure 3). However,

in mid-July, the patient presented with acute chest pain, with

blood pressure fluctuating between 80-90 and 40-50 mmHg. CT

scan indicated significant pleural effusions (See Figure 5), and a

routine blood test revealed an RBC of 2.69*10-12/L and HGB of

76 g/L. Combining the medical history, we hypothesize that the
Frontiers in Oncology 03
bleeding could have been caused by cardiac tumor rupture; and

the patient subsequently died three days later.
Discussion

PCAS is a very rare malignant tumor. According to

Epidemiological statistics there were 16 PCAS patients

admitted to the Peking Union Medical College Hospital from

January 1990 to June 2017, 40 PCAS patients at the French

Sarcoma Group from 1977 to 2010, 16 PCAS patients at the

British Columbia Cancer Agency from 1990 to 2006, and 9

PCAS patients at the Cleveland Clinic from 1988 to 2013. In

addition, a total of 168 PCAS cases from 1973 to 2013 were

documented in the SEER database. PCAS is a highly aggressive

tumor that affects more males than females, with a mean age of

onset of 44.4 ± 15.5 years old. The lungs, liver, brain, lymph

nodes, bone, adrenal gland, and spleen are the most common

sites of metastasis in the early stages. Besides, PCAS patients
FIGURE 2

Hematoxylin & eosin staining of the L3 biopsy: (A) The tumor tissue consisted of well-differentiated vascular lumen, which grew infiltratively
around; (B) the lumen was irregular in size and shape, communicating with each other to form anastomosis or communication, and
erythrocytes were seen in the lumen; (C) the lumen was lined with monolayer, dark-stained endothelial cells, partly forming papillae in the
lumen, and the tumor cells were heterogeneous with large, dark-stained, heterogeneous nuclei.
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have a short overall survival time, with a reported median of 12-

14 months abroad and a median of 3 months in China (5–8). In

most cases, PCAS originates from the right atrium, presenting

with cough, chest tightness, shortness of breath, palpitation,

fever or weakness in the early stage, as well as other non-specific

symptoms such as dyspnea and chest pain in the later stages (9).

Metastatic lesions can induce various symptoms, including

lumbago, which was the initial presentation of our patient.

Imaging is a valuable tool for diagnosing and evaluating

PCAS. The ECG is the most basic non-invasive diagnostic tool

available that can be used to detect around 75% of primary

cardiac malignancies. Additionally, it provides critical

information on valve function, tumor site, and the relationship

between the tumor and the heart wall. Furthermore, ECG can

also be used to assess cardiac function (10). In contrast, CT scans

are often used for cancer diagnosis by revealing the presence of a

cardiac space-occupying lesion, lesion enhancement using a

contrast agent, lesion attachment to the myocardium, central

necrosis and uneven density of the tumor, pericardial effusion,
Frontiers in Oncology 04
local invasion, and distant metastasis. Positron emission

computed tomography (PET) is a non-invasive preoperative

test that can identify primary lesions and potential metastases

via their hypermetabolic properties (SUV value: 3.5-9.4). On the

other hand, Cardiac magnetic resonance (CMR) can clearly

reveal tumor information, including the anatomical location,

size, tissue characteristics and the adjacent structures, which

serve as an important reference for surgical assessment (5–11).

Angiosarcoma manifestations on CMR include inhomogeneous

isointense or long T1/T2 signals, mild patchy enhancement

within the lesion at first and predominantly inhomogeneous

enhancement during the delayed phase.

Cytology and IHC are the golden standards for the diagnosis

of PCAS. Microscopically, well-differentiated PCAS has irregular

vessel lumens and blood sinusoids of different diameters that are

interconnected to form a mesh-like pattern. The lumens are

filled with red blood cells and the inner walls are covered with

tumor endothelial cells, which present with varying

morphologies (spindle-shaped or epithelioid), significant
FIGURE 3

CT examination of the patient. (A-C) Patient’s initial CT image in March 2020. Space-occupying lesions in the right atrium, liver segment S8,
pericardium; (D-F) CT images at the time of the patient’s readmission in May 2020. The right atrium and liver lesion were found to be
significantly larger than before, as well as pericardial effusion, right pleural effusion and incomplete right lower lung distension were detected;
(G-I) Efficacy evaluation after 1 cycle of chemotherapy with stable disease in June 2020.
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FIGURE 4

Direct invasion of the liver by a right atrial lesion(arrows).
FIGURE 5

Massive pleural effusion, diagnosis of cardiac tumor rupture, but no exact bleeding point found.
Frontiers in Oncology frontiersin.org05

https://doi.org/10.3389/fonc.2022.1018741
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Tian et al. 10.3389/fonc.2022.1018741
atypia, abundant cytoplasm, large hyperchromatic nuclei with

easily visible nuclear divisions (>10/10 HPF). In addition, local

endothelial cells are hyperproliferative, manifesting as budding,

protrusion or papilla. In contrast, poorly-differentiated PCAS

presents with unremarkable vessel lumens with focal single-cell

vessel lumen). The tumor cells are rounded or spindle-shaped,

with a large nucleus and a prominent nucleolus, locally

presenting with a spindle-shaped fibrosarcoma-like solid dense

area. Meanwhile, surrounding tissues are infiltrated and

damaged, part ia l ly involving the pericardium and

accompanied by patchy hemorrhage and necrosis .

Furthermore, IHC findings include diffuse enhancement of

ERG, CD31, CD34, Vimentin, Fli-1 and FVIII, negative AE1/

AE3, D2-40, SMA, MSA, MyoD1, Desmin, UEA-1, EMA,

Myoglobin, Myosin, Calretinin, MC, WT-1, S-100 and HMB-

45, and 30%-100% positive Ki-67 (12).

Given the small number of cases, there is no standardized

treatment for PCAS to this date. Most medical facilities develop

a personalized treatment regimen based on past experience.

Therefore, there is an urgent need for evidence-based

medicine. Surgery has been proven as an effective strategy to

improve the prognosis of patients with localized PCAS.

According to a British Columbia Cancer Agency analysis (4),

the median OS in cases with resectable localized tumors is 25

months, which is substantially higher than the 6 months in non-

resectable or non-R0 resections. Data from the French Sarcoma

Group suggested that the median OS of localized PCAS patients

receiving R0 resection, R1/R2 resection and those without

surgical treatment was 38.8 months, 18.2 months and 11.2

months, respectively, with the extended survival attributed to

tumor excision rather than adjuvant treatment (6). The

Cleveland Clinic reported that the median OS was 67.6

months in surgical patients and 5.93 months in patients not

undergoing surgery (7). In addition, the 1-, 3- and 5-year

survival rates of angiosarcoma patients receiving surgical

resection were 38.3%, 23.6% and 5.9%, respectively, compared

to the 38.5%, 9.6% and 0% in patients not receiving surgical

intervention (5). In some medical centers, heart transplantation

is adopted as the main treatment strategy for PCAS; however, it

was found that there was no significant superiority in terms of

patient survival compared with palliative systemic therapy (9

months vs. 8 months) (13). Partial resection + extended

resection + local reconstruction remains the standard

procedure for PCAS. Nevertheless, R0 resection is difficult to

achieve since neurovascular structures are often significantly

affected by the tumor’s invasiveness, posing a serious challenge

to cardiac surgery.

Neoadjuvant chemotherapy (NAC) is a viable alternative in

the treatment of locally advanced PCAS patients that cannot

undergo surgical resection. Radulescu et al (14) found that PCAS

patients who received Adriamycin-based NAC had a median

progression-free survival (PFS) of 33 months due to enhanced
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tumor resectability. In a cohort study comprising of 32 primary

cardiac sarcoma patients (24 PCAS patients) scheduled for

surgical treatment in the University of Texas Health Science

Center at Houston from 1990 to 2005, NAC was conducted

using Adriamycin plus Ifosfamide and Gemcitabine or

Docetaxel if not tolerated. The results showed that the median

OS in patients with and without NAC was 20 months and 9.5

months, respectively (15). Comparatively, palliative

chemotherapy’s efficacy in advanced metastatic cases has yet to

be validated by large-scale clinical trials. In the phase II

ANGIOTAX trial (the only clinical trial on angiosarcoma), the

objective remission rate (ORR) of patients (n=30) receiving

Paclitaxel on a weekly regimen was 19%, the median PFS was

4 months and the median OS was 8 months (16). Apart from

Paclitaxel, Anthracyclines, Gemcitabine, Ifosfamide, and

Docetaxel are also clinically used alone or in combination.

However, there were only a few case reports and retrospective

studies and no randomized controlled trials to determine their

efficacy. Furthermore, some targeted agents, primarily vascular

endothelial growth factor (VEGF) -targeting agents such as

Anlotinib, Bevacizumab, Sunitinib, and Pazopanib, are also

used in PCAS treatment. Pazopanib was reportedly utilized in

a case of metastatic PCAS, which resulted in complete remission

following treatment (17). However, none of the agents have been

subjected to large-scale clinical trials. In the present case, our

patient received three cycles of Gemcitabine + Docetaxel and

achieved SD. Notably, tumor markers such as CA125, NSE, and

NT-proBNPa showed a consistent downward trend

during treatment.

Due to the low incidence of angiosarcoma, large genomic

studies have been challenging. Rosenbaum et al (18) performed

genetic testing of 26 patients with angiosarcoma, the most

common oncogenic or likely oncogenic abnormalities were

TP53 alterations (27% of patients), MYC amplifications (23%),

CRKL amplified (27%)and ATRX alterations (15%). Another

genetic test that included the largest number of patients with

angiosarcoma found the main mutation genes include TP53

(30%), KDR (26%), PIK3CA (21%), POT1 (19%), PLCG1 (17%),

NF1 (13%), FAT1 (13%), NOTCH2 (13%), MYC (11%) and

FGFR2, ATRX, BRAF, ARID1A, etc. (19). In addition, 33% of

patients with angiosarcoma had recurrent amplification of the

HOXA gene , wh i ch p l ay s an impor t an t ro l e in

neovascularization and wound healing, suggesting a potential

mechanism for HOXA amplification as an oncogene in

angiosarcoma (20). Although more and more gene mutations

have been found in angiosarcoma, but DNMT3A gene

mutations have never been detected. The DNMT3A gene,

located on chromosome 2p23, is made up of 26 exons and 25

introns and encodes a DNA methyltransferase that catalyzes the

de novo transfer of methyl groups to specific CpG sites (21).

DNMT3A is highly expressed by various hematopoietic stem

cells and immune cells. Mutations in the DNMT3A gene can
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promote the initiation and development of atherosclerosis by

inducing inflammatory reactions, and they can also increase

myeloid differentiation and malignant transformation of bone

marrow hematopoietic stem cells (HSCs) by interfering with

their ability to self-renew (22, 23). Primary cardiac tumors are

extremely rare. Angiosarcoma is the most common histologic

subtype and is characterized by its permeability and destructive

nature. Herein, our patient presented with a mutation in the

DNMT3A gene, which draws attention to the role of DNMT3A

mutation in the initiation and development of PCAS.

Furthermore, whether PCAS and atherosclerosis share some

pathophysiological processes and whether cardiovascular drugs

are effective in this rare disease warrant further investigation.
Conclusion

Primary cardiac angiosarcoma is an extremely uncommon

tumor, to sum up. This is the first account of PCAS brought on

by a DNMT3 gene mutation. It is frequently underdiagnosed or

misdiagnosed due to its low prevalence and cryptic clinical

appearance. Clinicians should include cardiac angiosarcoma in

the initial differential diagnosis if there is even the slightest hint

of suspicion. Due to its great sensitivity, echocardiography is one

of the most effective diagnostic methods, and CT and MR scans

are frequently utilized to determine whether metastases from

other sites are present or not. Next-generation sequencing

(NGS) and immunohistochemical staining are further

diagnostic techniques. Contrarily, there aren’t any uniformly

accepted clinical standards or reliable preventative strategies.

Surgery is still the preferred method of treatment. Patients with

advanced disease may benefit from chemotherapy, targeted

therapy, or immunotherapy, but these treatments have variable

therapeutic outcomes and poor prognoses. As a result, selecting

the optimum course of treatment to significantly increase patient

survival and quality of life is still a difficult decision that merits

additional research. Our study emphasizes how challenging it is

to identify and treat this uncommon type of malignancy.
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