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Abstract
Giant cells (GC) are a poorly understood subset of tumor cells that have been increas-
ingly recognized as a potential contributor to tumor heterogeneity and treatment 
resistance. We aimed to characterize the biological and clinical significance of GC in 
angiosarcoma, an aggressive rare cancer of endothelial origin. Archival angiosarcoma 
samples were examined for the presence of GC and compared with clinicopathologi-
cal as well as NanoString gene expression data. GC were examined in angiosarcoma 
cell lines MOLAS and ISOHAS using conventional and electron microscopy, single 
cell whole genome profiling, and other assays. In the cell lines, GC represented a 
rare population of mitotically active, non–senescent CD31+ cells, and shared similar 
genomic profiles with regular-sized cells, consistent with a malignant endothelial phe-
notype. GC remained viable and persisted in culture following exposure to paclitaxel 
and doxorubicin. In patient samples, GC were present in 24 of 58 (41.4%) cases. GC 
was correlated with poorer responses to chemotherapy (25.0% vs 73.3%, P = 0.0213) 
and independently contributed to worse overall survival outcomes (hazard ratio 2.20, 
95% confidence interval 1.17-4.15, P = 0.0142). NanoString profiling revealed overex-
pression of genes, including COL11A1, STC1, and ERO1A, accompanied by upregula-
tion of immune-related metabolic stress and metastasis/matrix remodeling pathways 
in GC-containing tumors. In conclusion, GC may contribute to chemoresistance and 
poor prognosis in angiosarcoma.
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1  | INTRODUC TION

Bizarre giant cells (GC) are enlarged cells that are often multinucle-
ated. They are alternatively referred to as polyploid giant cancer cells 
(PGCC) or “monster” cells in some studies, among a wide-ranging 
nomenclature.1 They have been recognized in various malignancies, 
including those of the colorectum,2 ovary,3,4 breast,5,6 and prostate,7 
as well as in soft tissue tumors.8 Despite their ubiquity, GC are poorly 
characterized, especially in sarcomas, and their clinical and biological 
relevance are not well studied. Some authors regard GC as polyploid 
cells in mitotic catastrophe generated via endoreplication,9 previ-
ously thought to be senescent. Recent studies have demonstrated 
that such GC are metabolically active and may contribute to tumor 
heterogeneity and treatment resistance.6 Despite their often multi-
nucleate nature, it has been demonstrated that GC are able to give 
rise to viable, tumorigenic progeny via various depolyploidization 
mechanisms, such as budding and bursting.2 Conversely, GC in some 
tumor types, such as Wilm’s tumor, represent anaplastic/pleomor-
phic cells in which mitoses can be expected to occur.10 To resolve the 
uncertainty, we decided to study the nature and significance of GC 
in angiosarcoma in greater detail.

Angiosarcomas are a rare, aggressive subtype of soft tissue sarco-
mas of endothelial cell origin.11-13 These tumors often demonstrate sig-
nificant heterogeneity in terms of clinical presentation and can arise in 
several anatomical regions, including the head and neck, breast, viscera, 
trunk, and extremities. Furthermore, angiosarcomas are notoriously 
challenging to treat and survival outcomes are disappointing despite 
multimodality strategies incorporating surgery, radiation therapy, and 
chemotherapy.13,14 Notably, administration of chemotherapeutic agents, 
including paclitaxel, doxorubicin, or targeted agents, is typically met with 
short-lived responses and rapid development of drug resistance.15 Apart 
from standard clinical indicators such as age, performance status, and 
stage of disease,16 there is currently a lack of biomarkers to predict sur-
vival outcomes and chemotherapy response, the latter of which may be 
particularly useful to select patients for appropriate therapy.

Giant cells have been described in angiosarcomas and have been 
suggested to differentiate them from epithelioid hemangioendothelio-
mas.17,18 There has been hitherto a lack of interest in characterizing these 
GC in angiosarcomas and understanding their clinical implications, al-
though it may be speculated that these bizarre anaplastic cells represent 
an aggressive phenotype and may harbor chemoresistant properties.

Therefore, the present study seeks to provide an initial char-
acterization of GC in angiosarcoma, as well as to examine their bi-
ological and clinical significance, integrating clinicopathological 
information, molecular profiling, and in vitro modeling.

2  | MATERIAL S AND METHODS

2.1 | Study cohort

Patients with a diagnosis of angiosarcoma at the Singapore General 
Hospital and the National Cancer Centre Singapore from January 

2000 to December 2018 were included in our study. Fifty-eight 
patients with angiosarcoma were selected on the basis of tissue 
availability. All samples were obtained following written informed 
consent in accordance with the Declaration of Helsinki. Participants 
and/or their legal guardians provided informed consent for their data 
to be used in this research. This study has been approved by the 
SingHealth Centralised Institutional Review Board (2010/426/B). 
All data were obtained at the time of diagnosis or subsequent fol-
low up. The datasets created and analyzed in this study are available 
from the corresponding author upon reasonable request. The clin-
icopathological characteristics of all patients with angiosarcoma are 
summarized in Table 1.

2.2 | Microscopic examination of giant cells

Archival slides of H&E-stained, formalin-fixed paraffin-embedded 
(FFPE) samples were obtained from the Department of Pathology, 
Singapore General Hospital. The FFPE samples included both small 
core biopsy (n = 9) and surgical biopsy specimens (n = 49), of which 
one representative slide from each patient was examined. Only sam-
ples with adequate tissue were included, and at least 10 high power 
fields could be examined. One representative tumor section was 
examined for each patient’s primary tumor sample and evaluated 
for the presence of GC through microscopic examination at 100× 
and 400× magnification. GC were defined as atypical large cells har-
boring either (a) multiple nuclei or (b) bizarre hyperchromatic nuclei 
with more than threefold the diameter of nuclei in surrounding an-
giosarcoma cells, in keeping with previous published literature1,3,5,7. 
Histological features were also recorded, including mitotic count, 
and the presence of necrosis and epithelioid components.Tumors 
were graded as low, intermediate, or high with reference to the 
FNCLCC system.19

2.3 | Cell lines and cell viability assays

Two angiosarcoma cell lines (MOLAS and ISOHAS) were obtained 
from the Cell Resource Center for Biomedical Research, Institute of 
Development, Aging and Cancer, Tohoku University, Japan, courtesy of 
Dr Mikio Masuzawa. MOLAS was established from a patient with scalp 
lymphangiosarcoma metastatic to the pleura, while ISOHAS was estab-
lished from a patient with primary scalp hemangiosarcoma. Both cell 
lines were maintained in DMEM medium supplemented with 10% FBS 
and 1% penicillin/streptomycin. These cells were grown in a humidi-
fied chamber with 5% CO2 at 37°C and examined in situ under bright-
field microscopy for morphology and presence of GC. To examine the 
response to chemotherapeutic agents, MOLAS and ISOHAS cultures 
were exposed to paclitaxel and doxorubicin (Abcam) at concentrations 
of 5, 10, 25, and 50 ng/mL for 120 hours. The trypan blue assay was 
used to assess the overall cell viability after treatment with the respec-
tive agents. Cell cultures at approximately 70% confluence were used 
for all experimental drug treatments unless otherwise stated.
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2.4 | CD31 immunohistochemistry

Sections (4 μm) were cut from FFPE tissue blocks, mounted onto 
positively charged Bond Plus Slides (Leica Biosystems), and dried on 
a heating bench for at least 20 minutes. After deparaffinization and 

rehydration, tissue samples were subjected to high temperature-in-
duced epitope retrieval through 5 minutes of pressurized heating at 
120°C in a T/T mega microwave (Milestone). The sections were then 
performed on Dako Autostainer Plus (Dako). Endogenous peroxi-
dase activity was blocked using hydrogen peroxide (Dako S2022) for 
10 minutes. Primary antibody against CD31 was diluted in antibody 
diluent with background-reducing components (Dako) at a dilution of 
1:400. Slides were incubated with the respective optimized primary 
antibody for 30 minutes at room temperature. The detection system 
used was the Dako Envision Detection Kit (K5007), which consists 
of a dextran backbone conjugated with secondary antibodies to 
mouse immunoglobulin and HRP. Addition of the substrate chro-
mogen diaminoazobenzidine for 5 minutes produced an insoluble 
brown precipitate, as catalyzed by HRP. Slides were removed from 
the Autostainer and counterstained with Mayer’s Hematoxylin (Dako 
S3309). Appropriate controls were run with each batch of slides. 
CD31 staining was demonstrated in vascular endothelial cells using 
normal colonic tissue as positive control. Negative controls consisted 
of the omission of primary antibody without any other changes to 
subsequent procedures.

2.5 | Transmission electron microscopy

Angiosarcoma cell lines MOLAS and ISOHAS were evaluated by 
transmission electron microscopy (TEM). Cell pellets were pre-
pared and fixed using 1.6% glutaraldehyde and 2.5% paraformal-
dehyde in 0.1 mol/L sodium cacodylate buffer, pH 7.2-7.4 (Electron 
Microscopy Sciences), post–fixed in osmium tetroxide, stained en 
bloc in uranyl acetate, dehydrated in an ethanol series and pro-
pylene oxide, before being infiltrated to Araldite resin and polym-
erized. Semi–thin sections (1 µm) were cut and mounted on glass 
slides, stained with toluidine blue, and examined by light micros-
copy for general quality of fixation, gross cell morphology, and for 
the presence of mitotic cells and dead or dying cells. Ultra-thin sec-
tions (0.1 µm) were cut with an ultra-microtome and mounted on 
electron microscope grids. The sections were stained with uranyl 
acetate and lead citrate solutions. At least 100 cell profiles were 
examined (SGS Vitrology).

2.6 | Senescence assay

Identification of senescent cells was based on a histochemical 
stain for beta-galactosidase activity at pH 6 using the Senescence 
Cells Histochemical Staining Kit (Sigma) as per the manufactur-
er’s protocol. The cell lines were grown in six-well plates, washed 
with PBS, and subsequently fixed at room temperature with 1× 
fixation buffer. Cells were incubated with staining mixture for 
2 hours at 37°C without CO2. Mouse embryonic fibroblasts 
(MEF) containing senescent cells were used as positive controls. 
Senescent cells were stained blue, while the rest of the cells re-
mained unstained.

TA B L E  1   Clinicopathological features and presence of giant cells

Characteristic (n)

Giant cells in primary tumor 
sample

PPresent (%) Absent (%)

Total (58) 24 (41.4) 34 (58.6) —

Sex

Male (34) 21 (61.8) 13 (38.2) .0015

Female (24) 3 (12.5) 21 (87.5)

Age

>65 y (26) 13 (50.0) 13 (50.0) n.s.

≤65 y (32) 11 (34.4) 21 (65.6)

Ethnicity

Chinese (50) 22 (44.0) 28 (56.0) n.s.

Non–Chinese (8) 2 (25.0) 6 (75.0)

Tumor location

Skin (29) 13 (44.8) 16 (55.2) n.s.

Other (29) 11 (37.9) 18 (62.1)

ECOG performance status

0 (35) 13 (37.1) 22 (62.9) n.s.

≥1 (23) 11 (47.8) 12 (52.2)

Known risk factors

No (44) 23 (52.3) 21 (47.7) n.s.

Yes (14) 1 (7.1) 13 (92.9)

Metastasis at diagnosis

Absent (40) 18 (45.0) 22 (55.0) n.s.

Present (18) 6 (33.3) 12 (66.7)

Tumor grade

Low (15) 4 (26.7) 11 (73.3) n.s.

Intermediate (20) 8 (40.0) 12 (60.0)

High (23) 12 (52.2) 11 (47.8)

Mitotic score

Low (33) 8 (24.2) 25 (75.8) .0437

Intermediate (9) 5 (55.6) 4 (44.4)

High (16) 11 (68.8) 5 (31.2)

Tumor necrosis

None (35) 11 (31.4) 24 (68.6) n.s.

<50% (11) 7 (63.6) 4 (36.4)

≥50% (12) 6 (50.0) 6 (50.0)

Epithelioid component

Absent (24) 8 (33.3) 16 (66.7) n.s.

Present (34) 16 (47.1) 18 (52.9)

n.s., non–significant.
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2.7 | Gene expression analysis via Nanostring 
PanCancer IO 360 panel

We used the NanoString PanCancer IO360 panel (NanoString 
Technologies) to investigate gene expression on FFPE tissue as 
previously described,13 following the manufacturer’s protocol 
using the nCounter platform. RNA was extracted from five 10-µm 
sections on all samples with adequate tumor tissue available and 
analyzed using the 2100 Bioanalyzer (Agilent Technologies). After 
excluding samples with suboptimal RNA integrity and content, the 
remaining samples were included in the nCounter analysis. The 
final set of data passing QC (n = 34) were analyzed on the nSolver 
4.0 Advanced Analysis module using the default settings to de-
rive differentially expressed genes, pathway scores, and cell-type 
scores.

2.8 | DepArray single cell isolation and whole 
genome sequencing

The DEPArray NxT system (Menarini Silicon Biosystems) was used to 
isolate the large cells prior to downstream analysis. Cells were fixed 
with paraformaldehyde followed by washing. Approximately 20 000 
cells were loaded into the DEPArray cartridge (Menarini Silicon 
Biosystems) for imaging. Cells were then sorted by size, and the 
largest 100 cells were visually inspected for overall integrity before 
being individually isolated. Average-sized cells were also isolated 
for comparative study. DNA isolation and whole genome amplifica-
tion were performed using the Ampli1 WGA Kit (Menarini Silicon 
Biosystems) and checked for quality using the Ampli1 QC Kit. Only 
products with a genome integrity index (GII) of 4 were retained for 
low pass whole genome sequencing performed at 5× coverage. The 
raw reads were then mapped using BWA,20 duplicates removed, and 
base recalibrated before calling CNA using IchorCNA 0.2.0 with a 
500-kb bin integral.21 The plots below were then generated using an 
R package called “ComplexHeatmap.”

2.9 | Statistical analyses

The presence of GC in primary tumor samples was compared 
against clinicopathological data, which included patient demo-
graphics, FNCLCC grading, Eastern Cooperative Oncology Group 
(ECOG) performance status, tumor characteristics, treatment re-
sponse, and survival outcomes. To examine the potential of GC 
status for use in prognostication, we compared survival outcomes 

stratified by FNCLCC grade, as well as a modified FNCLCC grad-
ing system in which GC positivity was deemed a signature of 
high-grade disease. In our modified FNCLCC grading, tumor 
grade was first defined by conventional FNCLCC scoring, follow-
ing which all GC-positive patients were upgraded to high-grade 
status. Objective treatment response was assessed using the 
Revised RECIST guidelines (version 1.1)22 Overall survival (OS) 
was calculated from date of initial histological diagnosis to date 
of death from any cause, or was censored at the date of last fol-
low up for survivors; cancer-specific survival (CSS) was calculated 
from date of initial histological diagnosis to date of death from 
angiosarcoma. Progression-free survival (PFS) was calculated from 
date of initial histological diagnosis to date of disease progression, 
or death from any cause. Survival analysis was performed using 
the Kaplan-Meier method and Cox proportional hazard models. 
Univariate and multivariate analyses of categorical variables were 
conducted using χ2 and logistic regression tests, respectively. All 
analyses were conducted using MedCalc, version 9.6.2.0., and 
the threshold for statistical significance was taken as two-tailed 
P < 0.05 for all analyses.

3  | RESULTS

3.1 | Characterization of giant cells in angiosarcoma 
cell lines

Examination of MOLAS and ISOHAS cell lines revealed GC in both 
cell populations. GC observed under brightfield microscopy were 
large, atypical cells with multiple or single enlarged nuclei. GC ob-
served in H&E-stained MOLAS and ISOHAS cells similarly demon-
strated large cells with multiple or enlarged hyperchromatic nuclei, 
of which cellular and nuclear size exceeded three times that of sur-
rounding regular angiosarcoma cells. (Figure 1A). GC stained positive 
for CD31, in keeping with their endothelial origin. Higher magnifi-
cation revealed that these bizarre cells possess a flattened mor-
phology reminiscent of senescent cells, with abnormal nuclei, and 
are typically surrounded by smaller, regular-sized cells (Figure 1B). 
TEM of GC in both cell lines revealed significant cellular and nuclear 
pleomorphism. These GC contained numerous mitochondria (some-
times swollen) and included cells in mitosis (Figure 1C). MOLAS and 
ISOHAS cell lines were examined for beta-galactosidase staining 
as a marker of cellular senescence. In both cell lines, however, the 
majority of GC were non–senescent. MEF cell lines used as positive 
controls showed appropriate blue staining of cells undergoing repli-
cative senescence (Figure 1D).

F I G U R E  1   Giant cell (GC) in human primary angiosarcoma cell lines. A, GC (red arrowheads) in MOLAS and ISOHAS cell lines under 
brightfield microscopy, H&E staining, and CD31 immunohistochemistry. Membranous staining for CD31 is in keeping with their endothelial 
origin. B, GC at higher magnification. C, Electron microscopy of representative MOLAS and ISOHAS GC. GC demonstrated cellular and 
nuclear pleomorphism as well as numerous mitochondria. D, Senescence assay demonstrated that most GC in MOLAS and ISOHAS cell lines 
exhibit weak or absent staining compared to giant mouse embryonic fibroblast mouse embryonic fibroblasts cells undergoing replicative 
senescence (positive control) (scale bar, 20 µm unless otherwise stated)
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3.2 | Single cell whole genomic sequencing

To test whether GC are of the same malignant origin as the regular-
sized cells, we performed single cell whole genomic profiling of large 
cells (n = 5) and regular-sized cells (n = 5) within the MOLAS cell line, 

as well as cells sequenced in bulk (n = 3). We demonstrated that large 
cells, in comparison to regular cells as well as with cells sequenced in 
bulk, shared major similarities in their copy number landscapes, sug-
gesting that large cells carry the same genomic profiles as regular-
sized cells (Figure 2).

F I G U R E  2   Single cell whole genomic profiling of large and regular-sized cells within the MOLAS cell line. A, Visual inspection and 
isolation of giant cells and regular-sized cells. B, logR plots of large cells in comparison to regular cells and with cells sequenced in bulk 
demonstrated major similarities in their copy number landscapes, suggesting that large cells are of the same malignant origin as regular-sized 
cells

F I G U R E  3   Persistence of giant cells (GC) in angiosarcoma cell lines after treatment with chemotherapy. A, Dose-response curves 
of paclitaxel and doxorubicin for MOLAS and ISOHAS cell lines. B, Brightfield microscopy of angiosarcoma cells exposed to varying 
concentrations of chemotherapeutic drugs revealed an increased proportion of GC (red arrowheads) post–treatment (scale bar, 20 µm). 
C, GC in MOLAS and ISOHAS cell lines that remained following exposure to doxorubicin or paclitaxel were non–senescent. Inset: Mouse 
embryonic fibroblasts cells undergoing replicative senescence (positive control) stained blue
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F I G U R E  4   Giant cell (GC) in human primary angiosarcoma. A, GC visible in H&E-stained angiosarcoma primary tumor samples. B, 
Compared to those without GC, the presence of GC was associated with a lower rate of objective response (25.0% vs 73.3%, P = .0213) to 
chemotherapy. C, Presence of GC was independently associated with inferior survival outcomes. D, Higher FNCLCC grading was associated 
with poorer survival outcomes. E, Integrating GC presence as a high-grade feature to form a modified FNCLCC score further improved 
stratification of survival outcomes. F, A Sankey plot illustrates the restratification of some FNCLCC low and intermediate grade tumors 
to high grade based on presence of GC. CI, confidence interval; CSS, cancer-specific survival; OS, overall survival; PFS, progression-free 
survival
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3.3 | In vitro response to chemotherapeutic drugs

MOLAS and ISOHAS cell lines were exposed to increasing concen-
trations of paclitaxel and doxorubicin (5, 10, 25, and 50 ng/mL for 
120 hours). Both drugs resulted in a dose-dependent reduction in 
cell viability in the angiosarcoma cell lines (Figure 3A). Inspection of 
treated cell lines showed that GC remained in culture despite expo-
sure to increasing drug concentrations. At 50 ng/mL, GC were the 
dominant cell population in culture and few non–GC remained at the 
end of 120 hours (Figure 3B). GC in MOLAS and ISOHAS cell lines 
that remained following exposure to doxorubicin or paclitaxel were 
non–senescent and persisted in culture (Figure 3C).

3.4 | Correlation of giant cells with clinical 
characteristics

We examined clinical specimens of primary angiosarcoma samples 
for the presence of GC. In the study cohort, the median age at di-
agnosis was 63 years (range: 32-88), and male patients accounted 
for 58.6% of the cases. The most common primary tumor site was 
cutaneous (50.0%), followed by breast (10.3%) and liver (8.6%). 
Metastatic disease was found at diagnosis in 18 (31.0%) patients, 
while a known risk factor, such as prior radiotherapy or a clinical syn-
drome, was present in 14 cases (24.1%).

On light microscopic examination, GC were observed in 24 out of 
58 patient samples (41.4%). GC were identified across tumor samples 
of varying origin, including both cutaneous (13 of 29 samples, 44.8%) 
and non–cutaneous (11 of 29 samples, 37.9%) subtypes. Despite their 
frequent occurrence in tumor samples, GC were rare within each sam-
ple, frequently comprising less than 1% of the entire tumor cell popu-
lation examined (Figure 4A). In multivariable analysis, GC were more 
common in men (odds ratio [OR] 10.46, 95% confidence [CI] 2.46-44.4, 
P = 0.0015), and were associated with high mitotic scores (OR 4.31, 
95% CI 1.04-17.8, P = 0.0437). Age, ECOG performance status, eth-
nicity, tumor site, tumor necrosis, presence of epithelioid component, 

presence of metastasis at diagnosis, and presence of known risk fac-
tors were not significantly correlated (Table 1).

3.5 | Survival analysis and response to 
chemotherapy

We examined the response to chemotherapy in relation to GC status 
in 27 patients. Compared to those without GC, the presence of GC 
was associated with a lower rate of objective response (25.0% vs 
73.3%, P = 0.0213) to either paclitaxel (n = 21) or doxorubicin (n = 6). 
Subgroup analysis of the 21 patients who received paclitaxel also 
revealed poorer response in the GC-positive group (33.3% vs 83.3%, 
P = 0.0318) (Figure 4B).

Furthermore, presence of GC at diagnosis were significantly 
associated with poorer survival outcomes. Presence of GC was in-
dependently associated with poorer OS (median 0.8 vs 1.7 years; 
HR 2.20, 95% CI 1.17-4.15, P = 0.0142) and CSS (median 0.9 vs 
1.7 years; HR 2.18, 95% CI 1.12-4.22, P = 0.0212) (Figure 4C). Other 
clinicopathologic factors were examined. While FNCLCC grading is 
not formally recommended for angiosarcoma, in our cohort, higher 
FNCLCC grade was also independently associated with poorer OS 
(0.8 vs 1.4 vs 3.3 years; HR 1.53, 95% CI 1.02-2.30, P = 0.0377) and 
PFS (median 0.4 vs 0.5 vs 2.2 years; HR 2.08, 95% CI 1.38-3.12, 
P = 0.0004). Presence of metastatic disease at diagnosis was inde-
pendently associated with poorer CSS (median 0.6 vs 1.2 years; HR 
2.17, 95% CI 1.11-4.25, P = 0.0235), while age >65 at diagnosis was 
associated with poorer PFS (median 0.6 vs 0.4 years, HR 2.42, 95% 
CI 1.31-4.46, P = 0.0045) (Tables 2-3). Other clinicopathological fac-
tors examined were sex, ECOG performance status, ethnicity, tumor 
site, tumor necrosis, presence of epithelioid component, high mitotic 
scores, and presence of underlying risk factors, which were found to 
have no significant correlation with survival outcomes in this cohort.

Age, ECOG performance status, ethnicity, tumor site, tumor necrosis, 
presence of epithelioid component, presence of metastasis at diagnosis, 
and presence of known risk factors were not significantly correlated.

TA B L E  2   Univariate survival analysis

Characteristic

Overall survival Progression-free survival Cancer-specific survival

HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age at diagnosis (>65 vs ≤65 y) 1.48 (0.79-2.77) .2171 1.79 (1.08-3.94) .0291 1.31 (0.68-2.61) .4025

ECOG performance status (1-4 vs 0) 1.61 (0.90-3.38) .0994 1.33 (0.73-2.69) .3051 1.84 (0.99-4.03) .0528

Ethnicity (Chinese vs non–Chinese) 1.25 (0.51-3.03) .5147 1.14 (0.48-2.75) .7478 1.07 (0.42-2.77) .8859

Giant cell (present vs absent)  2.35 (1.48-5.67) .0020 2.14 (1.36-5.16) .0041  2.04 (1.15-4.93) .0198

Metastasis at diagnosis (present vs absent) 1.74 (0.95-4.33) .0684 1.59 (0.88-3.85) .1041  2.08 (1.14-5.61) .0225

Known risk factor (present vs absent) 0.60 (0.30-1.16) .1291 0.71 (0.35-1.35) .2700 0.72 (0.35-1.49) .3792

Sex (male vs female) 1.38 (0.76-2.64) .2681 1.54 (0.88-3.00) .1200 1.09 (0.56-2.15) .7780

Tumor site (cutaneous vs non–cutaneous) 1.18 (0.64-2.22) .5698 1.53 (0.88-3.03) .1175 0.98 (0.50-1.91) .9544

Tumor grade (high vs intermediate vs low)  1.68 (1.13-2.51) .0105  1.80 (1.23-2.64) .0025 1.62 (1.06-2.47) .0265

CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio. 
Bold indicates statistical significant P values.
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Giant cells were examined as an additional component to a pro-
posed modified FNCLCC grading system, in which all tumors with GC 
were considered high grade. Adjustment of grade for GC presence 
upgraded 4 low grade and eight intermediate grade patients to high 
grade status and resulted in greater discrimination between survival 
outcomes of low, intermediate, and high grade groups (Figure 4D-F).

3.6 | Nanostring PanCancer IO 360 gene 
expression analysis

Numerous genes in our analysis were differentially expressed be-
tween GC-containing and GC-negative tumors (n = 67 for adjusted 
P < 0.05, n = 9 for adjusted P < 0.01) despite adjustment for multiple 
comparisons (Benjamini-Hochberg). Genes that were significantly 
overexpressed (adjusted P < 0.01) included COL11A1, STC1, ERO1A, 
NRAS, SAMD9, and TWF1. COL11A1 expression was increased tenfold 
in GC-containing tumors, while expression of STC1 and ERO1A were 
increased sixfold and threefold, respectively. Conversely, NEIL1, C5 
and C7 were significantly underexpressed (adjusted P < 0.01) in GC-
containing tumors (Figure 5A).

Pathway analysis showed that expression of immune-related 
metabolic stress and metastasis/matrix remodeling pathways were 
upregulated in GC-containing tumors. In particular, the enhanced im-
mune-related pathways included cytokine/chemokine signaling, costim-
ulatory signaling, immune cell adhesion/migration, antigen presentation, 
and cytotoxicity-related pathways. In contrast, in GC-negative tumors, 
upregulated pathways include NK-kappaB, Notch, Hedgehog, and Wnt 
signaling pathways, as well as DNA-damage repair and autophagy path-
ways (Figure 5B). Cell-type analysis of GC-containing tumors was sug-
gestive of enrichment of myeloid cells (neutrophils and macrophages) as 
well as cytotoxic T cells, while GC-negative tumors contained a larger 
population of mast cells, NK cells, and TH1-related cells (Figure 5C).

4  | DISCUSSION

Our study demonstrated that GC are found in a significant propor-
tion of primary angiosarcoma tumors and also in angiosarcoma cell 

lines. We observed that angiosarcoma GC are endothelial in ori-
gin and share similarities in genomic profiles to regular-sized cells. 
Similarly to GC described in other tumor types, they are non–se-
nescent in nature and exhibit mitotic activity, possibly harboring the 
potential to generate tumorigenic daughter cells via depolyploidi-
zation processes such as budding and bursting.23 While GC have 
been described in various malignancies, to our knowledge, this is 
the first study to characterize GC in angiosarcoma and to examine 
their impact on patient survival. Interestingly, we observed that the 
presence of GC in primary angiosarcoma tumors was independently 
associated with poorer patient survival outcomes, along with the 
presence of distant metastasis, a well-established prognostic factor. 
While FNCLCC grading has not been recommended for angiosar-
coma, we found that FNCLCC grading was prognostic in our patient 
population and that prognostication via FNCLCC grading could pos-
sibly be further refined by integration of GC as a key feature of high-
grade disease. This suggests that GC may represent a manifestation 
of high-grade disease within a continuous spectrum in their histo-
morphological progression.

Giant cells are thought to contribute to treatment resistance.6,24 
In our study, exposure of ISOHAS and MOLAS cell lines to conven-
tional chemotherapeutic agents paclitaxel and doxorubicin demon-
strated that while the majority of the cells exposed to the cytotoxic 
drugs were eliminated, viable GC were observed at the end of our 
experiment, and constituted the majority of remaining viable cells. 
This may reflect the relative chemoresistance of GC in the original 
culture, or GC formation by regular angiosarcoma cells in response to 
cytotoxic exposure, which then remained viable despite continued 
exposure to cytotoxic drugs. In patients with angiosarcoma under-
going chemotherapy, we found that tumors harboring GC were sig-
nificantly associated with chemoresistance and less likely to respond 
to therapy, in keeping with our in vitro observations. Similarly, a pre-
vious preclinical study of GC in colorectal cancer24 demonstrated 
findings of GC-driven disease relapse after an appropriate primary 
treatment response. This study used a mouse model to demonstrate 
GC-driven regeneration of colon carcinoma tumors after treat-
ment with cisplatin. Intraperitoneal injection of cisplatin resulted in 
gradual tumor shrinkage and an enrichment of cell population for 
GC, with subsequent tumor regrowth after a significant delay of 

TA B L E  3   Cox proportional hazards regression analysis (multivariate analysis)

Characteristic

Overall survival Progression-free survival Cancer-specific survival

HR (95% CI) P HR (95% CI) P HR (95% CI) P

Age at diagnosis (>65 vs ≤65 y) — — 2.42 (1.31-4.46) .0045 — —

Giant cell (present vs absent)  2.20 (1.17-4.15) .0142 — — 2.18 (1.12-4.22) .0212

Metastasis at diagnosis (present 
vs absent)

— — — — 2.17 (1.11-4.25) .0235

Tumor grade (high vs 
intermediate vs low)

1.53 (1.02-2.30) .0377 2.08 (1.38-3.12) .0004 — —

CI, confidence interval; HR, hazard ratio
Bold indicates statistical significant P values.
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approximately 35 days. Notably, regenerated tumor cells were resis-
tant to cisplatin. A more recent study by Coward et al demonstrated 
possible mechanisms through which polyploid cancer cells may 
contribute to increased treatment resistance and heterogeneity. 

Increased genetic material resulted in slower cell cycling, altered 
DNA-damage response, and facilitated the generation of new onco-
genic mutations. The authors also explored potential treatment tar-
gets and proposed possible agents, such as aspirin and resveratrol.25

F I G U R E  5   Nanostring PanCancer IO 
360 Gene expression analysis. A, Volcano 
plot illustrating differential expression of 
selected immuno-oncology-related genes, 
with comparison between expression 
in giant cell (GC)- positive and negative 
tumors. Significant genes with adjusted P-
value < 0.01 are highlighted. B, PanCancer 
IO 360 pathway scores, illustrating 
differences in gene expression of selected 
pathways between GC-positive and 
negative tumors. C, PanCancer IO 360 
cell-type scores, comparing immunologic 
profiles between GC-positive and 
negative tumors
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NanoString gene expression profiling revealed significant 
differences between GC-containing and GC-negative tumors. 
Of interest, COL11A1, STC1, and ERO1a were significantly over-
expressed in GC-containing tumors. COL11A1, STC1, and ERO1a 
overexpression have been found to be independent poor prog-
nostic factors in a variety of tumor types, including non–small cell 
lung cancer,26 esophageal SCC,27,28 ovarian cancer,9 and breast 
cancer.29,30 Notably, it has also previously been shown that STC1 
(a secreted oncogene in ovarian cancer) is overexpressed in PGCC 
derived from ovarian cancer cell lines HEY and SKOv3.31 The up-
regulation of these genes contributing to poor prognosis in GC-
containing tumors is in keeping with our finding of significantly 
poorer survival in GC-positive patients. The underlying mechanism 
of this effect, as well as whether upregulation of these genes is 
confined to GC or seen throughout GC-positive tumors, should 
be explored in future work. Promisingly, COL11A1 and ERO1a are 
being explored as therapeutic targets in view of their specificity 
for malignant cells in multiple tumor types.32 Development of such 
therapies may benefit patients with GC-positive angiosarcoma, 
who currently face limited treatment options and a dismal prog-
nosis. At a pathway level, GC-containing tumors were associated 
with increased expression of immune-related pathways, metasta-
sis/matrix remodeling pathways, and metabolic stress pathways. 
Once again, the upregulation of matrix remodeling pathways, 
which may contribute to invasion and cancer progression, and me-
tastasis pathways is in keeping with the observed poor survival in 
GC-positive patients.

Our study is limited by its retrospective nature. As archival samples 
were used for determination of GC presence, there was potential for 
sampling error. Samples included both core biopsy and surgically ob-
tained specimens, of which there was variation in sample size depend-
ing on original sample collection methods. Nonetheless, we provided 
an initial characterization for the malignant nature of GC in angiosarco-
mas and elucidated their potential clinical significance. Further studies 
to characterize GC in angiosarcoma will be needed to confirm their 
contribution to treatment resistance and survival outcomes.
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