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Objectives. To report the prevalence of consumptive coagulopathy in angiosarcoma patients seen at a single center. Methods. We
retrospectively reviewed case records of 42 patients diagnosed with angiosarcoma at Mount Sinai Hospital between 2000 and 2013.
Results. Seven patients (17%) met clinical criteria for disseminated intravascular coagulation (DIC) in absence of concomitant
clinical states known to cause coagulopathy or myelosuppression. In all patients who received systemic antineoplastic therapy
with resultant disease response or stability, DIC resolved in tandem with clinical improvement. DIC recurred at time of disease
progression in all cases. Two patients had bulky disease, defined as diameter of largest single or contiguous tumor mass measuring
5 cm or more. All patients demonstrated an aggressive clinical course with short duration of disease control and demise within 1 year.
In contrast, evaluation over the same period of 17 epithelioid hemangioendothelioma patients serving as a clinical control group
revealed no evidence of DIC. Conclusion. Angiosarcomas can be associated with a consumptive coagulopathy arising in tandem
with disease activity. Vigilance for this complication will be needed in the course of often aggressive multimodality therapy. The

potential utility of coagulopathy as a prognostic biomarker will need to be explored in future studies.

1. Introduction

Hypercoagulability is a well-characterized association of
malignancy which can manifest in one of several clinical
syndromes, including disseminated intravascular coagula-
tion (DIC). DIC is characterized by aberrant activation of the
coagulation cascade leading to initial hypercoagulability, then
progressing to a secondary hypocoagulable state resulting
from consumptive coagulopathy and secondary fibrinolysis.
In patients with cancer, DIC can be proximately related to
altered levels of various mediators of hemostasis (procoag-
ulants, cytokines, and fibrinolytic mediators), in addition
to tumor-related endothelial cell alterations and systemic
depressions in hemostatic defenses [1]. DIC is known to
complicate up to 15% of leukemias [2] and up to 7% of solid
tumors, with data suggesting an association with adverse
cancer prognosis [3].

Sarcomas comprise 1% of adult malignancies, and can
take the form of more than 70 different histologic subtypes,
each describing unique natural histories and clinical behavior
[4]. The prevalence of coagulation abnormalities across the

different sarcoma histotypes has not been well characterized.
In a large series of more than 1000 patients with solid tumors,
only 41 patients had sarcoma, of whom 2 were assessed to have
DIC [3].

Angiosarcomas are aggressive malignancies of vascular
origin that comprise 2-5% of sarcomas. They arise in virtually
any anatomic site, including skin, breast, bone, extremities,
deep soft tissues, and viscera [5]. Angiosarcomas are asso-
ciated with a variety of environmental carcinogenic factors,
including dyes, chronic lymphedema, and radiation, but most
commonly arise sporadically. In advanced disease, effective
therapies are limited and prognosis is dismal, with median
survival of less than 1 year [5].

Epithelioid hemangioendotheliomas represent another
group of vascular sarcomas derived from endothelial cells.
Affecting less that 1 person per million of the population,
these tumors most often involve the liver, usually multifocally.
Distinct from angiosarcoma, they can be associated with an
indolent clinical course and prolonged disease control, even
in the absence of any therapy in some cases [6].
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There are sporadic case reports describing the coexistence
of a consumptive coagulopathy with angiosarcoma [7-11].
These have been characterized as variants of Kasabach-
Merritt Phenomenon (KMP), the eponymous syndrome first
described in 1941 in an infant with a giant capillary heman-
gioma, and henceforth sometimes loosely defined as a throm-
bocytopenic consumptive coagulopathy associated with an
enlarging vascular neoplasm or malformation. The diagnosis
of KMP, however, should be restricted only to severe throm-
bocytopenia concomitant with fibrinolysis and microangio-
pathic anemia as arising in 2 very specific tumors in young
children—kaposiform hemangioendothelioma (KHE) and
tufted angioma (TE)—pathophysiologically underpinned by
DIC precipitated by platelet and clotting factor sequestration
[12]. There has yet been no systematic characterization of
coagulation abnormalities in angiosarcomas, a phenomenon
with undoubted therapeutic and potentially prognostic sig-
nificance for this tumor. We were thus keen to better define
the incidence and clinical course of DIC amongst patients
with this rare but often fatal disease, with concomitant eval-
uation for consumptive coagulopathy in epithelioid heman-
gioendotheliomas as a clinical comparator group.

2. Methods

Consent was obtained from the Institutional Review Board
of the Mount Sinai School of Medicine and Hospital (MSSM)
for retrospective analysis. All cases with the diagnosis of
“angiosarcoma’ seen at MSSM between 1 January 2000 and 31
June 2013 were identified through the institutional diagnostic
records system. Clinical data were retrieved from patients’
clinical notes and the MSSM electronic patient medical
records. The cutoff date for reporting data was 31 June 2013.
Survival data was determined from medical charts and cross
referenced against the death registry.

Overt DIC was defined according to the International
Society of Thrombosis and Hemostasis (ISTH) guidelines,
evaluating 4 parameters (platelet counts, fibrinogen degrada-
tion products, prothrombin time, and fibrinogen levels) and
assigning points to particular values (Table 1) [13]. This metric
was chosen amongst the several clinical criteria available to
define DIC in view of its simplicity and widespread use.
Patients with pertinent laboratory derangements were then
evaluated for the presence of other causes of coagulopathy or
DIC including trauma, sepsis, pharmacotherapeutic myelo-
suppression, and bone marrow involvement with disease.
Patients in whom these causes had been excluded, or in
whom these causes existed but were unable to fully account
for the hematological abnormalities seen, then had further
elements of their clinical course characterized. Patients were
designated as having bulky disease if the largest single or
contiguous tumor mass measured 5 cm or more in diameter.
We evaluated this clinical characteristic as we postulated
that the size of singular or contiguous masses (as distinct
from the sum total size of multiple disseminated tumor
masses) in vascular tumors may influence the likelihood of
consumptive coagulopathy putatively because smaller such
masses are less likely to trap platelets in sufficient quantity to
cause significant platelet trapping and destruction. The 5cm

Sarcoma

TABLE 1: International Society of Thrombosis and Hemostasis
criteria for overt DIC.

Laboratory test Result Score”
>100 0
Platelet count (x10%/L) >50 but <100 1
<50 2
I in fibrinogen degradation prod None °
t t
ncrease in fibrinogen degradation products ', e 5
(FDP)
Strong® 3
< 0
Prolongation of prothrombin time (PT) over b )
upper limit normal (s) >3 but <5.9
>6 2
g >1 0
Fibrinogen level (g/dL) ) )
<

*Scores >5 compatible with overt DIC.

@A level of <0.5 ug/mL (the upper limit of normal of the D-dimer assay in
this study) was considered normal, a level between 0.5 and 5.0 ug/mL was
considered moderately increased, and a level of >5.0 yg/mL was considered
strongly increased.

cutoff was chosen based upon a previous evaluation of KHE
in which all patients developing KMP had primary tumors
larger than 5 cm [14]. The same process of case identification
and evaluation for DIC was then repeated for patients with
the diagnosis “epithelioid hemangioendothelioma” (EHE).

3. Results

Forty-two patients with angiosarcoma were identified from
our institutional database. The median age was 62 years
(range 16-86 years); 22 patients (52%) were male. Twenty
patients (48%) had advanced disease, defined as either
metastatic or unresectable AS. Eighteen patients (43%) had
bulky disease, of whom 12 had advanced disease. The five
commonest anatomical primary sites include breast (12
patients), liver (5), mediastinum (4), upper limb (3), and scalp
or face (3). Twelve patients (29%) had radiation-associated
AS, the majority of which developed following radiation for
early breast cancer (6 developing breast AS and 2 developing
chest wall AS).

Out of this cohort of AS patients, 11 patients were identi-
fied to have evidence of DIC during the course of their illness.
Four of these patients were deemed to have had their coag-
ulopathy probably attributable to pharmacotherapy (includ-
ing chemotherapy) or sepsis, leaving 7 patients (17%) with
unexplained DIC. The clinical features of these patients are
described in Table 2. The trend of selected hematological
and coagulation parameters for 2 representative patients is
detailed in Figure 1.

Six patients fulfilled the ISTH criteria for overt DIC;
patient 7, whose clinical data was incomplete, scored the
maximum 4 points based on the hematologic and coagula-
tion data available. Three patients manifested either clinical
thrombosis or hemorrhage during the course of their illness;
patients 2 and 4 manifested clinically apparent hemorrhage
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FIGURE 1: Variation in hematological and coagulation parameters showing coagulopathy at diagnosis that improved with therapy but recurred
at disease relapse.
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FIGURE 2: Variation in hematological and coagulation parameters showing coagulopathy at diagnosis that improved with therapy but recurred
at disease relapse.



Sarcoma

necessitating local therapy (surgical ablation or radiother-
apy); and patient 3 had superior vena caval thrombosis. All
but one patient manifested coagulopathy within the first
month of diagnosis; all patients who demonstrated clinico-
radiologic response or stability to systemic therapy (patients
1, 3, 4 and 5) also demonstrated improvement in their
coagulation and hematological parameters in tandem with
their clinical response. All patients demonstrated worsening
coagulopathy coincident with disease progression. The depth
and trend of this coagulopathy for two representative patients
is depicted in Figure 2. Only two patients (patients 3 and 4)
had bulky disease. All patients had very short survival, with
limited duration of disease control, if any.

We conducted an identical review of patients with EHE.
There were 17 patients in total. The median age was 51 years
(range 23-80 years), and 9 patients (53%) were female.
Fourteen patients (82%) had disease arising in the liver,
of whom 8 had metastatic disease (primarily to lungs and
bone) and 6 had multifocal liver disease. Of the remaining
3 patients (18%) with extrahepatic primary disease, 2 had
advanced EHE. Only 3 patients (18%) had bulky disease
according to our definition. Patients were variably treated
with a range of sequential therapies including orthotopic
liver transplantation, hepatic ablative therapies, systemic
therapies, or expectant management. Half of the patients
were free of disease progression for more than 2 years, and
4 patients were stable for more than 5 years. No patient
demonstrated evidence of DIC.

4. Discussion

Amongst the malignant mesenchymal tumors, angiosarco-
mas have a particularly aggressive clinical course. Even in the
context of early disease receiving aggressive multimodality
therapy, relapses are frequent and often early; in the setting of
advanced disease, treatment, responses are uncommon and
usually short-lived [5, 15, 16]. Systemic therapy in advanced
disease often involves the use of anthracyclines and taxanes,
putatively the most active agents in this disease [17]. The value
of therapy directed against the vascular endothelial growth
factor (VEGF), often overexpressed in this endothelium-
derived tumor, remains unsettled. A recent study reported 2
out of 23 angiosarcoma patients achieving a partial response
to single agent bevacizumab [18]; these therapies continue to
be evaluated actively in this disease. What is not in doubt is
the well-documented propensity of anti-VEGF therapies to
cause vascular toxicities. Bevacizumab has been associated
with bleeding in up to 40% of patients, with the rate for
such events with the tyrosine kinase inhibitor sunitinib
reported to be 16%; the risk of both arterial and venous
thromboembolism can also be increased with use of these
agents [19]. The potential for significant myelotoxicity with
cytotoxic therapy, as well as the risk of hemorrhage and
hemostatic derangements with anti-VEGF therapies, in this
aggressive malignancy with few effective therapies, brings
into sharp relief the significant therapeutic implications of
any disease-associated coagulopathy.

Few systematic data exist on the prevalence of DIC in sar-
comas; as mentioned earlier, one series found DIC in 2 out of

41 (4%) sarcoma patients evaluated [3]. More generally, with
the possible exception of nonislet cell tumor hypoglycemia
seen in a proportion of sarcoma subtypes such as solitary
fibrous tumor [20], sarcomas are not known to be consis-
tently associated with particular paraneoplastic phenomena.
Whether this is due to a dearth of systematic evaluation in
an uncommon and biologically diverse group of diseases,
or rather the consequence of a genuine lack of association
between sarcomas and the triggering factors of paraneoplas-
tic syndromes, is unknown at this time. Specific to angiosar-
coma, the occurrence of consumptive coagulopathy has been
documented in several case reports. Two reports described
bulky de novo breast angiosarcomas [8, 11], two others
reported nonbulky scalp angiosarcomas in elderly Asian
males [9,10], and one case described a bulky hepatic angiosar-
coma [7]. The two patients with breast disease and one with
scalp disease had concomitant hemorrhage or thrombosis. In
the only report that described delivery of antineoplastic ther-
apy, chemoradiotherapy resulted in resolution of DIC for the
other patient with scalp disease [9]. In all other cases, patients
experienced rapid clinical deterioration and eventual demise.

Seventeen percent of patients in our series developed
DIC, with all patients with complete data meeting the ISTH
criteria for overt DIC. DIC affected patients across a range
of anatomic primary sites, manifested early in the disease,
improved with effective therapy, and recurred at the time of
disease progression. Importantly, these derangements were
assessed to be independent of concomitant clinical conditions
known to cause similar laboratory abnormalities, such as
sepsis or bone marrow failure. Half the patients developed
clinically apparent thrombosis or hemorrhage; given the
clear presence of a consumptive coagulopathic process in all
patients, it is possible that an occult clot or bleeding diathesis
was present in the remaining patients that was merely not
assessed for or detected clinically. The clinical course of
these patients was not inconsistent with the known dismal
prognosis of patients with visceral angiosarcoma, with no
patients living beyond 1 year [21].

We did not find any evidence of this coagulopathy in the
EHE patients. Notwithstanding clear distinctions in clinical
behavior described earlier, EHE is arguably the closest clinical
analogue of angiosarcoma. Both are malignant vascular
neoplasms of endothelial origin that commonly overexpress
similar mitogens like VEGF and have been studied together
in therapeutic trials [18]. While the sample sizes in both
groups were too small to allow for statistically meaningful
comparisons, the disparity in the occurrence of coagulopathy
between angiosarcomas and EHEs may point towards under-
lying biological features unique to the former, as distinct from
a feature common to vascular neoplasms.

It is interesting to speculate on the particular features
of specific subtypes of mesenchymal tumors that lend them
more prone to DIC than others. In the case of KMP, it is
speculated that the unique vessel architecture of Kaposiform
hemangioendothelioma (KHE) and tufted angiomas (TA)
promotes platelet trapping and the resultant consumptive
coagulopathy; in contrast to the ordered tree-like vasculature
of infantile hemangioma, convoluted capillaries arise directly



off large vessels in KHE and TA resulting in turbulent flow-
promoting platelet activation and aggregation [12]. The obser-
vation of KMP in young infants may suggest the additional
role of developmental differences in infantile endothelial
structure and composition that increase the likelihood of
coagulopathy [12]. Not dissimilarly in angiosarcomas, it is
possible that as yet undefined derangements in the physiology
and function of the endothelium, the histologic cell of origin
in this disease contributes to the platelet adhesion and
activation that leads to consequent DIC.

In our series, 71% of patients (5 out of 7) developing DIC
had angiosarcoma where no single or contiguous mass was
larger than 5cm. Notably, all patients who developed DIC
had metastatic disease. The necessarily tentative nature of
any conclusions drawn from this small sample of patients
notwithstanding, these data may be interpreted to suggest
the limited importance of local physical factors (specifically
size of single largest tumor mass) as compared with systemic
factors, such as hormonal and cytokine elements associated
with disseminated disease, in the development of DIC in
angiosarcoma. Furthermore, the apparent correlation with
disease activity, in as much as the manner the DIC waxed and
waned in tandem with clinical disease, suggests concordance
between the processes driving the angiosarcoma with those
causing the coagulopathy and hints at the potential utility
of the latter as a biomarker for the former. Indeed, though
not evaluated in the context of DIC, D-dimer, the final
degradation product of cross-linked fibrin that is one of the
markers of activated clotting and fibrinolysis, has been shown
to have independent prognostic value in sarcomas [22], as in
several other solid tumors.

We suggest that these cases represent an addition to the
literature linking angiosarcoma to derangements in hemo-
static control. Undoubtedly, the severity and clinical mani-
festations of the coagulopathy vary widely even within this
small group, and their prognostic implications remain to be
rigorously defined. The precise mechanisms underlying the
occurrence of this phenomenon also remain to be elucidated.
Nevertheless, we think that this data importantly highlights
the presence of a clinical syndrome with clear potential
implications for therapy. Angiosarcoma patients are often
subjected to aggressive oncologic therapy, often including
extensive surgery and intensive chemotherapy; vigilance for
the development of DIC and hemorrhage appears critical to
minimize the morbidities of these therapies. As consistent
with the treatment of DIC in cancer in general, therapy
involves addressing the underlying malignant disease with
appropriate antineoplastic therapy. In addition, the intriguing
hints at potential alterations in tandem with disease burden
speak to the possibility of utilizing these parameters as
convenient biomarkers of disease status.

5. Conclusions

Our data systematically complements previous reports link-
ing angiosarcoma to consumptive coagulopathy. This associ-
ation appears unique to this histologic subtype amongst the
vascular tumors and has clear implications for the safe and
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effective delivery of therapy. We suggest that a baseline coagu-
lation screen be performed for newly diagnosed patients with
angiosarcoma; if abnormal, these tests should be repeated
regularly to assess the trend with disease and therapy. Further
studies should assess this association in larger data sets with
a view to evaluating its true prognostic value, if any.

Conflict of Interests

The authors declare that they have no conflict of interests.

References

[1] H. 1. Saba, G. A. Morelli, and R. I. Saba, “Disseminated Intra-
vascular Coagulation (DIC) in cancer,” Cancer Treatment and
Research, vol. 148, pp. 137-156, 2009.

[2] M. Franchini, M. N. Di Minno, and A. Coppola, “Disseminated
intravascular coagulation in hematologic malignancies,” Sermi-
nars in Thrombosis and Hemostasis, vol. 36, no. 4, pp. 388-403,
2010.

[3] S. Sallah, J. Y. Wan, N. P. Nguyen, L. R. Hanrahan, and G.
Sigounas, “Disseminated intravascular coagulation in solid
tumors: clinical and pathologic study;,” Thrombosis and Haemos-
tasis, vol. 86, no. 3, pp. 828-833, 2001.

[4] M. A. Clark, C. Fisher, I. Judson, and J. Meirion Thomas, “Soft-
tissue sarcomas in adults,” The New England Journal of Medicine,
vol. 353, no. 7, pp- 701-711, 2005.

[5] R.J. Young, N. J. Brown, M. W. Reed, D. Hughes, and P. . Woll,
“Angiosarcoma,” The Lancet Oncology, vol. 11, no. 10, pp. 983-
991, 2010.

[6] A. M. Mistry, D. L. Gorden, J. E. Busler, A. C. Coogan, and B.
S. Kelly, “Diagnostic and therapeutic challenges in hepatic ep-
ithelioid hemangioendothelioma,” Journal of Gastrointestinal
Cancer, vol. 43, no. 4, pp. 521-525, 2012.

[7] C. Alliot, B. Tribout, M. Barrios, and M.-E Gontier, “Angiosar-
coma variant of Kasabach-Merritt syndrome,” European Journal
of Gastroenterology and Hepatology, vol. 13, no. 6, pp. 731-734,
2001.

[8] S. H. Y. Moussa, A. L. K. Oliveira, A. P. de Amorim, D. Scandi-
uzzi, E. E C. Murta, and S. Soares, “Angiosarcoma of the breast
associated with Kasabach-Merritt syndrome,” Archives of Gyne-
cology and Obstetrics, vol. 267, no. 1, pp. 43-45, 2002.

[9] S.Imafuku, C. Hosokawa, Y. Moroi, and M. Furue, “Kasabach-
Merritt syndrome associated with angiosarcoma of the scalp
successfully treated with chemoradiotherapy,” Acta Dermato-
Venereologica, vol. 88, no. 2, pp. 193-194, 2008.

[10] S. M. Tans, Y. K. Tay, T. T. Liu, and K. Mancer, “Cutaneous angi-
osarcoma associated with the Kasabach-Merritt syndrome,”
Annals of the Academy of Medicine Singapore, vol. 39, no. 12, pp.
941-942, 2010.

[11] M. Bernathova, W. Jaschke, C. Pechlahner, B. Zelger, and G.
Bodner, “Primary angiosarcoma of the breast associated Kasa-
bach-Merritt syndrome during pregnancy, Breast, vol. 15, no. 2,
pp. 255-258, 2006.

[12] M. Kelly, “Kasabach-merritt phenomenon,” Pediatric Clinics of
North America, vol. 57, no. 5, pp. 1085-1089, 2010.

[13] K. Bakhtiari, J. C. M. Meijers, E. de Jonge, and M. Levi, “Pro-
spective validation of the International Society of Thrombosis
and Haemostasis scoring system for disseminated intravascular
coagulation,” Critical Care Medicine, vol. 32, no. 12, pp. 2416
2421, 2004.



Sarcoma

(14]

(16]

(17]

(18

(20]

(21]

(22]

M. Sarkar, J. B. Mulliken, H. P. W. Kozakewich, R. L. Robertson,
and P. E. Burrows, “Thrombocytopenic coagulopathy (Ka-
sabach-Merritt Phenomenon) is associated with Kaposiform
hemangioendothelioma and not with common infantile hem-
angioma,” Plastic and Reconstructive Surgery, vol. 100, no. 6, pp.
1377-1386, 1997.

M. G. Fury, C. R. Antonescu, K. J. Van Zee, M. F. Brennan, and
R. G. Maki, “A 14-year retrospective review of angiosarcoma:
clinical characteristics, prognostic factors, and treatment out-
comes with surgery and chemotherapy,” The Cancer Journal, vol.
11, no. 3, pp. 241-247, 2005.

M. Schlemmer, P. Reichardt, J. Verweij et al., “Paclitaxel in
patients with advanced angiosarcomas of soft tissue: a retro-
spective study of the EORTC soft tissue and bone sarcoma
group,” European Journal of Cancer, vol. 44, no. 16, pp. 2433-
2436, 2008.

A. Ttaliano, A. Cioffi, N. Penel et al., “Comparison of doxoru-
bicin and weekly paclitaxel efficacy in metastatic angiosarco-
mas,” Cancer, vol. 118, no. 13, pp. 3330-3336, 2012.

M. Agulnik, J. L. Yarber, S. H. Okuno et al., “An open-label,
multicenter, phase II study of bevacizumab for the treatment
of angiosarcoma and epithelioid hemangioendotheliomas,”
Annals of Oncology, vol. 24, no. 1, pp. 257-263, 2013.

D. Keefe, J. Bowen, R. Gibson, T. Tan, M. Okera, and A. Stringer,
“Noncardiac vascular toxicities of vascular endothelial growth
factor inhibitors in advanced cancer: a review;” Oncologist, vol.
16, no. 4, pp. 432-444, 2011.

J. W. B. de Groot, B. Rikhof, J. van Doorn et al., “Non-islet
cell tumour-induced hypoglycaemia: a review of the literature
including two new cases,” Endocrine-Related Cancer, vol. 14, no.
4, pp. 979-993, 2007.

J. Fayette, E. Martin, S. Piperno-Neumann et al., “Angiosarco-
mas, a heterogeneous group of sarcomas with specific behavior
depending on primary site: a retrospective study of 161 cases,”
Annals of Oncology, vol. 18, no. 12, pp. 2030-2036, 2007.

S. D. Raj, X. Zhou, C. E. Bueso-Ramos et al., “Prognostic
significance of elevated D-dimer for survival in patients with
sarcoma,” American Journal of Clinical Oncology, vol. 35, no. 5,
pp. 462-467, 2012.



