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Abstract

Background/Aims: Primary splenic angiosarcoma is an aggressive malignancy originating
from endothelial cells with a particularly poor outcome despite radical therapy. Owing to
its extremely low incidence, available data for splenic angiosarcoma are limited. The present
study aimed to address this limitation by presenting a thorough retrospective analysis of
Chinese primary splenic angiosarcoma patients over a 53-year period (1963-2016). Methods:
To determine the characteristics of Chinese primary splenic angiosarcoma and identify
factors that impact the outcomes of this histology, we retrospectively retrieved reports of
110 Chinese primary splenic angiosarcoma cases published between 1963-2012. Results: In
total, 61 males and 49 females diagnosed with primary splenic angiosarcoma were included
in the present study. The median age at diagnosis was 50 years (range 2.5-76 years). Of these
patients, 25.5% had received prior radiotherapy. The rate of splenic rupture was 59.11%. The
1-year overall survival rate was 19.1% with a median overall survival time of 8.1 months. Age,
gender, and radiation history showed no correlation with survival rate. However, by univariate
analysis, we found that significant adverse predictors of survival were splenic rupture before
surgery and large tumor size (> 5 cm), while adjuvant chemotherapy was a favorable predictor.
Furthermore, multivariate analysis revealed that splenic rupture and adjuvant chemotherapy
were independent adverse and favorable predictors, respectively. Conclusion: Our large series
describes and confirms the characteristics and poor prognosis of Chinese primary splenic
angiosarcoma, thus indicating a critical role for early diagnosis and surgical intervention (prior
to rupture) in management, and highlights the promising potential of adjuvant chemotherapy

for improving the outcome in these cases. © 2018 The Author(s)
Published by S. Karger AG, Basel
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Introduction

The spleen is regarded as an important immune organ, and it is rarely reported as a
primary tumor site. Angiosarcoma is an unusual and highly malignant neoplasm arising from
vascular endothelial cells with a high metastatic rate [1-4]. Primary splenic angiosarcoma
(PSA) is the most unusual type of splenic malignancy with early multifocal metastasis
through hematogenous spread. It has been reported that PSA originates from immature
endothelial-type cells [5]. The incidence of PSA has been reported between 0.15 and 0.26
per million people [6, 7].

Owing to the very low incidence and a lack of systematic analysis, the epidemiology,
etiology, clinical diagnosis and treatment of PSA remain challenging. The initiation of PSA
has been reported to have an association with environmental or occupational exposure
to carcinogens (vinyl chloride, thorium dioxide, arsenic or radiation) and benign splenic
hemangioma [8, 9]. However, no clear relationship between these factors has been robustly
established. In most cases, no obvious causative factors can be identified. PSA tends to occur
more often in the older age population, while younger cases have also been reported [10,
11]. A slight male predilection among the reported PSA cases has been reported [12]. The
common presentations are non-specific and include weakness, fatigue, abdominal distension,
abdominal pain, anorexia, and weight loss. Occasionally, PSA presents as an abdominal
emergency or uncontrolled hemorrhagic shock due to the high rate of spontaneous splenic
rupture in PSA [6]. A minority of patients are asymptomatic with PSA discovered incidentally.
Physical examination does not always provide a direct diagnosis. In addition to splenomegaly,
the patients may have abdominal tenderness, jaundice or hepatomegaly, or even ascites
when there is metastasis [7]. On laboratory examination, anemia and thrombocytopenia are
the most common blood abnormalities [13], though schistocytes and echinocytes have also
been reported [14].

The highly malignant character and non-specific symptoms very often result in delayed
diagnoses for PSA patients. Moreover, the therapeutic strategies for PSA are limited due to
its extreme rarity and highly aggressive characteristics. Consequently, the prognosis of PSA
is poor. Although the longest documented surviving case was a boy who remained disease-
free at 14.8 years after surgery [10], an average survival time of less than 6 months has been
implicated for PS4, irrespective of the type of treatment administered [7].

Since the first case reported by Theodor Langhans in 1879, only approximately 300
cases have been reported in the literature worldwide, largely as isolated case reports [11,
15]. Large-scale systemic analyses are still lacking. Moreover, research on PSA prognosis is
also limited. As aresult, this disease remains very challenging for even experienced clinicians.
Therefore, the present study has retrospectively collected information from 110 Chinese
PSA cases reported from 1963 to 2017, including general data, clinical characteristics and
prognostic information, in order to identify potential factors involved in the occurrence of
PSA and explore potential prognostic indicators.

Materials and Methods

Case retrieval

We systematically searched the online Chinese databases (Wanfang, VIP and CNKI; updated through
March 1, 2017) with the search term “primary splenic angiosarcoma” in Chinese. Concurrently, the PubMed
and Web of science databases were also searched with “primary splenic angiosarcoma (haemangiosarcoma)”
or “primary spleen angiosarcoma (haemangiosarcoma)” and “China (Chinese)” as search terms. Two
investigators (Rong Li and Ming Li) independently screened all titles and abstracts to identify eligible
studies. We collected the demographic and clinicopathological information on all reported cases, including
year, gender, age, abdominal radiotherapy history, tumor characteristics, clinical manifestation, treatment
modality (surgery or adjuvant therapy) and prognosis. Follow-up information was also collected, and overall
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survival (0S) was defined as the period of time from the initial diagnosis of primary splenic angiosarcoma to
death from any cause or last follow-up.

Case selection

In this study, cases were selected from published reports according to the following criteria: (1)
case report of primary splenic angiosarcoma with a clear diagnosis, clinical-pathological characteristics
documented and prognostic information reported; and (2) overviews of primary splenic angiosarcomas
with summarized clinical information. Unpublished cases, meeting abstracts, comments, letters and
literature reviews were not included. All of the 110 cases were diagnosed with histologic confirmation.
However, only 66 of 110 cases had detailed histological information reported.

Statistical analysis

SPSS software (version 16.0, Chicago, IL) was used for statistical analyses in this study. All data are
presented as the mean * standard deviations (SD). Categorical variables were compared by x2 or Fisher’s
exact test. Survival curves were drawn using the Kaplan-Meier method, and differences in survival times
were tested with the log-rank test. Univariate and multivariate analyses were performed using the Cox
proportional hazard model. All tests were two-tailed, and p < 0.05 was considered to be statistically
significant.

Results

Clinical characters of PSA

Data from 110 Chinese splenic angiosarcomas were extracted from published reports
of 96 PSA cases identified through a comprehensive search of PubMed, Web of science and
Chinese databases (Wanfang, VIP
and CNKI) through March 1, 2017.
As displayed in Table 1, 69 males
and 41 females were diagnosed

Table 1. The clinicopathological characteristics of 110
patients. NA. Not available

with splenic angiosarcoma in Number of

; . T . Characteristics atients %
China, which indicates a propensity Gonder L
among Chinese males. The age  male 69 62.7
of onset in patients with splenic f\emale 41 37.3
. . e
angiosarcoma varied greatly from Sgéo 26 23.6
2.5 to 76 years old. Thirty-three  >60 84 76.4
. Year
cases were diagnosed befqre 2000,  _5000s 33 30
and 77 cases were diagnosed  >2000s 77 70
_ i Size
petweep ZQOQ 2017, suggestingan ~ 2° 53 482
increasing incidence. >5 cm 57 51.8

Metastasis at diagnosis

As this tumor originates from

. . Yes 76 69.1%
the vascular cells with a highly  y, 34 30.9%
malignant character, over half of  Splenic rupture prior to surgery
the patients were diagnosed with ves o> o
e patients were diagnosed witha 45 10.9
large mass (> 5 cm) and 76 patients ~ Abdominal radiotherapy
: : : ; With 28 25.5
had metastatic dlsez.ise atdiagnosis. 5. 82 ae
Spontaneous splenlc rupture was History of benign spleen hemangioma
frequently observed (n=65). Among Ees g‘i ;g-g
. o B
the 110 cases, a total of 46 patients /. .1, 10 diagnose
underwent emergency surgery due Fine needle aspiration biopsy 15 13.6
to uncontrollable bleeding caused Surgic sample 95 864
. . Adjuvant chemotherapy
by splenic rupture or metastatic Yes 31 282
lesions. No 79 71.8
i s . : Emergency surgery
Similar to angiosarcoma in v 16 418
other organs, the pathogenesis No 64 58.2
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of splenic angiosarcoma is obscure.
Although exposures to particular toxins

Table 2. The overview of primary splenic angiosarcoma

or radiation have been implicated as  _Characteristics Number of patients %
ibl 1 hist First manifestation
possible causes, clear exposure history  yiominal pain 66 60
was not available for most patients Abdominal distension 50 455
in our study. There were 28 patients ;eeble a“dda“em_‘g ‘2‘3 32;
. . . . . asuea and vomitn .
with an explicit exposure to radiation Fever & 13 118
for radiotherapy or occupational Loss of appetite 10 9.1
demands. Only 3 patients displayed a Igl‘;zsrt"(‘;;"{)er‘eg;’t; g g-;
definitive family history of cancer. More Organs involved in metastasis '
interestingly, a total of 29 patients had Liver 86 78.2
P gl : : : Lung 44 40
been initially dllagnosed with benign Omentums 2 20
spleen hemangiomas, some for an Bone 20 182
extended period of time. However, they Iéymph nodes ig 13-5
. varies 10.
continued .to.seek further treatment, Misdiagnosed diseases
due to rapld Increases in tumor mass, Spleen metastatic malignancy 40 36.4
until they eventually received a clear I‘?Aefll_ig“ Splf“ic }llqema"gioma ﬁ ig
. . . . alignant lymphoma
diagnosis of .splenlc. angiosarcoma. Splenomegaly in Cirrhosis P 45
All 110 splenic angiosarcoma cases Splenic abscess 4 3.6
were diagnosed with histologic Splenic inflammatory pseudotumor 4 3.6
confirmation. = However,  detailed Blood system malignancy 4 36
histological information was only  Spleen fibroids 3 2.7
available for 66 cases. Vasoformative gg;’:fiiiy:““s 2 b
architecture was described in 30 Spleen parasites 1 0.9
(45.5%) cases. Of the 36 (54.5%) non- Diagnosis implicated by images
; : cT 54 49.1
vasofor.m.atlve angiosarcomas, 18. had Ultrasound o6 60
epithelioid morphology, 8 had spindle MRI 12 10.9

cell morphology, and 10 cases were

mixed. Of the 28 radiation-associated

splenic angiosarcomas, 10 cases displayed vasoformative architecture. As PSA tumors
have a tendency to spread, it was not surprising that all patients in this study developed a
secondary lesion; the most common secondary organ site was the liver, followed by the lungs
and the peritoneal cavity (Table 2). Combined with non-specific clinical presentations, the
extremely low incidence of angiosarcoma made quick and accurate diagnosis very difficult.
As a result, misdiagnosis was very common. According to our results, clear diagnosis at first
hospital duration was rare, even after a thorough clinical inquiry and physical examination.
The most common misdiagnoses are listed in Table 2. Due to the non-specific clinical
presentations and a lack of serum specific biomarkers, most splenic angiosarcomas were
ultimately diagnosed by surgery and subsequent pathologic evaluation. In addition, there
were 15 patients who were correctly diagnosed on the basis of a fine needle aspiration
(FNA) biopsy of the spleen, demonstrating a diagnostic advantage of this minimally invasive
method. In addition, there were 15 patients who were correctly diagnosed on the basis of
a fine needle aspiration (FNA) biopsy of the spleen, demonstrating a diagnostic advantage
of this minimally invasive method. All of the patients enrolled received therapeutic surgery,
and 31 patients were treated with subsequent adjuvant chemotherapy.

The characteristics of radiotherapy-induced splenic angiosarcoma

According to the potential cause of disease, angiosarcomas are divided into cutaneous
angiosarcoma, primary-breast angiosarcoma, soft-tissue angiosarcoma, lymphoedema-
associated angiosarcoma and radiation-induced angiosarcoma [16]. Radiation therapy
has been widely used and established to be an efficacious treatment for some tumor types
including breast cancer, cervical cancer and uterine cancer. Notably, most documented cases
of post-radiation angiosarcomas have been reported in breast, skin and associated soft tissue
[17]. In the present study, we have retrospectively detected 28 cases of radiation-induced
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splenic angiosarcoma (RSA) Table 3. The clinicalpathological characters of 110 patients with
among the 110 PSA cases. spleen angiosarcoma grouped by radiation exposure
Radiation therapy was

L i Characteristics n  Withradiation = Without radiation p
lnltlally employed in the exposure exposure value
: : Gender 0.039
adj uvantsetting forallcases. ¢ 69 13 56
Consistent with the features  Female 4 15 26
sl _ Age 0.404
of report.ed radiation <es 84 23 61
related angiosarcomas [18,  »65 26 5 21
. Year 0.005
19], the average interval _;50 32 14 18
between radiation exposure ;2000 78 14 64
. ize 0.509
and presentation of RSAwas ., 53 15 38
approximately 9.5 yearsand = >*cm A 57 13 44
Splenic rupture prior to surgery 0.491
ranged from 4 to 21 years.  ves 65 15 50
Herein, we have analyzed o 45 13 32
the association between History of benign spleen hemangioma 0.237
clinical characteristics and  Y¢ 29 > 24
the occurrence of RSA. As N° 81 23 58
: : Emergency surgery 0.309
displayed in Table 3, there ™ 6 " 2
were more cases of RSA  no 64 14 50

among the females (15/41

vs. 13/69, p = 0.039).

Moreover, the incidence of RSA was higher in the 1970-2000 time period than in the 2000-
2017 time period (14/32 vs. 14/78, p = 0.005). But classification by age did not reveal any
particular association. More importantly, the history of radiotherapy did not influence the
lesion size, the rate of spontaneous splenic rupture or the development of benign splenic
hemangioma (p > 0.05).

The factors influencing the overall survival time (0S) of PSA

Similar to angiosarcoma of other sites, the prognosis is poor for patients with PSA and
survival time greater than 1 year is extremely rare [20]. Most patients do not survive the
post-operative period or die within a few months after diagnosis. In the present study, we
summarized the outcome of 94 patients with intact follow-up information. Kaplan-Meier and
log-rank test methods were used to analyze potential significant prognostic factors including
gender, age, splenic rupture and type of treatment.

From our analysis, we found that uncontrolled bleeding or metastases were common
direct causes of death. Average survival time was approximately 8.1 months, with a range
from 3 days to 60 months after definitive diagnosis. Overall, the 1-year OS rate was 19.1%
and was not associated with age or gender. Significant prognostic factors are shown in Fig. 1.
There was no evidence of an improved outcome for PSA patients after 2000 when compared
to those diagnosed before 2000. There was no evidence of an improved outcome for PSA
patients after 2000 when compared to those diagnosed before 2000. Radiotherapy prior
to the occurrence of splenic angiosarcoma did not affect OS significantly (median OS of 7.4
months in patients with radiotherapy history vs. 11.8 months in patients without, p = 0.4685).
PSA tumor size > 5 cm was a critical factor associated with adverse clinical outcome (median
OS of 5.7 months vs. 9.0 months in patients with tumors <5 cm). Corresponding 1-year
survival rates were 7% in patients with tumors >5 cm and 70% in patients with smaller
tumors. From the survival analysis of 66 patients with information of pathological features,
we found that the non-vasoformative architectural pattern was associated with inferior
outcomes (median OS of 6 months for non-vasoformative vs. 9.47 months for vasoformative
tumors, p = 0.5041), though this did not achieve statistical significance. Similarly, a history of
benign spleen hemangioma had no impact on clinical outcome.

In addition, splenic rupture prior to surgery was associated with a significantly shorter
0S. The impact of spontaneous splenic rupture on PSA outcome is shown in Fig. 2. Patients
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Fig. 1. (A, B) Age and gender
did notinfluence OS of primary
splenic angiosarcoma. (C)
Patients with primary splenic
angiosarcoma did not show a
longer survival after 2000s,
when compared to those
before 2000s. (D) History of
radiotherapy did not influence
the of primary
splenic angiosarcoma.

outcome

Fig. 2. Characters of tumor
and treatment influence
the prognosis of primary
splenic angiosarcoma. (A,
B) Tumor size (> 5 c¢cm) or
metastatic
the OS significantly in
patients with primary splenic
angiosarcoma. (C) Splenic
rupture prior to surgery
plays a negative role in OS of
primary splenic angiosarcoma
patients. (D) Adjuvant
chemotherapy helps prolong
the OS of primary splenic
angiosarcoma  significantly.
(E, F) Histological type and
history of benign spleen
hemangioma did not impact
the OS.

lesion shortens
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Fig. 3. Adjuvant chemotherapy helps improve outcome of primary splenic angiosarcoma significantly, even
in the patients with a large mass (> 5 cm) (A) or metastatic lesions (B).

1965

who experienced splenic
rupture had a median
overall survival of 3.9
months vs. 7 months in
those without (p < 0.001).

Table 4. Univariate cox analysis of survival in 94 patients with primary
splenic angiosarcoma

Characteristics
Year (after 2000/before 2000)
Gender (female/male)

HR(95%CI)
0.861(0.291-2.550)

1.410(0.476-4.182)
3.221(0.921-11.262)
0.217(0.049-0.967)
0.121(0.017-0.864)
4.919(0.634-38.179)

Metastatic disease at first
presentation was  also
associated with a shorter
0S (p < 0.001). However,
adjuvant chemotherapy
was strongly associated
with significantly improved
PSA survival (median OS >  Table 5. Multivariate cox analysis of survival in 94 patients with
12 months in patients with  primary splenic angiosarcoma

adjuvant chemotherapy vs.
4 months in those without,
p < 0.001). Moreover,
the association between
adjuvant chemotherapy on
0S was independent of the
impact of spontaneous splenic rupture (median OS in patients with spontaneous splenic
rupture: 10 months with chemotherapy vs. 3 months without chemotherapy, p = 0.0021).
Adjuvant chemotherapy was also associated with prolonged survival time in those patients
with tumors larger than 5 cm (p = 0.0013) (Fig. 3).

Age (year) (>60/<60)
Tumor size (>5cm/<5cm)
Splenic rupture prior to surgery (no/yes)

History of benign spleen hemangioma (no/yes)

Emergency surgery (no/yes)
Adjuvant chemotherapy (no/yes)

0.914(0.179-4.673)
0.116(0.015-0.894)

Characteristics HR(95%CI) p Value
Tumor size (>5cm/<5cm) 0.242(0.049-1.207)  0.084
Splenic rupture prior to surgery (no/yes) 0.083(0.013-0.542)  0.009
Adjuvant chemotherapy (no/yes) 0.072(0.009-0.588) 0.014

Univariate and multivariate analysis of factors which might indicate the prognosis of PSA

It was worthwhile to consider major determinants in the prognosis of PSA. Therefore,
Cox proportional hazards regression models were introduced. As univariate analyses (Table
4) displayed that patients with tumors measuring 5 cm or less showed a significantly better
prognosis than those with tumors larger than 5 cm (p = 0.045). Patients with splenic rupture
prior to surgery showed a significantly worse prognosis than those without (p = 0.035).
But adjuvant chemotherapy did help improve the prognosis of PSA significantly. However,
other clinical factors including gender, age, decade, history of benign splenic hemangioma,
emergency surgery were not correlated to survival (p > 0.05). Subsequent multivariate
analysis was performed on these three significant factors for survival. As Table 5 displayed
that the occurrence of splenic rupture prior to surgery was an independent adverse predictor
for outcome of PSA (p = 0.009), while the adjuvant therapy was a favorable one with a similar
HR (p = 0.014).


http://dx.doi.org/10.1159%2F000493656

Cellular Physiology Cell Physiol Biochem 2018;49:1959-1969
DOL

© 2018 The Author(s). Published by S. Karger AG, Basel

and BiOChemIStry Pubiished online: 21 September, 2018 |www.karger.com/cpb

Li et al.:Clinical Characteristics and Prognostic Factors of Primary Splenic Angiosarcoma

Discussion

PSA is a highly malignant vascular tumor, also known as a malignant vascular endothelial
cell tumor, that rarely occurs in the spleen. Spleen angiosarcoma accounts for less than 1% of
all types of sarcomas, and approximately 30% of these develop spontaneous splenic rupture
[6].

The characteristics of the PSA patients in our cohort are generally consistent with
angiosarcomas reported in other sites [12, 21]. Although PSA occurs primarily in older
patients, individuals of any age could be affected. In our study, PSA patients presented at
widely varying ages, from 30 months to 76 years old. This disease shows a slight gender
predilection for males, with an approximate male to female ratio of 1.7.

Clinical symptoms were non-specific and varied from asymptomatic diseases, found
only on incidental investigations, to splenic rupture or lethal hemorrhage [15, 22, 23]. From
the present study, a series of manifestations could be concluded as first presentations in
PSA. Most patients presented with abdominal pain in our series, making it one of the most
frequent first clinical presentations. Other common complaints included anorexia, fatigue
and weight loss. Fever, as an associated finding, has also been described in nearly 12% of
PSA patients.

As a result of extremely low incidence and non-specific symptoms, misdiagnosis was
frequent during the first hospitalization. As displayed in Table 2, the diseases most often
requiring differentiation from PSA included splenic metastatic malignancy, benign splenic
hemangioma and malignant lymphoma. The distinctive manifestations of this tumor and
difficult diagnosis combined with high mortality make early discovery very important.
While a current lack of standardization remains, the diagnosis of PSA was made via surgery
combined with pathologic investigation in all cases included in this study. Though not
evaluated, imaging studies could prove useful for more definitive diagnosis and qualitative
description [24]. In the present study, ultrasound, CT and MRI all provided supportive
evidence of splenomegaly in most patients. Additionally, CT imaging was valuable for
acute assessment of complications. Moreover, fine-needle aspiration cytology appeared
advantageous in early diagnosis when there was a consideration of PSA without laparotomy
[25, 26]. Collectively, PSA should be considered in the differential diagnosis of patients with
splenomegaly, especially when there is anemia of unknown etiology.

The pathogenesis of PSA is still unclear, though possible causative factors have been
suggested [16, 27]. The prevalence of sarcomas in the general population is very low, but it is
relatively high amonglong-term survivors of primary tumors initially treated with irradiation.
It has been reported that radiation-induced sarcomas constitute 18-30% of the post-
radiation malignancies [28]. The frequency of radiation-associated splenic angiosarcoma in
our cohort was approximately 25%, which was consistent with other publications [29, 30].
All cases received radiotherapy to control their primary malignancies. With an increasing
number of patients who are cured of their primary malignancies, especially after application
of radiotherapy in gynecological system tumors [31, 32] _ENREF_7, a rise in the prevalence
of radiation-associated sarcomas was to be expected as a serious, often lethal, complication.
The median duration between radiotherapy and occurrence of post-radiation angiosarcoma
in our series was 9.5 years. Additionally, we found that there was a predilection for females
and a decreased incidence after 2000 in the post-radiation-associated splenic angiosarcoma.
Radiotherapy did not influence the onset age, tumor size, or rate of spontaneous splenic
hemorrhage. Notably, the shortest interval between radiotherapy and occurrence of post-
radiation angiosarcoma was 4 years after initial radiation treatment for prostate cancer,
highlighting the necessity for clinical vigilance even during early radiation therapy follow-
up. In the present study, we aimed to explore the factors impacting PSA outcomes.

Compared to sporadic angiosarcomas, radiation-associated splenic angiosarcoma
patients did experience different survival outcomes. Limited by our retrospective cohort
design, we were only able to collect intact descriptions of histological appearance from
66 patients. Consistent with the current consensus statement from the American Joint
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Committee on Cancer and College of American Pathologists [33], the grading of angiosarcoma
did not correlate with prognosis according to our analysis. As suggested by Mark et al,,
well-differentiated tumors can behave aggressively [34]. However, Naka et al. found that
mitotic count was an independent factor for worse prognosis in a multivariate analysis of
55 angiosarcoma cases [35]. Deyrup et al. found that epithelioid morphology and necrosis
were associated with poorer prognosis in a series of sporadic cutaneous angiosarcomas
[36]. Thus, there is still debate regarding the role of histological grading in PSA prognosis.
Of note, our experience was limited by small numbers. Further analysis is needed to settle
this dispute.

Large tumor size (> 5 cm) and the presence of metastatic disease at diagnosis were
shown to negatively influence the prognosis of PSA. Lesion size appears to be an important
prognostic factor in many studies. Mark et al. have reported a 5-year survival rate of 13%
for those with tumors larger than 5 cm compared with 32% for those with smaller lesions
[34]. The reported rates of metastases in PSA were 69-100% [6, 7, 12]. Secondary malignant
tumors can occur mainly by hematogenous spread or direct invasion. The most common
site involved is the liver, followed by the lung, bone, lymph nodes and ovaries [37, 38]. In the
present study, most patients had metastases, in spite of the fact that the primary lesion has
been removed, that led to their deterioration. While angiosarcoma is known to be a highly
metastatic disease, it has also been speculated that surgical intervention might increase the
risk of distant metastases.

Apart from the extremely malignant character, rupture of splenic angiosarcoma
contributes to poor prognosis, with an immediate risk of death from hemorrhagic shock and
disseminated intravascular coagulopathy. The rupture of the splenic tumor also facilitates
peritoneal dissemination and hematogenous spread. Though there is currently no consensus
regarding the treatment of PSA, splenectomy is regarded as the preferred treatment for spleen
angiosarcoma, as it has improved outcomes even in patients with aggressively disseminated
metastases, especially when it is performed before splenic rupture. Montemayor et al.
found that that splenectomy prolonged survival from 4.4 months to 14.4 months [37]. All
patients had a splenectomy in the present study, and we found that surgery before rupture
was associated with a much longer overall survival time. Moreover, multivariate Cox analysis
indicated that a lack of intervention before rupture of splenic angiosarcoma exacerbated
poor outcomes and was an independent predictor of unfavorable prognosis.

Concurrent chemotherapy was a promising choice for improved outcomes, and it was
advantageous both in the entire series and in the subgroup of patients who presented with
metastatic lesions. However, currently, there are still no specific chemotherapeutic regimens
for treating splenic angiosarcoma. Most treatment programs were designed empirically,
owing to the lack of evidence from large-scale studies. Administration of IL-2 was not
significantly associated with survival [35]. Recently, the therapeutic efficacy of autologous
peripheral blood stem cell transplantation, based on chemotherapy, has been reported [39].
However, its value still needs further investigation.

Conclusion

In conclusion, our study provides the first overview of demographics, tumor
characteristics and treatment outcomes of a large series of Chinese PSA patients. Our data
indicate that radiation-associated PSA is a distinct type of PSA but shares a similar outcome.
Large tumor size (> 5 cm) or metastatic diseases will worse PSA outcome. Adjuvant
chemotherapy is beneficial, even in patients with metastatic disease. Splenic rupture has
been demonstrated to be an independent indicator of adverse outcomes; early diagnosis
and surgical resection prior to rupture are independent indicators for improved prognosis.
Collectively, we anticipate that these observations will provide a warning for clinicians. We
strongly suggest that PSA patients will benefit from early diagnosis, intervention prior to
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splenic rupture, and multi-disciplinary management by teams with broad expertise in the
pathologic examination and systemic management of this rare malignancy.
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