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Abstract We report an epithelioid angiosarcoma involv-
ing the splenic capsule. This neoplasm developed because
of a gauze sponge, retained for 38 years following left-
sided nephrectomy. Clinical, radiological, and histologi-
cal features of this angiosarcoma add to the validity of the
concept of inert foreign body tumorigenesisin humans.

Keywords Epithelioid angiosarcoma - Splenic capsule -
Foreign body tumorigenesis

Introduction

Primary peritoneal angiosarcomas are rare tumors, with
few well-documented cases in the literature [14, 15, 20,
24]. Some of these neoplasms involve the serous mem-
branesin a peculiar surface-spreading manner, mimicking
mesothelioma, both clinically and grossly [15, 19, 24].
Differentiation from epithelial mesothelioma using light
microscopy can be challenging, especially with angiosar-
comas exhibiting epithelioid features [12, 19, 30]. Similar
tumors occur in the pericardium or pleura [16, 20, 35].
By analogy with the so-caled pseudomesotheliomatous
adenocarcinoma [19], the term pseudomesotheliomatous
angiosarcoma has been suggested for this entity [20].
Retained foreign material has been implicated as an eti-
ological factor in the development of a variety of sarco-
mas, both in experimental animal studies and in humans
[5, 6]. Angiosarcomas could also develop through this
mechanism of inert foreign body tumorigenesis [3, 13, 15,
33, 38]. This report describes the clinical, radiological,
and pathological features of a primary epithelioid angio-
sarcoma encasing the spleen. The rareness of this neo-
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Fig. 1 a Computed tomography (CT) scan of the lumbar region.
At the site of left nephrectomy, a rounded nodule is seen abutting
the spleen. Note the irregular, hypodense area at the lower pole of
the spleen (arrow). b CT scan lumbar region 3 weeks later. The
spleen is surrounded by an irregular, hypodense process



Fig. 2 Fragment of the spleen, surrounded by fibrofatty tissue.
Note the capsular indentation (large arrow). There is early inva-
sion of the splenic parenchyma (small arrow)

plasm and the close topographical association to aretained
gauze sponge reemphasize the relevance of solid-state car-
cinogenesis in the devel opment of sarcomas.

Clinical history

A 67-year-old male patient was admitted to the hospital
with a 1-month history of pain in the left hypochondrium.
There was no history of recent trauma. The patient report-
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ed having had a left-sided nephrectomy 38 years earlier,
for localized rena tuberculosis. A rounded nodule present
at the site of nephrectomy, abutting the lower pole of the
spleen, was observed using computed tomography (CT).
This nodule showed no contrast enhancement. A conspicu-
ous peripheral calcified rim was present (Fig. 1a). A diag-
nosis of an encapsulated hematoma with periphera calcifi-
cation was made. Contrast enhancement was noted at the
lower pole of the spleen, adjacent to the above-mentioned
nodule. This was interpreted as a small subcapsular hema-
toma. There was no evidence of retroperitonea lymphad-
enopathy. A CT scan performed 3 weeks later showed the
same rounded nodule with peripheral cacification. The
spleen was surrounded by a contrast-enhancing process,
with multiple hypodense areas (Fig. 1b). In view of the
rapid progression of this process, urgent laparatomy was
performed, with removal of the spleen and adjacent nod-
ule. This nodule proved to be a gauze sponge, largely in-
tact but fragile, being partly surrounded by a dense fibrotic
capsule. The spleen was embedded in fibrohemorrhagic
tissue that extended into the gastrosplenic ligament. After
initial recovery and transfer to another hospital, the patient
died suddenly, only 10 days after surgery.

Fig. 3 Scanning magnification. The splenic capsule (Ca) and pa-
renchyma (P) are easily discernable. An inflammatory process is
present (asterisk) surrounding the spleen, intermingled with areas
of a high-grade neoplasm (large arrow). The splenic capsule is
lined by atypical, epithelioid cells (small arrows)



Fig. 4 Sheath-like growth pattern of tumor, with epithelioid cells
displaying high-grade nuclear atypia. Atypical mitoses are present
(large arrow). Note multiple intracytoplasmic lumina, with single
red blood cells (small arrows)

Macroscopic findings

The gauze sponge, measuring 5x4x4 cm, was embedded
in fibrous tissue and clotted blood. The spleen with sur-
rounding tissue measured 12x10x4 cm, for atotal weight
of 360 g. There was encasement of the spleen by partly
hemorrhagic fibro-fatty tissue. A local indentation of the
splenic capsule was also involved by the necrotic tissue

(Fig. 2).

Light microscopic findings

Microscopically, the perisplenic tissue consisted of fat,
cellular fibrous tissue, and areas with fibrin deposition,
numerous neutrophilic granulocytes, lymphocytes, and
foamy histiocytes. A single layer of epithelioid cells cov-
ered most of the splenic capsule, displaying a large
amount of eosinophilic cytoplasm, large round to oval
nuclei, a vesicular chromatin pattern, and a prominent
nucleolus (Fig. 3, 5a). There was pseudostratification of
tumor cells, with tufts and micropapillary projections. A
high-grade neoplasm was easily identified, spreading

along the splenic capsule, extending into the gastrosplen-
ic ligament. Careful sectioning revealed only a single fo-
cus of microinvasion of the splenic parenchyma (Fig. 2).
The tumor consisted of freely anastomosing vascular
channels lined by atypical endothelial cells (Fig. 5b). A
significant portion of the neoplasm displayed a sheet-like
growth pattern, with barely discernable vascular chan-
nels. Multiple intracytoplasmic lumina were present,
some of which contained single red blood cells (Fig. 4).
Some acellular collagenous tissue, with scattered foci of
hemosiderin-laden macrophages, calcifications, and cho-
lesterol clefts, was present at the lower pole of the
spleen, forming a fibrous capsule partly surrounding the
gauze sponge. Sections of this sponge revealed birefrin-
gent fibers, with interspersed acellular, necrotic tissue.
No foreign body giant cells were seen.

Immunohistochemistry

Immunohistochemistry was performed on formalin-
fixed, paraffin-embedded tissue, utilizing the avidin—bi-
otin complex method, with a panel of immunohisto-
chemical markers comprising cytokeratin (1:50; Im-
munotech; France), epithelial membrane antigen (1:100;
EMA; Dako; Glostrup, Denmark), vimentin (1:40;
Dako), factor VIII related antigen (FVIIIRag; 1:30;
Dako), CD31 (1:50; Dako), and CD34 (My10; 1:10;
Becton Dickson; San Jose, Calif.). The tumor cells
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Fig. 5 a CD31 stain, highlighting the endothelial nature of the
atypical epithelioid cells lining the splenic capsule. These cells
lacked cytokeratin or epithelial membrane antigen positivity (de-
tail of Fig. 3). b CD31 stain illustrating freely anastomosing vas-
cular channels lined by atypical endothelial cells. ¢ Factor VIII-re-
lated antigen stain, showing strong cytoplasmic positivity

showed strong cytoplasmic staining for both factor VII1-
Rag and vimentin and were strongly positive for CD31
(Fig. 5b, c). All other markers were negative. The bizarre
epithelioid cells lining the splenic capsule displayed the
same staining pattern (Fig. 5a).

Discussion

The concept of solid-state carcinogenesis can, in addi-
tion to ultraviolet and ionizing radiation, burns, and

physical trauma, be included among the so-called physi-
cal causes of cancer [22]. The tumorigenic capacity of
ultraviolet and ionizing radiation has been well recog-
nized for a long time [32]. There have been severa re-
ports of sarcomas developing in scar tissue from burns
[8, 27]. Experimental animal studies, dating back to the
1940s, suggested that implanted inert foreign material
could have a similar tumorigenic potential. The first ob-
servations came from experiments with cellophane
sheets implanted in rats, inducing fibrosarcomas [28].
Further studies with al kinds of plastic sheets and a vari-
ety of other inert substances confirmed these initial find-
ings and delineated several critical properties of this pro-
posed mechanism of carcinogenesis [2, 5, 29]. Larger,
smooth-surfaced implants appear more tumorigenic than
smaller, fragmented, or perforated ones. The carcinogen-
ic effect can persist, even after removal of the implant.
There is a variable latent period, which ranged from
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Table 1 Foreign body-associated angiosarcomas. DOD dead of disease

Reference Age (years)/gender  Site Foreign body Latency (year) Outcome
1 Otteta.[3]] ? Lumbar vertebra Shrapnel 12 ?
2 Dubeetal. [10] 84/Male Bone (tibia) Steel plate 26 DOD 4 months
3 Walnofer et a. [37] 59/Male Aorta Plastic graft 3 ?
4 Fehrenbacher et al. [11] 79/Mae Aorta Dacron graft 12 DOD 7 months
5 Haymanetal.[13] 84/Male Chest wall Shrapnel 63 DOD 2 years
6  Moncureet a. [26] ? Aorta Dacron graft 63 ?
7  Jenningset a.[15] 79/Mae Thigh Bullet 54 DOD 3 months
8  Jenningseta. [15] 70/Female Peritoneum Sponge 20 DOD 2 months
9  Jenningsetal. [15] 64/Femae Bone (tibia) Bone wax 20 DOD 11 months
10 Beeretal.[15] 28/Male Soft tissue (knee) Bone grafta 9 ?
11  Ben-lzhak et a. [3] 70/Female Colon Sponge 25 DOD 2 months
12 Weisset d. [38] ? Aorta Dacron graft ? ?
13 Schneider et a. [33] ?Male Leg Shrapnel 46 DOD 6 weeks
14  Ben-lzhak et al. [4] 71/Mde Iliac artery Dacron graft 8 DOD 6 months
15 Meis-Kindblomet al. [25] ? lliac artery Dacron graft ? ?
16  Meis-Kindblom et a. [25] ? Popliteal bypass Dacron graft ? ?
17 Current case 67/Mae Splenic capsule Sponge 38 DOD 2 weeks

aA utologous bone graft

7 months to 30 months in previous rat experiments [29].
Some authors stress the importance of fibrous encapsula-
tion of the chemically inert implant, following the initial
granulation tissue response [15]. Free radicals generated
by reactive foreign body macrophages during the acute
stage of the foreign body reaction could damage the
DNA of surrounding stem cells, creating clonal preneo-
plastic cells [7, 23]. It is hypothesized that an abnormal
clone of mesenchymal stem cells is allowed to prolifer-
ate in the relatively quiescent microenvironment provid-
ed by the fibrous capsule, not hampered by the potent
chemical mediators and active phagocytosis accompany-
ing the more active chronic inflammation seen in re-
sponse to less inert substances[7, 15].

Further data from animal models seem to support this
hypothesis [17, 18, 36]. There isasignificant increase in
the incidence of tumors if sarcomatous cells are subcuta-
neously transplanted to mice as a suspension into the
capsules around previously implanted foreign material,
relative to transplantation into normal tissue [36]. There
appears to be a substantial reduction in tumor formation
on subcutaneously implanted porous polyethylene pieces
after surface modification with collagen immobilization
through covalent binding [17].

While the formation of a fibrous capsule surrounding
an inert foreign body might be a critical event in this par-
ticular form of tumorigenesis, it is apparent from the liter-
ature that a more active, chronic inflammatory process,
such as chronic tuberculous pyothorax, long-standing ve-
nous ulcer, or recurrent rectal ulcer, can lapse into a so-
called 'granulation tissue sarcoma [1, 9, 21]. Experimen-
tal studies with transgenic mice expressing the v-jun gene
show uncontrollable granulation tissue formation and sar-
comatous transformation in wound healing, providing a
molecular basis for this mind-boggling phenomenon [34].

Whatever the mechanism, several case reports and
limited series attest to the fact that this inert foreign body
tumorigenesis is indeed operative in humans as well [5,

6]. Sixteen cases of foreign body-associated angiosarco-
ma have been described, arising at different sites and in
relation to many different substances (Table 1). We be-
lieve that the clinical, radiological, and gross features of
the tumor described herein add to the validity of the con-
cept of a solid-state mechanism of carcinogenesis. Two
consecutive CT scans, taken with a 3-week interval, cre-
ate an intriguing “dynamic” impression of tumor progres-
sion, with spreading of the tumor along the splenic cap-
sule. Judging from the initial CT scan, this angiosarcoma
apparently originated at the lower pole of the spleen in
close topographical association with the gauze sponge.

Since most of the foreign body-associated angiosarco-
mas have been claimed to develop from the capsule sur-
rounding the implant [3, 15], this same reasoning could
be followed in the tumor under consideration, with sec-
ondary involvement of the splenic capsule by a neoplas-
tic process originating in the fibrous tissue surrounding
the gauze sponge.

In summary, we report on an epithelioid angiosarco-
ma involving the splenic capsule, thereby mimicking
mesothelioma. The close topographical association with
a gauze sponge retained for many years strongly points
to a solid-state mechanism of histogenesis, given the rar-
ity of malignant vascular tumors of the serosal mem-
branes. This case report reemphasizes the importance of
histological examination of all foreign body-related tis-
sue upon removal.

References

1. Aozasa K, Naka N, Tomita Y, Ohsawa M, Kanno H, Uchida
A, Ono K (1994) Angiosarcoma developing from chronic pyo-
thorax. Mod Pathol 7:906-111

2. Bates RR, Klein M (1966) Importance of a smooth surface in
carcinogenesis by plastic film. J Natl Cancer Inst 37:145-151

3. Ben-Izhak O, Kerner H, Brenner B, Lichtig C (1992) Angio-
sarcoma of the colon developing in the capsule of a foreign
body. Am J Clin Pathol 97:416-420



10.
11

12.

13.
14.
15.

16.

17.

18.

19.

20.

21.

. Ben-lzhak O, Vlodavsky E, Ofer A, Engel A, Nitecky S,

Hoffman A (1999) Epithelioid angiosarcoma associated with a
Dacron vascular graft. Am J Surg Pathol 23:1418-1422

. Bischoff F, Bryson G (1964) Carcinogenesis trough solid state

surfaces. Prog Exp Tumor Res 5:85-133

Brand KG (1985) Foreign body induced sarcomas. In: Becker
FF, (ed) Cancer: a comprehensive treatise (vol 1). Plenum,
New York, pp 485-513

. Brand KG, Buoen LC, Johnson KH, Brand | (1975) Etiologic

factors, stages and the role of the foreign body in foreign body
tumorigenesis. areview. Cancer Res 35:279-286

. Can Z, Yilmaz S, Riza A, Apaydin El, Kuzu | (1998) Sarcoma

developing in a burn scar: case report and review of the litera-
ture. Burns 24:68—71

. Dawson EK, MclIntosh D (1971) Granulation tissue sarcoma

following long-standing varicose ulceration. J R Coll Surg
Edinb 16:88-95

Dube VE, Fisher DE (1972) Hemangioendothelioma of the leg
following metallic fixation of the tibia. Cancer 30:1260-1266
Fehrenbacher JW, Bowers W, Strate R, Pittman J (1981) An-
giosarcoma of the aorta associated with a Dacron graft. Ann
Thorac Surg 32:297-301

Gray MH, Rosenberg AE, Dickersin GR, Bhan AK (1990)
Cytokeratin expression in epithelioid vascular neoplasms.
Hum Pathol 21:212-217

Hayman J, Huygens H (1983) Angiosarcoma developing
around a foreign body. J Clin Pathol 36:515-518

Ito E. Case of malignant angiosarcoma originating in the peri-
toneal cavity. Rinsho Byori 17:153-154

Jennings TA, Peterson L, Axiotis CA, Friedlaender GE, Cooke
RA, Rosai J (1988) Angiosarcoma associated with foreign
body material. Cancer 62:2436-2444

Killion MJ, Brodovsky HS, Schawarting R (1996) Pericardial
angiosarcoma after mediastinal irradiation for seminoma. Can-
cer 78:912-917

Kinoshita Y, Kuzuhara T, Kobayashi M, lkada Y (1995) Re-
duction in tumor formation on polyethylene by collagen im-
mobilization. J Long Term Eff Med Implants 5:275-284
Kirkpatrick CJ, Alves A, Kohler H, Kriegsmann J, Bittinger
O, Williams DF, Elroy R (2000) Biomaterial-induced sarcoma:
a novel model to study preneoplastic change. Am J Pathol
156:1455-1467

Koss M, Travis W, Moran C, Hochholzer L (1992) Pseudome-
sotheliomatous adenocarcinoma: a reappraisal. Semin Diagn
Pathol 9:117-123

Lin BTY, Colby T, Gown AM, Hammar SP, Mertens RB,
Churg A, Battifora H (1996) Malignant vascular tumors of the
serous membranes mimicking mesothelioma. Am J Surg Pa-
thol 20:1431-1439

Lo YM, Gillett MB, Vina M, Collin J, Fleming KA (1989)
Hemangiosarcoma of the rectum after chronic anorectal ulcer-
ation. J Clin Gastroenterol 11:77-81

22.

23.

24.

25.

26.

27.
28.

29.

30.

31
32.

33.

34.

35.

36.

37.
38.

403

Majno G, Joris | (1996) Physical causes of tumors. In:
Majno G, Joris |, (eds) Cells, tissues, and disease: principles of
general  pathology. Blackwell Science, Massachusetts,
pp 830836

Majno G, Joris | (1996) The puzzle of plastic sheet sarcomas
(solid state carcinogenesis). In: Mano G, Joris | (eds). Cells,
tissues and disease: principles of general pathology. Blackwell
Science, Massachusetts, pp 835-836

McCaughey WTE, Dardick I, Barr JR (1983) Angiosarcoma
of serous membranes. Arch Pathol Lab Med 107:304-307
Meis-Kindblom JM, Kindblom LG (1998) Angiosarcoma
of soft tissue: a study of 80 cases. Am J Surg Pathol 22:
683-697

Moncure AC, Mark EJ (1987) Case records of the Massachu-
setts General Hospital. Case 17-1987 New Engl J Med
316:1083

Nishimoto S, Matsushita T, Matsumolo K, Adachi S (1996) A
rare case of burn scar malignancy. Burns 22:497-499
Oppenheimer BS, Oppenheimer ET, Stout AP (1948) Sarco-
mas induced in rats by implanting cellophane. Proc Soc Exp
Biol Med 67:33-34

Oppenheimer BS, Oppenheimer ET, Stout AP, Willhite M,
Danishefsky | (1958) The latent period in carcinogenesis by
plastics in rats and its relation to the presarcomatous stage.
Cancer 11:204-213

Orosz Z, Nagy P, Szentirmay Z, Zalatnai A, Hauser P (1999)
Epithelial mesothelioma with deciduoid features. Virchows
Arch 434:263-66

Ott G (1970) Fremdkorpersarkoma. Exp Med Path Klinik,
Band 32, Springer, Berlin Heidelberg New York

Rauth AM (1987) Radiation carcinogenesis. In: Tannock IF,
Hill RP (eds) The basic science of oncology. Pergamon Press,
New York, pp 106-124

Schneider T, Renney J, Hayman J (1997) Angiosarcoma oc-
curring with chronic osteomyelitis and residual foreign materi-
al: case report of a late World War 11 wound complication.
Aust N Z J Surg 67:576-578

Schuh AC, Keating SJ, Monteclaro FS, Vogt PK, Breitman
ML (1990) Obligatory wounding requirement for tumorigene-
sisin v-jun transgenic mice. Nature 346:756—760

Terada T, Nakanuma Y, Matsubara T, Suematsu T (1988) An
autopsy case of primary angiosarcoma of the pericardium
mimicking malignant mesothelioma. Acta Pathol Jpon 38:
1345-1351

Vasiliev JuM, Moizhess TG (1982) Tumorigenicity of sarcoma
cells is enhanced by the local environment of implanted for-
eign body. Int J Cancer 30:525-529

Wallnofer H, Zinnagl N (1977) Haemangiosarkome nach
Polyvinylchloridexposition. Med Klin 72:410-413

Weiss WM, Riles TS, Gouge TH, Mizrahi HH (1991) Angio-
sarcoma at the site of a Dacron vascular prosthesis. a case re-
port and literature review. J Vasc Surg 14:87-91



