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Kalp ve perikard tümörleri ile kistleri relatif olarak nadir neoplasmlar olup, 
gelişmiş görüntüleme teknikleri ortaya çıkana kadar çoğunluğu postmortem 
otopsi çalışmalarında tesbit edilebilmiştir. Ekokardiografi, ince kesitli tomografi 
ve yüksek kaliteli görüntüleme imkanı sunan manyetik resonans (MRI) teknik-
lerinin gelişmesi bu tömörlerin ve kistlerin erken tanısında ve gerekli tedavinin 
uygulanmasında önemli rol oynamışlardır. Bu sayede, daha önceleri çoğunlukla 
hastaların ölümleriyle sonuçlanan bu patolojiler günümüzde tanı ve sonrasında 
cerrahi müdahaleler ile tam tedavi edilebilir aşamaya kadar gelmiştir.

Büyük data serilerinde yapılan incelemeler sonucunda primer kalp tümörle-
rinin sıklığı ortalama %0.02 olarak bulunmuştur. Otopsi serileri incelendiğinde, 
her 1 milyon otopside 200 tümör gibi çok nadir bir oran ortaya çıkmaktadır (1).

Kalp tümörlerinin %0.056’sı primer, %1.23’ü ise sekonder olarak gözlenmek-
tedir. Kalbi en sık metastaz yapan 3 malignite odağı sırasıyla akciğerler, özefagus 
ve lenfomalardır (1). Kalbin bu tarz ekstrakardiak tümörler tarafından sekonder 
tutulumu primer kalp tümörlerine göre yaklaşık 20-40 kat daha sık gözlenmek-
tedir (2).

KALP VE PERIKARDIN PRIMER TÜMÖRLERI

Otopsi serilerine bakıldığında primer kalp tümörlerinin sıklığı %0.001 ile 
%0.28 arasında değişen çok düşük oranlardadır. Tüm benign kardiak tümörler 
arasında %40 ile en yüksek oranda miksoma görülmektedir (3).
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Prenatal dönemden, normal ölüm periyodlarına kadar geçen dönemde rat-
ların GSM operatörlerinin kulelerinden yayılan radyasyonun emisyonunun 
benzeri non-iyonize radyasyona, günde 19 saat olacak şekilde, maruz bırakıl-
maları (1.8 GHz GSM, 0,5,25,50 volt/metre) sonucunda en yüksek güç uygu-
lanan gruplarda (50 volt/metre) kalp Schwannomları insidansında istatistiksel 
olarak belirgin artış saptanmıştır (108,109).

Bunun yanında cep telefonu antenlerinden salınan non-iyonizan radyasyo-
nun taklit edildiği modelde, ratlara ışınım 2 yıl uygulanmış ve bu modelde de rat 
kalplerinde Schwannom gelişimi tespit edilmiştir (110).

Schwannomla sonuçlanan non-iyonizan radyasyon uygulanan bu modeller-
de tümöral gelişmenin insidansının uygulanan non-iyonizan radyasyonun gü-
cüyle olduğu kadar yüksek spesifik absorbsiyon oranı (SAR) maruziyeti ile de 
artış gösterdiği bildirilmiştir (6W/kg, 3W/Kg, 1.5w/kg) (109).

İyonizan radyasyon kullanılarak, literatür incelendiğinde, oluşturulan kardi-
yak tümör hayvan modeli ilgili herhangi bir çalışma bulunmamaktadır. Genel-
likle iyonizan radyasyon, verildiği alan itibarıyla lokal etki yaparken, uygulama-
ya komşu organ bölgelerinde de dejeneratif etkilere yol açmaktadır. Bu etkiler 
genelde geç dönemde ortaya çıkmakta ve bazen ciddi dereceye ulaşabilmektedir 
(111,112). Genelde radyoterapileri takip eden 10 yıl ve sonrasında ortaya çıkan 
bu etkiler arasında perikardiyal kalınlaşma, perikardiyal effüzyon, perikardit, 
kapak dejenerasyonu ileti sistemi üzerinde lokal fibrotik etkisi nedeniyle ritm 
problemleri gibi patolojiler sayılabilmektedir (113-115). Bu patolojiler haricin-
de radyoterapiler sonrasında koroner vasküler alanda aterosklerotik değişiklik-
ler de rapor edilmiştir (116,117).

KAYNAKLAR

1.	 Reynen, Klaus. “Frequency of primary tumors of the heart.” The American journal of cardi-
ology 77.1 (1996): 107.

2.	 McManus B.Primary Tumours of the heart. In: Bonow RO, Mann DL, Zipes DP, Libby P, 
eds. Barunwald’s Heart Disease: A Textbook of Cardiovascular Disease 9th ed. Philedelphia, 
London: Elsevier/Saunders; 2011: 1638-1649.

3.	 McAllister HA Jr.Primary tumours of the heart and pericardium.Pathol Ann 1979;2: 325-55.
4.	 McAllister Jr, H. A. “Fenoglio JJ Jr Tumors of the cardiovascular system.” Atlas of tumour 

pathology, Fascicle 15 (1978): 1-20.
5.	 McAllister Jr, Hugh A., Robert J. Hall, and Denton A. Cooley. “Tumors of the heart and 

pericardium.” Current problems in cardiology 24.2 (1999): 59-116.
6.	 Goldberg, Henry P., et al. “Myxoma of the left atrium: diagnosis made during life with ope-

rative and postmortem findings.” Circulation 6.5 (1952): 762-767.
7.	 Grebenc, Mary L., et al. “From the archives of the AFIP: cardiac myxoma: imaging features 

in 83 patients.” Radiographics 22.3 (2002): 673-689.
8.	 Lamba, Gurpreet, and William H. Frishman. “Cardiac and pericardial tumors.” Cardiology 

in review 20.5 (2012): 237-252.



Kardiyovasküler Araştırmalarda Deney Hayvanı Modelleri 157

9.	 Araoz, Philip A., et al. “CT and MR imaging of benign primary cardiac neoplasms with 
echocardiographic correlation.” Radiographics 20.5 (2000): 1303-1319.

10.	 Colucci, Vincenzo, et al. “Papillary fibroelastoma of the mitral valve. A rare cause of embolic 
events.” Texas Heart Institute journal 22.4 (1995): 327.

11.	 Gowda, Ramesh M., et al. “Cardiac papillary fibroelastoma: a comprehensive analysis of 725 
cases.” American heart journal 146.3 (2003): 404-410.

12.	 Klarich, Kyle W., et al. “Papillary fibroelastoma: echocardiographic characteristics for di-
agnosis and pathologic correlation.”  Journal of the American College of Cardiology 30.3 
(1997): 784-790.

13.	 Sun, Jing Ping, et al. “Clinical and echocardiographic characteristics of papillary fibroelas-
tomas: a retrospective and prospective study in 162 patients.”  Circulation  103.22 (2001): 
2687-2693.

14.	 Grinda, Jean-Michel, et al. “Cardiac valve papillary fibroelastoma: surgical excision for re-
vealed or potential embolization.” The Journal of thoracic and cardiovascular surgery 117.1 
(1999): 106-110.

15.	 Colucci, Vincenzo, et al. “Papillary fibroelastoma of the mitral valve. A rare cause of embolic 
events.” Texas Heart Institute journal 22.4 (1995): 327.

16.	 Giannesini, C., et al. “Cardiac Papillary Fibroelastoma: A Rare Cause of Isch emic Stroke in 
the Young.” Cerebrovascular Diseases 9.1 (1999): 45-49.

17.	 Ni, Yi-ming, et al. “Cardiac papillary fibroelastoma.” The Thoracic and cardiovascular sur-
geon 44.05 (1996): 257-260.

18.	 Shahian, David M., Sherif B. Labib, and Greg Chang. “Cardiac papillary fibroelastoma.” The 
Annals of thoracic surgery 59.2 (1995): 538-541.

19.	 Cooley, Denton A. “Surgical treatment of cardiac neoplasms: 32-year experience.” The Tho-
racic and cardiovascular surgeon 38.S 2 (1990): 176-182.

20.	 Bosi, G., et al. “The natural history of cardiac rhabdomyoma with and without tuberous 
sclerosis.” Acta Paediatrica 85.8 (1996): 928-931.

21.	 Smythe, John F., et al. “Natural history of cardiac rhabdomyoma in infancy and childho-
od.” The American journal of cardiology 66.17 (1990): 1247-1249.

22.	 Becker, Anton E. “Primary heart tumors in the pediatric age group: a review of salient pat-
hologic features relevant for clinicians.” Pediatric cardiology 21.4 (2000): 317-323.

23.	 Jóźwiak, S., et al. “Cardiac tumours in tuberous sclerosis: their incidence and course.” Euro-
pean journal of pediatrics 153.3 (1994): 155-157.

24.	 ElBardissi, Andrew W., et al. “Analysis of benign ventricular tumors: long-term outcome 
after resection.” The Journal of thoracic and cardiovascular surgery 135.5 (2008): 1061-1068.

25.	 Valente, Marialuisa, et al. “Cardiac fibroma and heart transplantation.” The Journal of thora-
cic and cardiovascular surgery 106.6 (1993): 1208-1212.

26.	 Bapat, V. N., et al. “Right-ventricular fibroma presenting as tricuspid stenosis-a case re-
port.” The Thoracic and cardiovascular surgeon 44.03 (1996): 152-154.

27.	 Burke, Allen P., et al. “Cardiac fibroma: clinicopathologic correlates and surgical treat-
ment.” The Journal of Thoracic and Cardiovascular Surgery 108.5 (1994): 862-870.

28.	 Brabham, Katrina R., and William C. Roberts. “Cardiac-compressing intrapericardial tera-
toma at birth.” The American journal of cardiology 63.5 (1989): 386-387.

29.	 Agozzino, Lucio, et al. “Intrapericardial teratoma in the newborn.” International journal of 
cardiology 5.1 (1984): 21-28.

30.	 Campagne, G., et al. “Benign intracardiac teratoma detected prenatally. Case report and 
review of the literature.” European Journal of Obstetrics & Gynecology and Reproductive 
Biology 80.1 (1998): 105-108.

31.	 Paw, Patrick T., and Stuart W. Jamieson. “Surgical management of intrapericardial teratoma 
diagnosed in utero.” The Annals of thoracic surgery 64.2 (1997): 552-554.

32.	 Tollens, Tim, et al. “Fetal cardiac tamponade due to an intrapericardial teratoma.” The An-
nals of thoracic surgery 66.2 (1998): 559-560.



Kardiyovasküler Araştırmalarda Deney Hayvanı Modelleri158

33.	 Riskin‐Mashiah, Shlomit, et al. “In utero diagnosis of intrapericardial teratoma: a case for in 
utero open fetal surgery.” Prenatal Diagnosis: Published in Affiliation With the International 
Society for Prenatal Diagnosis 18.12 (1998): 1328-1330.

34.	 Benvenuti, Luiz Alberto, et al. “Primary lipomatous tumors of the cardiac valves.” Southern 
medical journal 89.10 (1996): 1018-1020.

35.	 Hananouchi, Glenn I., and Walter B. Goff II. “Cardiac lipoma: six-year follow-up with MRI 
characteristics, and a review of the literature.” Magnetic resonance imaging 8.6 (1990): 825-
828.

36.	 Caralps, Josep M., et al. “Mitral valve repair after excision of a fibrolipoma.” The Annals of 
thoracic surgery 66.5 (1998): 1808-1809.

37.	 Basu, S., et al. “Lipomatous hypertrophy of the interatrial septum.”  Cardiovascular Sur-
gery 2.2 (1994): 229-231.

38.	 Lipomatous hypertrophy of the interatrial septum: indication for surgery?, European Jour-
nal of Cardio-Thoracic Surgery, Volume 11, Issue 4, April 1997, Pages 785–787.

39.	 Garson, Arthur, et al. “Incessant ventricular tachycardia in infants: myocardial hamartomas 
and surgical cure.” Journal of the American College of Cardiology 10.3 (1987): 619-626.

40.	 Moorjani, N., J. Kuo, and D. Wilkins. “Left atrial phaeochromocytoma.” Heart 90.11 (2004): 
e64-e64.

41.	 Cohen PS, Israel MA. Biology and treatment of thoracic tumours of neural crest origin. 
In: Roth JA, Ruckdeschel JC, Weisenburger TH, eds. Toracic Oncology. Philedelphia , PA: 
Saunders; 1989: 52-540.

42.	 Jeevanandam, Valluvan, et al. “Surgical management of cardiac pheochromocytoma. Resec-
tion versus transplantation.” Annals of surgery 221.4 (1995): 415.

43.	 Naramoto, Atsuhiko, et al. “An autopsy case of tuberous sclerosis associated with primary 
pericardial mesothelioma.” Pathology International 39.6 (1989): 400-406.

44.	 Kaul, T. K., B. L. Fields, and D. R. Kahn. “Primary malignant pericardial mesothelioma: a 
case report and review.” The Journal of cardiovascular surgery 35.3 (1994): 261-267.

45.	 Thomason, Ronald, et al. “Primary malignant mesothelioma of the pericardium. Case re-
port and literature review.” Texas Heart Institute Journal 21.2 (1994): 170.

46.	 Ohmori, Takaaki, et al. “Pericardial malignant mesothelioma: case report and discussion 
of immunohistochemical and histochemical findings.” Pathology international 45.8 (1995): 
622-625.

47.	 Vigneswaran, Wickii Thambiah, and Paul Robert Stefanacci. “Pericardial mesothelio-
ma.” Current treatment options in oncology 1.4 (2000): 299-302.

48.	 Vander Salm, Thomas J. “Unusual primary tumors of the heart.” Seminars in thoracic and 
cardiovascular surgery. Vol. 12. No. 2. Elsevier, 2000.

49.	 Burke, Allen P., David Cowan, and Renu Virmani. “Primary sarcomas of the heart.” Can-
cer 69.2 (1992): 387-395.

50.	 Gall, Le. “Primary cardiac sarcomas: an immunohistochemical and grading study with 
long‐term follow‐up of 24 cases.” Histopathology 34.4 (1999): 295-304.

51.	 Simpson, Lijo, et al. “Malignant primary cardiac tumors: review of a single institution 
experience.”  Cancer: Interdisciplinary International Journal of the American Cancer So-
ciety 112.11 (2008): 2440-2446.

52.	 Zhang, Paul J., et al. “Primary cardiac sarcomas: a clinicopathologic analysis of a series with 
follow-up information in 17 patients and emphasis on long-term survival.” Human patho-
logy 39.9 (2008): 1385-1395.

53.	 Kumar, Sanjay, et al. “Metastatic left atrial synovial sarcoma mimicking a myxoma.” J Thorac 
Cardiovasc Surg 128.5 (2004): 756-758.

54.	 Raaf, Heather N., and John H. Raaf. “Sarcomas related to the heart and vasculature.” Semi-
nars in surgical oncology. Vol. 10. No. 5. New York: John Wiley & Sons, Inc., 1994.

55.	 Putnam, Joe B., et al. “Primary cardiac sarcomas.”  The Annals of thoracic surgery  51.6 
(1991): 906-910.



Kardiyovasküler Araştırmalarda Deney Hayvanı Modelleri 159

56.	 Reynen, K., U. Köckeritz, and R. H. Strasser. “Metastases to the heart.” Annals of Onco-
logy 15.3 (2004): 375-381.

57.	 Silvestri, Furio, et al. “Metastases of the heart and pericardium.” Giornale italiano di cardio-
logia 27.12 (1997): 1252-1255.

58.	 Brinster, Ralph L., and Richard D. Palmiter. “Introduction of genes into the germ line of 
animals.” Harvey lectures 80 (1986): 1.

59.	 Cory, Suzanne, and Jerry M. Adams. “Transgenic mice and oncogenesis.” Annual review of 
immunology 6.1 (1988): 25-48.

60.	 Gordon, Jon W., Gordon JW, and Ruddle FH. “Gene transfer into mouse embryos: produc-
tion of transgenic mice by pronuclear injection.” (1983).

61.	 Hogan, Brigid, Frank Costantini, and Elizabeth Lacy. “Manipulating the mouse embryo: a 
laboratory manual.” (1986): 92-97.

62.	 Palmiter, Richard D., and Ralph L. Brinster. “Germ-line transformation of mice.” Annual 
review of genetics 20.1 (1986): 465-499.

63.	 Steinhelper, Mark E., and Loren J. Field. “Cardiac tumors and dysrhythmias in transgenic 
mice.” Toxicologic pathology 18.4a (1990): 464-469.

64.	 Köbbert, Christiane, et al. “Transgenic model of cardiac rhabdomyosarcoma formati-
on.” The Journal of thoracic and cardiovascular surgery 136.5 (2008): 1178-1186.

65.	 Haas, H., J. Hilfrich, and U. Mohr. “Induction of heart tumours in Wistar rats after a single 
application of ethylmethanesulphonate and dimethylnitrosamine.” Zeitschrift für Krebsfor-
schung und Klinische Onkologie 81.3 (1974): 225-228.

66.	 Shioda, Toshihiro, Martin H. Fenner, and Kurt J. Isselbacher. “Experimental animal model 
of hematogenous cardiac metastasis and neoplastic cardiac tamponade.” Journal of surgical 
oncology 64.2 (1997): 122-126.

67.	 Hoch-Ligeti, Cornelia, et al. “Endocardial tumors in rats exposed to durable fibrous materi-
als.” Journal of the National Cancer Institute 71.5 (1983): 1067-1071.

68.	 Field, Loren J. “Atrial natriuretic factor-SV40 T antigen transgenes produce tumors and car-
diac arrhythmias in mice.” Science 239.4843 (1988): 1029-1033.

69.	 Zu, Youli, et al. “Chromosomal abnormalities and p53 gene mutation in a cardiac angiosar-
coma.” Applied Immunohistochemistry & Molecular Morphology 9.1 (2001): 24-28.

70.	 Naka, Norifumi, et al. “Mutations of p53 tumor‐suppressor gene in angiosarcoma.” Interna-
tional journal of cancer 71.6 (1997): 952-955.

71.	 Garcia, J. M., et al. “Mutational status of K-ras and TP53 genes in primary sarcomas of the 
heart.” British journal of cancer 82.6 (2000): 1183-1185.

72.	 Katz, E. B., et al. “Cardiomyocyte proliferation in mice expressing alpha-cardiac myosin 
heavy chain-SV40 T-antigen transgenes.” American Journal of Physiology-Heart and Circu-
latory Physiology 262.6 (1992): H1867-H1876.

73.	 De Leon, Joshua R., et al. “Cardiac and skeletal myopathy in beta myosin heavy-chain simi-
an virus 40 tsA58 transgenic mice.” Proceedings of the National Academy of Sciences 91.2 
(1994): 519-523.

74.	 Saule, Simon, et al. “Heart tumors specifically induced in young avian embryos by the v-myc 
oncogene.” Proceedings of the National Academy of Sciences 84.22 (1987): 7982-7986.

75.	 McCulloch, E. A., et al. “A Cytopathogenic Agent from a Mammary Tumour in a C 3 H 
Mouse that produces Tumours in Swiss Mice and Hamsters.” Nature 183.4674 (1959): 1535-
1536.

76.	 Axelrad, A. A., et al. “Induction of tumors in Syrian hamsters by a cytopathogenic virus 
derived from a C3H mouse mammary tumor.” Journal of the National Cancer Institute 24.5 
(1960): 1095-1111.

77.	 Gross, Ludwik. ““Spontaneous” Leukemia Developing in G3H Mice Following Inoculation, 
In Infancy, with AK-Emkemic.” Proceedings of the Society for Experimental Biology and 
Medicine 76.1 (1951): 27-32.



Kardiyovasküler Araştırmalarda Deney Hayvanı Modelleri160

78.	 Gross, Ludwik. “A filterable agent, recovered from Ak leukemic extracts, causing salivary 
gland carcinomas in C3H mice.” Proceedings of the Society for Experimental Biology and 
Medicine 83.2 (1953): 414-421.

79.	 Stewart, Sarah E. “Neoplasms in mice inoculated with cell-free extracts or filtrates of leuke-
mic mouse tissues. I. Neoplasms of the parotid and adrenal glands.” Journal of the National 
Cancer Institute 15.5 (1955): 1391-1415.

80.	 Stewart, Sarah E. “Neoplasms in mice inoculated with cell-free extracts or filtrates of leuke-
mic mouse tissues. II. Leukemia in hybrid mice produced by cell-free filtrates.” Journal of 
the National Cancer Institute 16.1 (1955): 41-53.

81.	 Eddy, Bernice E., et al. “Neoplasms in hamsters induced by mouse tumor agent passed in 
tissue culture.” Journal of the National Cancer Institute 20.4 (1958): 747-761.

82.	 Fidler, Isaiah J. “Selection of successive tumour lines for metastasis.”  Nature New Bio-
logy 242.118 (1973): 148-149.

83.	 Chambers, Ann F., Roslyn Shafir, and Victor Ling. “A model system for studying metastasis 
using the embryonic chick.” Cancer research 42.10 (1982): 4018-4025.

84.	 Ossowski, L., and E. Reich. “Antibodies to plasminogen activator inhibit human tumor me-
tastasis.” Cell 35.3 (1983): 611-619.

85.	 Tsuchiya, Yuri, et al. “Tissue inhibitor of metalloproteinase 1 is a negative regulator of the 
metastatic ability of a human gastric cancer cell line, KKLS, in the chick embryo.” Cancer 
research 53.6 (1993): 1397-1402.

86.	 Brooks, Peter C., et al. “Subtractive immunization yields monoclonal antibodies that speci-
fically inhibit metastasis.” The Journal of cell biology 122.6 (1993): 1351-1359.

87.	 Mennel, H. D. “Die Morphologie der mit neurotropen Karzinogenen erzeugten Herztumo-
ren bei Ratten.” Beitr Pathol 144 (1971): 221-230.

88.	 Schreiber, D., et al. “Induktion von Herztumoren bei Ratten durch Methylnitrosoharns-
toff.” Zbl. allg. Path. path. Anat. 115 (1972): 31-39.

89.	 Vesselinovitch, S. D., and N. Mihailovich. “The induction of benign and malignant liver 
tumors by urethan in newborn rats.” Cancer research 28.5 (1968): 881-887.

90.	 Vesselinovitch, S. D., and N. Mihailovich. “The development of neurogenic neoplasms, 
embryonal kidney tumors, Harderian gland adenomas, Anitschkow cell sarcomas of the 
heart, and other neoplasms in urethan-treated newborn rats.” Cancer research 28.5 (1968): 
888-897.

91.	 Schreiber, D., H. Gerlach, and H. Wessel. “Experimental heart tumours in rats (author’s 
transl).” Archiv fur Geschwulstforschung 46.3 (1976): 169-175.

92.	 Druckrey, H., B. Schagen, and S. Ivankovic. “Erzeugung neurogener Malignome durch 
einmalige Gabe von Äthyl-nitrosoharnstoff (ÄNH) an neugeborene und junge BD IX-Rat-
ten.” Zeitschrift für Krebsforschung 74.2 (1970): 141-161.

93.	 Berman, J. J., J. M. Rice, and R. Reddick. “Endocardial schwannomas in rats. Their chara-
cterization by light and electron microscopy.” Archives of pathology & laboratory medici-
ne 104.4 (1980): 187-191.

94.	 Haas, H., J. Hilfrich, and U. Mohr. “Induction of heart tumours in Wistar rats after a single 
application of ethylmethanesulphonate and dimethylnitrosamine.” Zeitschrift für Krebsfor-
schung und Klinische Onkologie 81.3 (1974): 225-228.

95.	 Druckrey, H., and Ch Landschütz. “Transplacental and neonatal carcinogenesis by ethylnit-
rosobiuret (ENBU) in BD IX-rats.” Zeitschrift fur Krebsforschung und klinische Onkologie. 
Cancer research and clinical oncology 76.1 (1971): 45.

96.	 Mennel, H. D. “Die Morphologie der mit neurotropen Karzinogenen erzeugten Herztumo-
ren bei Ratten.” Beitr Pathol 144 (1971): 221-230.

97.	 Ivankovic, S., et al. “Induction of heart tumors in BD-rats by continuous oral administration 
of the carcinogen 1-pyridyl-3, 3-diethyl-triazene (PDET).” Zeitschrift fur Krebsforschung 
und klinische Onkologie. Cancer research and clinical oncology 77.3 (1972): 217.



Kardiyovasküler Araştırmalarda Deney Hayvanı Modelleri 161

98.	 Habs, M., D. Schmähl, and H. Kretzer. “Effect of disulfiram on acetoxymethyl-methyl-nit-
rosamine-induced tumors in rats.” Oncology 38.1 (1981): 18-22.

99.	 Othmer, Kirk. “Encyclopedia of Chemical Technology, 3-ed, vol. 4.” (1979, pp.313-337).
100.	National Toxicology Program. “NTP Toxicology and Carcinogenesis Studies of 1, 3-Buta-

diene (CAS No. 106-99-0) in B6C3F1 Mice (Inhalation Studies).” National Toxicology Prog-
ram technical report series 288 (1984): 1.

101.	Huff, J. E., et al. “Multiple organ carcinogenicity of 1, 3-butadiene in B6C3F1 mice after 60 
weeks of inhalation exposure.” Science 227.4686 (1985): 548-549.

102.	Maltoni, Cesare, and Giuseppe Lefemine. “Carcinogenicity bioassays of vinyl chloride: cur-
rent results.” Annals of the New York Academy of Sciences 246.1 (1975): 195-218.

103.	Rabson, Alan S., William J. Branigan, and Frances Y. Legallais. “Production of tumours in 
Rattus (Mastomys) natalensis by polyoma virus.” Nature 187.4735 (1960): 423-425.

104.	Stanton, Mearl F., and Constance Wrench. “Mechanisms of mesothelioma induction with 
asbestos and fibrous glass.” Journal of the National Cancer Institute 48.3 (1972): 797-821.

105.	Hoch-Ligeti, Cornelia, et al. “Endocardial tumors in rats exposed to durable fibrous materi-
als.” Journal of the National Cancer Institute 71.5 (1983): 1067-1071.

106.	Boorman, G. A., et al. “Naturally occurring endocardial disease in the rat.” Archives of Pat-
hology, 96, 39-46 (1973).

107.	Hoch-Ligeti, Cornelia, Paul N. Harris, and Harold L. Stewart. “Endocardial tumors induced 
by carbamate or fluorenylacetamide derivatives in rats.” Journal of the National Cancer Ins-
titute 71.1 (1983): 211-216.

108.	Smith, Joyce. “Mobile Phone Use and Brain and Heart Tumor Incidence in Rats.”
109.	Falcioni, L., et al. “Report of final results regarding brain and heart tumors in Sprague-Daw-

ley rats exposed from prenatal life until natural death to mobile phone radiofrequency field 
representative of a 1.8 GHz GSM base station environmental emission.” Environmental re-
search 165 (2018): 496-503.

110.	Smith‐Roe, Stephanie L., et al. “Evaluation of the genotoxicity of cell phone radiofrequency 
radiation in male and female rats and mice following subchronic exposure.” Environmental 
and molecular mutagenesis 61.2 (2020): 276-290.

111.	Adams, M. Jacob, et al. “Cardiovascular status in long-term survivors of Hodgkin’s disease 
treated with chest radiotherapy.” Journal of clinical oncology 22.15 (2004): 3139-3148.

112.	Darby, Sarah C., et al. “Long-term mortality from heart disease and lung cancer after radi-
otherapy for early breast cancer: prospective cohort study of about 300 000 women in US 
SEER cancer registries.” The lancet oncology 6.8 (2005): 557-565.

113.	Heidenreich, Paul A., and John R. Kapoor. “Radiation induced heart disease.” Heart 95.3 
(2009): 252-258.

114.	Martinou, Maria, and Andrew Gaya. “Cardiac complications after radical radiotherapy.” Se-
minars in oncology. Vol. 40. No. 2. WB Saunders, 2013.

115.	Mill, William B., et al. “Symptomatic radiation-induced pericarditis in Hodgkin’s disea-
se.” International Journal of Radiation Oncology* Biology* Physics 10.11 (1984): 2061-2065.

116.	Brosius III, Frank C., Bruce F. Waller, and William C. Roberts. “Radiation heart disease: 
analysis of 16 young (aged 15 to 33 years) necropsy patients who received over 3,500 rads to 
the heart.” The American journal of medicine 70.3 (1981): 519-530.

117.	Russell, Nicola S., et al. “Novel insights into pathological changes in muscular arteries of 
radiotherapy patients.” Radiotherapy and Oncology 92.3 (2009): 477-483.


