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Statement of Dr. Jerrold M. Ward Concerning the Carcinogeiicity of
Ethylene Oxide in Rats

I have reviewed reports of the NIOSH and Bushy Run lnhaiation carcinogenesis
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(Brit. J. Cancer, Volume 46, pages 924-933, 1982) on the chronic intragastric
administration of ethylene oxide in rats. Also, I reviewed selected

micrpceans clidag af +he mararcsloze ~217 1=“y:,:,¢ snd mmmadb ATl ama Tw

rats of tne Bushy Run study on Januarv 238. 1981,

It is my opinion that the 3 bioassays provide significant evidence for the
carcinogenicity of ethylene oxide. In the Bushy Run Study, the increased
inrid@anQ of mononucliear 211 lovbor'a in fFomalo and maln r1+r marn+hn71nmj
exposure to ethylene oxide. In the NIOSH studv the 1ncidence of leukemia
was not reiated to ethylene oxide exposure as presented in the report's
table. My conclusion regarding the poss1b?e increase in incidence of
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Increasea in rats exposed to etny‘ene ox1de mn the NIOSH study, In the

- Sunnaltery siludy, _uuj,cnc Uxide induted a ose-cepencent inciaence of
squamous cell carcinomas of the stomach.
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hief, Tumor Patho]ogy and Pathogenesis Section
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National Cancer Institute
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thologist), Division of Research and hwnitoriny, Radiation
Progr

ams, Environmental Protection Agency, Rockville, MD

1974 Supervisory Veterinary Medical Officer (Veterinary
Pathologist), Carcinogen Metabolism and Toxicology Branch,
Carcinogenesis, Division of Cancer Cause and Prevention,

(DCCP), National Cancer Institute (NCI), National Institutes
nf Health (NIH), Bethegda, MD

197 Supervisory Veterinary Medical Officer (Veterinary
Pathologist), Laboratory of Toxicology, Division of Cancer
Treatment, NCT, NIH, Bethesda, MD

Tumor Patho]ogy Branch, Carc1nogenes1s Test1ng Program,
Nivicinn nf Canrer Pauca and Dravantian  MCT MTU “Bathecds

MD

Acting Chief, Tumor Pathology Branch, Carcinogenesis
Testing Program, DCCP, NCI, NIH, Bethesda, MD

Frogran Leader, Turior rathoiogy, Nationai Toxicology Program,
NCI, NIH, Bethesda, MD

1981 Chief, Tumor Pathology, National Toxicology Program,
NC1, NIH, Bethecda, MD

Chief, Tumor Pathology and Pathogenesis Section,
Laboratory of Comparative Carcinogenesis, DCCP, NCI,
MD
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Teaching Experience

1968 - 1970 Graduate Assistant, Department of Veterinary Pathology,
School of Veter.nary Medicine
University of California-Davis

1975 - 1980 Faculty, Foundation for Advanced Education in the Sciences,
Comparative Pathology Course

1978 - 1980 The Center for Professional Advancement, Carcinogenesis/
Mutrgenesis Course
East Brunswick, New Jersey

i3y Lecturer, oepariment OF Fathiligy, UnaTormed Seryices
Dmiysmgity oFf the Uazlhb Coiz--2g Retkecdz, Maryland

1981 - Lecturer, Pathology of Tumors of Rats, Armed Forces
Institute ot Pathologv Lourse on ratnology oOF LdoOralury
‘\KIIII‘HL‘J’ l‘udll-.\s.a:, -

1381 - 1982 Adjun t Assoc7aue Professor of Pathe ‘ogy, The George
nublnugoun SRS e :utJ Sencet o of Medicine and Mealth
Toizmozg, Maghinsta- DO

1504 Facuily, LoGoorine ATSLopatniilg, of Latiratiny Animals
Seminair, International LiTe Sciences Institute and
Institute of Experimental Pathology, Hannover Medical
School, Hannover, West Germany

1982 Faculty, Neoplastic and Nonneoplastic Lesions in Mice,
Intox Laboratories, Arlington, Virginia, June, 1982

1ee3 Faculty, Endocrine Histopatholoqy Seminar, Nara Medical
University and International Life Sciences Institute,
Nara, Japan

1983 Faculty, Endocrine Histopatholnqy Seminar, Harvard

Medical School and International Life Sciences
Tnstitute. Poston. Massachusetts

Prnforeinnal nrgani7afion<

Diplomate, American College of Veterinary Pathologists
American Veterinary Medical Association
International Academy of Pathology

American Association for Cancer Research
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Service an Boards or Committees

1975 - 1981
1376 - 1978

1978

Editorial Board, VETERINARY PATHOLORY

Chairman and Organizer, Viral Specialty Group,
American College of Veterinary Pathologists

Member, Education Committee - Carcinogenesis, American
college or Veterinary Pathologists

(to-Chairman, Lnftectious uUisease Speciality Group, American
Coilleae ot Veterinarv Pathnloaists

Editorial Board, PATHOLOGY OF LABORATORY ANIMALS
(International Life Sciences Institute)




Professional Advisory and Consultant Activities

Member, Discussion Group-Criteria for Tumor Diagnosis ana Ciassification of
Malignancy. Conference on Carcinogenesis Testing in the DJevelopment of
New Drugs, May 23-25, 1973, Washington, DC, National Academy of Sciences.

Member, FDA, FD&C Red No. 40 Second Interim Working Group, December, 1977-
19871,

Foneuléant and Dypart Witnoce FDA Hparing an Denial of Petition for
Listing of FD&C Red No. 4 for Use in Marisnhino Cherries ana Ingested
Drugs, April 12, 1978, Rockville, Maryland.
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Force on Cancer and Heart and Lung Disease, Environmental Protection
Agency, 1978.

Lo . - \ . . - . .
YRR Y P a e mnm il e AAgiammey Danen  Maediamal Tameam Sam Tayeantoase st
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Administration, 1Q78-10R7,

Member, Working Group on Evaluation of Carcinogenic Risk of Chemicals to
Man, International Agency for Research in Cancer, Lyon, France, February
10-17, 1981.

Consultant and Expert Witness, FDA Hearing on Proposal to Withdraw Approval

o7 fTartain Mew Animal Drug Applications: Furazolidone {;7=150;, i37l-

Alternate Member, TSCA Interagency Testing Committee, 198i-

Consultant, Carcinogen Identification and Risk Assessment Branch, Occupational,

Safety and Health Administration, Dept. of Labor, Washington, D.C.,
1979-1981

Expert Witness, State of California, Department of Health, OQSHA, Sacramento,

California, November 12, 1981, Hearing on Standards for Occupational Exposure
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Consultant, Chemical Pathology Branch, National Toxicology Program, National
Institute of Environmental Health Sciences, Research Triangle Park, North
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Invited L_ctures and Seminars

Animal Medical Center, New York, N.Y., "Feline Infectious Peritonitis,"
July, 1968.

Armed Forces Institute of Pathology, Washington, D.C., Pathology of
Laboratory Animals Course, "Diseases of the Cat," September, 1977.

RES LAl VoL Iege del. Falnoiugr . ANNUal Meeting, Lhicago, 1itinots,
“nepatic Lesions lhauceda by Azcaynmetlhane,’ Uecembder, iSia.

New York State Veterinary College, Cornell University, Ithdca, N.Y.,
“Feline Infectious Peritonitis." April 1975.

Washington State University Coliege of Veterinary Medicine, Pulliman,
wasaington, ‘retrine Inirectious reritonitis, oOecemper, 1975,
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Course, “Model Studies into the Et1oloqy nd Pathogensis of Naturally-
yccurring cancer,” May, 1976.

Armed rorces institute of Patnotogy, wasnington, D.C., Patnology of
Laboratory Animals Course, “Viral Diseases of Cats," September, 1976.

American College of Vet. Pathologists' Annual Meeting on Inflammation,
Miama, Florida, "Feline Infectious Peritonitis: A Coronavirus Infection
of Macrophages," December, 1976.

NiH, Bethesda, Maryland, "Effects of Cellulose on the Chemical Induction
of Cancers in the Small and Large Bowel in Rats,” Role of Dietary Fiber
in Health, March 23-30, 1977.

Johns Hopkins School of Medicine, Division of Comparative Medicine, "Viral
Diseases of Nude Mice," May 20, 1977.

NCI-NCTR Pathology HWorkshop, Little Rock, Arkansas, "Statistical Analysis
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National Center for Toxicological Research, Little Rock, Arkansas, “"Pre-
neoplastic lesions in Aging F344 Rats," August 30, 1573.

University of California, Department of Biochemistry, Berkeley, "Carcino-
genesis Bioassays of 200 Environmental Chemicals," October 12, 1978.

Mid-Atlantic Veterinary Pathology Colloquy, "Implications of the Toxic
Substances Control Act and Environmental Pathology for the Veterinary
Pathologist," October 18, 1978.




National Institutes of Health Animal Model Seminar Series, Bethesc.,
Maryland, "Animal Models of Colon Cancer." February, 1979.

Nationai Institutes of Health, Bethesda, Maryland, "The Mouse Liver Tumor
as an Endpoint in Carcinogenesis Tests," June, 1979.
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Amarican Health Foundation, Yalhallz, Mew VYork, "The Mouge Liyvas Tomen
an tEndpoint in Carcinogenesis Tests," February 12, 1980.
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of the Mouse Liver Tumor in Rodent Carcinoge

University of Maryland School of Medicine, Department of Pathology
Baltimore, Maryland, "Toxicity and Carcinogenesis," January 22, 19.i.

The George Washington University School of Medicine and Health Sciences,
Department of Pathology, Washington, D.C., "Lesions Produced in Rodents
by Environmental Toxins," January 26, 1981.

university of lurich, Institute of Pathology, Zurich, Switzeriand,
“Pathology of the Aging F344 Rat," February 18, 1981.

University of Zurich, Institute of Toxicolegy, Schwerzenbach, Swit.~rland
“The Mouse Liver Tumor as an Endpoint in Carcinogenesis Tests." Fe:-uarv
18, 19381,

’

NCIR Rodent Lymphoma Workshop, Jefferson, Arkansas, "A Classificat on of
Reactive I acinne nf Rndant | vmnh Nndec % Mar~rh & 1097

NTP-NIEHS, Research Triangle Park, North Carolina, "Response of Rodent

Liver to Toxins and Carcinogens from a Pathologist's Viewpoint.," March
12 1a@n
12, 109y,
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The Johns Hopkins Medical School, Dept. of Coumparative Medicine,

"Interpretation of Rodent Carcinocenicitv 3ioa

ssavs," Mav 15, 1921,

Armed Forces Institute of Pathology, Washinuton, D.C., "Pathology of
Tumors of Rats,” in Course on Patholoay of iLaboratory Animals. Auaust 12.

1981.

Hannover Medical Scheel, Institute of Experimental Pathelaogy
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Boehringer Ingelheim KG, Dept. of Pathology an
Liver Tumor as An Endpoint in Carcinogenessis
germany, september 7, i¢3i.
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Boston, Mass., “Comparat1ve Tumof Patholoay and Eva]uat1on of Rodent

Carcinogenes1s Jests," Qctober 23, 1981,

- - -~ - . -

B G e e S - N A - [
Id Y T 3 3

B R R e -

Variatiane in Tnmnr anjAnnrnc n¥f Pnn+pn1 ﬂn4m31g‘ Mayamher £ 1007

R S N T - - Lt . e
[ TV S BT ¥y uulluau U AUAlwulugJ, M gLy
D,LLA1--, -,A TL- 9-¢L.1-_:-Ll, n-,&,_; PR

- Jd . L AR - - B Y S T R )
mmcde W 1 W u-_; A P Demm ! Mo iambam O
E-TAPRS < wire M Hiie se - SR Y 1w 3 TS -y

The Chentical Industry Institute of Tuxicoioyy
"Morphology of Liver Tumor in Mice: A Compar
the Fourth CIIT Conference on Toxicology - Cu
Liver Neoplasia, December 3-4, 1981.

Boston University, School of Medicine, Boston,
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15, Fabruary 24-25, 1982.

Cornell University, NYS College of Veterinary Medicine, Department of

Pathology, Ithaca, New York, "Pathology and Bi
Rats", May 10-11, 1982,

American Colleqe of Veterinarv Patholagiste *
"Adrenal Lesions in Mice", November 10, 1981.
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Formaldehjde Ins+1+u._, "Skin Initiation/Promotinon Study with Formaldehyde
in Sencar mice", In Formaldehyde Toxicolo;y-1982 Update, Washington, D.C,

Novenber 3, 19&2

National Toxicology Program, "Large Granular Lymphocyte Leukemia in Rats",
Pathology Round Table, Research Triangle Park, North Carolina,

Movember 22-22, 1982,




National Cancer Institute, Laboratory of Pathology, Division of Cancer I
Biology and Diagnosis, Bethesda, Maryland, "Immunohistochemical localization

of the large granular lymphocyte, the effector cell of NK activity, in

health and disease of the rat. December 1. 1982.

Nara Medical University, First Department of Pathology, Nara, Japan,
"Imnunoperoxidase Localization of the Large Granular Lymphocyte in Rats
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Nagoya City University Medical School, First Department of Pathology, Nagoya,
Japan, "Initiation-Fromotion Studies of Mouse iver Tumors", April 25, 1983.

Ni1ppon Medical School, Departments of Surgery and Pathology, Tokyo, Japan,

"Immunoperoxidase Locaiization of tne Large Granular Lymphocyte in Rats”,
Aempms ')C 1082
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National Institute of Hygienic Sciences. Department of Chemical Patholoav.
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Leukemia with Natural n111er Cell Act1v1ty in F344 Rats Apr1l 27, 1983.

vaticnal Cancer Centor Nosearch Institute, tuuL;J;, TOUR U, dapaii,
"Immunoperoxidase Locaiization of the Large Granular Lymphocyte, Tne
citector Ceil of Naturai Kiiier Ceii Activity, in Heaitn ana Disease of
the Nude Rat", Aprii 28, 1983.

Tokai University, Departmert of Pathology, Isehara, Japan, "Immunoperoxidase
Localization of the Large Granular Lymphocyte in Health and Disease of
the Rat", April 28, 1983.



Book Chaptars and Books
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Ward, J.M.: Feline Infectious Peritonitis. In Current Veterinary

Therapy Iv (R. Kirk, ed.) W.B. Saunders, Co., Philadelphia, PA.,
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Ward, J.M. and Grabin, M.: Intestinal Tumors of Mice. In
Tahmod a3md fNanatically N:‘F nad Q+raing nf lahpratory An-—w;]q
Part 1. Mcuse and Rat (P. Altman and D. Katz, eds.), Betnesda,
Maryland, FASEB, pp. 208-210, 1978S.

Ward, J.M.: Background Data and Variations in Tumor Incidence
of Control Animals. Proa. Exp. Tumor Res. 26: 241-258, 1983,

Reznik, G. and Yard, J.M.: Refinements of Rodent Pathology
Protocol and the Pathologist‘'s Contripution to Better Evaiuation
of Carcincgenesis. Prog. Exp. Tumor Res. 26: 256-291, 1983,
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Lesions in Rodents in Carc1noqenes1s tagenes s. Humana Press,
196 2.
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Ward, J.M.: Background Variations of Tumor Incidence in Rodent
Populations. In Proc. Int. Conrerence on sarety kvaluation and
Reaulation of Chemicals, 1982. .

Reznik, G. and Ward, J.M.: Adrenal Ganglioneuroma and Neuroblastoma

in Rats In Pathology of Laboratory Animals, Volume I - Endocrine
Pathology. Springer-Veriag, 1983.




ABSTRACTS & PRESENTATIONS

Bertino, J. R., Ward, J., Sertorelli, A. C., and Silber, R,: An Effect of

Ethanol on Folate Metabolism. J. Clin. Invest. 44- 107R. 1065

Sundaresan, P. R., Ward, J. M., and Deluca, L. M.: The Occurrence of VYitamin
A in Mucinous Adenocarc1noras of Rat Small Intestine. Fed. Proc. 33: 670.

[

Ward, J. M., and Habermann, R. T.: Pathology of Stomach Cancer Induced by

the: Agrwcu]tura1 Chemicals Ethy]eno Dibromide and Dibromochloroethane in
Rats. Internat. Academy Pathology, San Francisco, Calif., March. 1974,

e Patno?ogy of Cnemically Induced Colon Cancer 1in Rats.
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in Rats. Internat. Meeting, Internat Academy of Pathology, wash1n§t
UeCaey UCLODEr, 1970,

Young, 0. M., ward, J. {he, and Prieur, 0. J.: leopiasia ana Skeietal
nomeostasis: An Animai Moaetl. A1l European Symposium on Calcified
Tissues. York, tngland, July, 1976.

Young, D. M., Fioravante, J. L., Prieur, D. J., and Ward, J. M.: Hyper-
calcemia and Malignancy: The VX-Carcinoma. Fed. Proc. 35: 866, 1976

Young, D. M., Mettler, F. P., Pelham, J. F., and Yard, J. M.: Effect of
Co Q10 on Adriamycin-Induced Cardiotoxicity in the Rabbit Model. Proc.
Amer. Assoc. Cancer Res. 1977

Ward, J. M.: Clinical Chemistry and Toxicologic Pathology of Platinum

Compounds. International Symposium-Toxic Metals. Monaco, March 2-5, 1977.

Ward, J. M.: NCI Carcinogenesis Testing Program: Toxicology and Pathology.

Amerwcan C01100° of Veterinary Pathologists Aanual Mecting., Toronto,
Canada, November 17, 1977.
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for Cancer Research, 1978.

Ward, J. M.: Carcincgenicity of Hair Dye Components. Toxicology Special

Interest Group. Annual Meeting American College of Veterinary Pathologists,

November 14, 1978, San Antonio, Texas.



Ward, J. M.: The Classification of Feline Infectious Peritonitis Virus
as a Coronavirus. Viral Disease Special Interest Group. Annual Meeting
American Coliege ¢t Veterinary Pathologists. HNovember 17, 1978, San
Antonio, Texas.

Hoover, K. L., Ward, J. M., and Stinson, S. F.: Histopathology Differences
Betueen Nitrofen- Induced and Natura]]y Occurr1ng Hepatoce]]u]ar Carc1nomas
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Hyde, C. L., ¥Ward, J. M., and Poirier, L. A.: Comparative Hepatotoxicity
of Subchronic Doses of Ethionine in Mice, Rats and Hamsters. Proc.
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Raznik, G., and Yard, J. M : TIndyction nf Drarmeonlzctic and MNeonlastic
Lesions in the Kidney of Rats and Mice after Treatment with the Flame
Retardant TRIS (2,3-Dibromopropyl) phosphate. European Society of

ratnology, June, 19/Y.

Reznik, G., Ulland, B., Banas, D., Voelker, R,, Ward, J. M., Reznik-
Schu]ler, H., and St7nson S. F. Resp7ratory Tract ”eoplasns Induced
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1254 of Gastric Lesions in the Glandular Stomachs of 334 Rats. Tfoste,
Session. Am. Assoc. Cancer Res., May 28, 1981, Washington, D.C.

Ward, J. M., and Reznik, G.: Non-hematopoietic Sex-Dependent Sarcomas

of the Spleen Induced by 6 Aromatic Amines or Derivatives and Their
Association with Splenic Fibrosis and Methemoglobinemia. Poster Session.
An. Assoc. Cancer Res., May 28, 1981, Washington, D.C.

Reynolds, C. W., and Ward, J. M.: Characterization of Large Granular
Lymphocyte (LGL) Tumors in the Rat. 11th Annual UCLA Symposium on B and
T Cell Tumors. February 28 - March 5, 1982, Squaw Valley, California.
J. Cellular Biochem. Suppl. 6, 1982

Ward, J. M., Reyno1ds. C. W.. Denn TIT, A. C.. Rere, F. W., lvnch, P. H,,

and Djurickovic, D.: Morphologic and Immunologic Identification of F344
Rat lenkemia as a Hofnrnnnnonn: laraga Arannlar | vmnhacvto | ankamda
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Statement of Dr. Jerrold M. Ward Concerning the Carcinogenicity of
Ethylene Oxide in Rats

I have reviewed reports of the NIOSH and Bushy Run inhalation carcinogenesis
bioassays of ethylene oxide in rats and the published paper by Dunkelberg,
(Brit. J. Cancer, Volume 46, pages 924-933, 1982) on the chronic intracastric
Gl eiGRiui UL Gldy iQiie UAITUE Lih 1GL3e  AIBU, 4 FEVIEWEU Seiecied
aicrgscope siices of the mononuciear cell leuxemias and mesoiheiiomas in

rats of the Bushy Run study on January 28, 1981.

It is my opinion that the 3 bioassays provide significant evidence for the
cinwgenicity of elhyiene oxide. In the Bushy Run Stuay, the increased
idences of mononuciear cell Teukemia in Temaie and maie rats, mesothelioma
in male rats, and brain tumors in male and female rats were associated with
exposure to ethylene oxide. In the NIOSH study, the incidence of leukemia
was not related to ethylene oxide exposure as presented in the report's

vavie. iy cunciusion regdarding the possipie increase in i1ncidence of
Touremia  bhruewers supdss €am +ha cm=l.-2- ~E AL deks T W‘.:l-'—n.-J-J

was greatest in rats exposed to ethylene oxide. Brain tumor incidence was
increased in rats exposed to ethylene oxide in the NIOSH study. In the
Dunkelberg study, ethylene oxide induced a dose-denendent incidence ¢f
squamous cell carcinomas of the stomach.
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