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ABSTRACT

An intemational ad hoc Working Group of axperis in cancer
research mot st the Internatione! Agency for Ressarch on
Cancer (IARC) in January 1978 10 evaluate the data on human
ard experimental animal carcinogenicity for %4 chemicats,
groups of chemicals, and industrial processes. Monographs
for these chemicals were publishad in Vols. 110 20 of the IARC
Monographs on the Evalustion of the Carcinogenic Risk of
Chiemicals to Humans. Based on svidence from human studies,
18 of the 54 chemicals or industrial prooesses are human
carcinogens. A further 18 chemicals are probably carcinogenic
for humans, alihough the data were considered not adequate
to astablish a causal association. To rellect differing degrees
of avidence of carcinogenicity within this group, the chemicals
were further subdivided, with 6 chemicala exhibiting a high
degree of evidence and 12 chemicals exhibiting a lower de-
gree. Data on the remaining 18 chemicals were considered
insufficien| to sflow any evaluation of carcinogenicity. The
report summarizes the background, purpose, and overali con-
clusions of the Working Group. The evidence supporting the
esvaluations is given in the "Appendix.”

IMTRUDUCTION

in 1971 the kﬁmﬁma1 Agency for Research on Cencer
QARC) hogan a proaram to prepare monographs on the eval-

uation ot the carcitogenic risk of chuinlcals to humans {1). The

 The program is supparted i part by Nations! Cancer inetitute Contract NOY
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University of Southern Lalorais Medicat School, LNAHOMM) R. Preuss-
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objectives of the Monographs Program are to examine criticafly

the data refating to carcinogenicity fer chemicals 10 which
humans are known to be exposed; to evaluate thess dala with
the help of experts in chemical carcinogenesis, epidemiclogy,
and related fields; and to make this information available for
the primary prevention of cancer, Selection of chemicals for
evaluation Is based on 2 criteria: {(a) there are data related to
carcinogenicity in humans or experimental animais; and (b)
there is evidence of human sxposure (4).

In the first 16 volumes of the monographs, the assessments
of carcinogenicity in humans and experimental animals were
made separately. No attempt was made to estimate carcino-
genic risk to humans on the basis of data from: experimental
animals. However, most of the chemicals evaluated in the
monographs had only data from animal studies. Specitically, of
more than 350 chemicalg evaluated in Vois, 3 to 1€, only 48
{about 14%) had any human data. In cases where there was
no information availabie from studies in humans, the IARC was
asked repeatedly to consider making an assessment of the
carcinogenic risk for humans which was based only on animal
dsta.

An ad hoc Working Group met in October 1977 to review
the criteria for the assessment of the carcinogenic risk of
chemicats to humans (3). The group drafted guidelines for

subsequent Working Groups which standardize the evaluations

of carcinogenicity studiea both in humans and in animals. Mora
importantly, they recommanded that in the absence of ade-
quate dats in humans it is reasonable, for practical purposes,
to regard chamicals for which there is sufficient evidence of
carcinogenicity (/.e., a causal association) in animais (2) as if
they presented a carcinogenic risk for humans. The use of the
exprassions ‘“for praclicsi purposes’’ and “‘as if they presented
& carcinogenic rigk’ indicates that at the present time a cor-
relation between carcinogenicity in animals and possible hu-
man risk cannot be made on a scientific basis, but rather only

‘pragmatically, with the intent of heiping regulatory agencies in

making decisions related to the primary prevention of cancer.

These guidslines were adopted starting with Vol, 17 of the
Monographs. However, since these criteria were not used for
Yols. 1.t0 18, a further ad hoe Working Group was convened
fo reevaluate the date from animal studies for the chemicals
evaluated in those volumas and to identify those for which
there Is sufficient evidence of carcinogenicity (2). This Working
Group did not consider chemicals or industrial processes far
which apidemiological cata or case reporis suggested an as-
sociation with the occurrence of cancer in humans (6).

By the end of 1878, 20 volumes of the Monographs had
beon prepared. Of the 442 chemicals, groups of chemicals,
and industrial procesges evaiuated thereln, 143 {32%) have
sutficient evidence ¢f carcinogenicity in experimenta! animals,
whereas case reparts or epidemiclogical studies have been
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published for anly 80 of the 442 (14%). Because of tme
limitations, 8 compounds with limited human evidence ware not
considered by the Working Group (o~ and p-dichlorcbenzenae,
dichlorebanzidine, phenylbutazene, 2,3,7.8-tetrachlorodi-
benzo-p-dioxin, o~ and p-toluidine, vinylidene chloride). The
gtuup also did not conslder sex hormone preparations (with
the exception of diethylstilbestrol), since they had regently
been reevaiuated for Vol. 21. There were thus 54 chemicals
and industrial processas with data on carcinogenicity from
human and animal studies reviewed by the Working Group.
This report summarizes the deliberations and conclusions of
this ad hoc Working Group.

METHODS

For each chemical, the data were reviewsd in detall before
the meeting by 2 members of the group, the animal studies by
an experimentalist and the human studies by en epidemiolagist.
Data that had bacoma avallable since the publication of the
relevent monograph were included in this review.

Separate assessments of tha human and animal evidence of

" earcinogenicity were debated and adopted by tha Working
Group. An overall evaluation of carcinogenicity for humans was
made basad on tha combined evidence. Brief descriptions of
the data used to support the assessments and the evaluations
appear in the ‘"Appendix.” We encourage tha reader to consuit
these notes together with Table 1. For each chemical, the
*'Appendix'’ gives references for the appropriate voiume in the
Monographs series and, where applicable, papers which have
besn published subsequently.

Assesament of Evidence for Carcinogenicity from Experl
. mental Animal Studies

These assessments wers classified in 1 of 5 groups.

“Sufficient Evidence” of Carcinogenicity. There is an in-
creased incidence of malignant tumora: (a) in multiple speciea
or straing; {b) In multiple experiments (preferably with different
routes of administration or using ditferent dosa levels); or (¢) to
an unususl degree with regard to incidence, gite, or type of
tumor, or age at onsst, Additiona! svidence may be provided
by data concerning dose-response effects as well as informa-
tion on mutagericity or chemical structure.

“Limited Evidence'' of Carcinogenicity. Data suggest a
carcinogenic effect but are timited because: (a) the studies
reler 1o a single species, strain, or experiment; (b) the experi-
ments are restricted due to inedequate dosage levels, inade-
Quate duration of exposure to the agent, inadequate period of
follow-up, poor survival, too few animals, or inadequate re-
porting; or (¢) the neoplasms produced often occur spontane-
ously or are difficult to classify as mallgnant by histological
criteria alone (e.g., lung and ilver tumors in mice).

“Inadequats Evidence.” Because of major qualitative or
quantitative limitations, the studies cannot be Interpreted as
showing either the presence or the absence of a carcinogenic
etfect.

"Negative Evidence.” Within the limits of the tests used, the
chemical ls not carcinogenic. The number of negative studies
is limited since, in genaral, studies showing no eNect are less
likely to be published than those suggesting carcinogenicity,

“No Data.” Data ware not available to the Working Group.

n

The catequries, “susticient svidence™ md “limiled ¢ sdancae™
rafer only to the strength of the extaurimental eviduaoe that
these themicals are (or are not) cascinogenic and nat o the
extent of their carcinogenic activity. The claseifieation forany
chemical may change as new informsiion becomes avaiahbla.

Assessment of Evidence for Carcinegenicity from Human
Studies

Evidence of carcinogenicity in humans ceme from 4 types of
studies: (2) case reports of individual cancer patients who were
exposed to the chemical or process; (b) epidemiological studies

- in which the incidence of cancer in. human populations was

found to vary spatially or temporally with exposure to the
agents; (¢} epidemiclogical studies in which individuals with a
cancer ara compared with a control graup free of that cancer
to sea whether the history of exposura to the presumed causal
agent la grealer in the cancer patients {i.e., cass-control stud~
les); {d) epidemiological studies in which individuals with ex-
posure to the presumad causal agenl are foliowed up tosse it -
thelr cancer Incidence is higher than that o individuals withott
such exposure (i.s., cohort or {ollow-up studies).
Three eriteria must be met to infer a csusal associstion
between exposure and human cancer (3): (8) there is RO
identified bias which could explain the association; (b) the
possibillty has baen ruied out that the assaciation is doe to
ancther uncontrollied varieble (often called a confounding var-
iable) that is associated with both the cancar and the prosumed
causal agent; (c) the association is unlikely to be due to chance.
in general, while a single study may be indicative of a cause-

. effect relationship, confidence in inferring & causal assocktion

is increased when several independent studies all show the
association, when the assoclation is strong, when there is a
dose-~response ralationship, or when a reduction in expoaure
is followed by & reduction in the incidence of cancer.

The degrees of evidence tor carcinogenicity in human shxtes
were categorized as: (@) sufficient evidence of carcinogenicity,
a causal assoclation between exposurs and inunan cancer; (b}
limited svidenca of carcinogenicity, a possibla carcinoganic
effect in humans, but data not sufficienf to demanatrate @
causa! assoclation; (¢} inadequate evidence of carcinogenic-
ity, data qualitatively or quantitatively insufficient to siiow any
conclusion regarding carcinogenicity for humans.

Dividing lines were by no maans finnly drawn batwoes sui-
ficient evidenca end limited avidence for animal studiss and
between inadequate evidence and limited avidence for both
human and animal studies. When differences of apinion oc-
curred among the members of the Working Group. the ciaesi-
fication was made by majority vote.

Evaluation of the Carclnogenic Risk to Humane

Presently, no objective criteria exist 1o interprat the snimal
data directiy in terms of human risk. Thus, in the abseace of
sufficient evidence from human studias, evahuation of the car-
tinogenic risk to humans was based on consideration of the
epidemiologica! and. experimental svidance together. further-
more, the breadth of the ahove-defined categorias for human
and animal evidence alfows substantial variation within sach,
and the decisions reached by the group regarding owerall risk
incorporated these differences, even though they coutd not
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Chemicals and Human Carncer

Yable 1
Clussiazation of the degres of evidencw of carcinogenicity for humans of chemicels or indusiris! processes from IARC Manogrephs,
Vois. 1 to 20
Degree of evidence® Evaluar. \ns
of cereirg-
genie risk 1o
Chenicat or process In humans In axperimeniat animals humans
1. ACTyionimie Limited Sutiicient 28
2. Afistoxies Limited Suftficient 2A
3. 4-Aminobiphenyl Suthicient Suticknt t
4, Amitrols {sminotriaxzole} tnadequate Buticient 20
5. Arsenic and certaln arsenic compounds Sutticlent Inadequate 1
&, Asbesics Sufficient Sutiiclent 1
¥. Lmitad Limited -}
.. uwvm.amm Sufficient.  Not appéicatie” 1
5. Benzane Bufficient Inadequste k]
10. Senzichine SuNitient Butficient 1
11. Baryilium and cenain beryllium compounds® Limited Sutficient 28
12, NN-Bie{2-chiccomthiyi2enaphthytamine (chiomaphazine} Sutliclent - Limited ]
13. BOME and tachnical grade CMME Sutticlant T Bufticlent 1
Sufticient Limited
14, Catimium end certein cadmil wounds® Limited Sutfficient 2A
15, Carbon Wrisachioride inadequate Butticient 28
18. Chiorambucit Limited Buticiant 2A
17. Chicramphenicol inadequate No data 3
18. Chisrdane end heplachior indequste Limited 3
8. Chioroprens Insdequate . inadequate 3
20. Ch & and in ek I ds® - Sutliciant Sutficlant 1
. Limitea BuMficiem 2A
22. 0T inadequate Limited 3
23. Dieldrin. nadequate Limited 3
24. Bufficient - Butficien 1
% chionde Inadequate Sutlicient o8
28. Dimathyl sulfate Inadequate Suticient 8
27. Epichicrohyrin Inadequate Limieg a
28. Ethylere ouidu Limlied inadequate 28
29. Hematite® Inadequate Hegative a
30. Underground hematite mining Sutficiant * Mot wprleamo 1
31. HOH (lechnitel HCH and lindans) inadequate Limited 3
382, jron dextran . Inadequsis Sutticient 28
a3. lnadauunm timited 3
34. aopropyl olla®* decuate 4. R s
38. Manufaciure of lsopropyl alcabw! (etrong acid process) Butficlent | Not spplicable 1.
38, Lead anc ceriain lead compounds® fnadequale Sutiiclent {(for some soluble salts) 3
B87. Melphalan Sutficient Sufficiont 1
38. Mustard gas Sufticlent Limlted 1
39, 2-Nephhytaming Sutticlent Buffictent 1
40. Nickal and carisin nickal compounds™ ¢ Limited Sutficlent 24
%1, Nickel refining Sufliclent Not sppiicadle® 1
42, Oxymetholone Limited No datas 28
43 Phanscetin Limhoc Limitpd 208
44, Phencbarbitane Limigas Limiteg 3
45. N-Phanyl.2.naphthylamine Inedequate inadequate 3
48, Phanyioin Limited Limited 3
47, Polychiotinated biphenyls insdequate Sutficient 28
483. Ressrping inadequate inadequate s
49. Sools, fare, and mineral olls” Butticient Sutticient 1
$0. Styrene inadequale Limiled 3
81, Trichioroethyiene adecuats Limited a
£2. Trie{aziridiny!)-p-b b {tris ] inadequata Limited 3
53. Teislazridinytiphosphine sullide (mmpn Limitad Sutficiant 2A
§4. Viay! ehioride Sutficient Sutficient kl

¥ Foran of the cat of t of sert

. Fov an expisnation of the uhgcrbs of wqumlc risk fo hulnaﬂl see "Melhedl

£ Plesse ycfn 1o sectlon an lndustml processss and to the

in the A .

“ttis

1o the same conditions 1o which workers ars axposed: tharefore, no animal data are avaliably.

®The wu oompounds which may bc reaponsible for a carcinogenic #ffect have not been identified,

slways be adequately rafiected in the placement of a chemical

-into & particular category for Table 1. The evidence supporting

these decisions is summasized in the notes for each chemical
in the “Appendix.™ .

The chemicals, groups of chemicals, or industrial processes
were placed into 1 of 3 gioups.

Group 1. The chemical, group of chermicals, or industrial
process is carcinogenic for humans. This category was used

SANUARY 1980 !

only when there wae sufficient avidance to support a8 causal
sssociation between the exposure and cancer,

Group 2. The chamical or group of chemicals is probably
carcinogenic tor humans. This category includes chemicals for
which the evidence of human carcinogenicity is almost sutfi-
clent as wall as chemicals for which il Is only suggestive. To
refiect this range, this category has been divided into higher
(Subgroup A) or lower {(Subgroup B) degress of evidence. The

.
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data from experimantal animal studies piayed an importantrole
in assigning chemicals to Group 2, paricularly to Subgroup B.

Group 3. The chemical or group of chemicals cannol be
classified as to its carcinogenicity for humana.

RESULTS AND CONCLUSIONS

The separate svaluations of anima! and human svidehce are’

presentad In Table 1. The Waorking Group conciuded that the
following 18 chemicals, groups of chemicais, and indusirial
processes are carcinogenic for humana (Group 1).

4-Aminobiphenyl

Arsgenic and certain arsenic compounds

Asbeastos :

Manufacture of auramine* :

Benzene

Benzidine

N,N-Bis{2-chloroethyl)-2-naphthylamina
zine)

BCME® and technical grade CMME

Chromium and certein chromium compounds®

Diethylstiibestrol

Underground hematite mining*

Manufacture of isopropyl alcehol by the strong acid proc-
ess’

Melphalan

Mustard gas

2-Naphthylamine

Nickel refining*

Soots, tars, and mineral olis*

Vinyl chlorida

(chiomapha-

Tha foliowing 18 chemicals and groups of chemicals 'r.
probably carcinogenie tor humans (Group 2):

Subgroup A (8 Chemicals)
Aflatoxing
Cadmium and certain cadmium compounds®
Chlorambuci
Cyclophosphamide
Nicke! and certain nickel compounds* ]
Tris(1-aziridinyDphosphine sulfide (thiotepa)

Subgroup B (12 Chemicais)
Acrylonitrile
Amitrole (aminotriazole)
Auramine
Beryllium and certain beryliium compounds*
Carbon tetrachloride
Dimethylcarbamoyi chioride
Dimethyl sulfate
Ethylane oxide
fron dextran
Oxymethalong
Phenacetin
Polychiorinated biphenyis

*The specific COMPoUNd(s) Which may be responsible for & carcinogenic

efiect in humans has not been identitied.

* T~.. abbrevialions used are: BCWME, bis(chioromethy)) ether, CMME, chio-
romat«! mathyt ather; DDT, dichlorodiphenyitrichiorosthans; HCH, hexachiare-
Cycioresans,

4

The foliowlng 18 chamicals and greups of chanicaks etuld
not bs clestified ez to their carcineganicity for tmam
(Group 3)

Chioramphenicol
Chlordane-heptachior
Chioroprene -
DDY )
Dieldrin
Epichlorohydrin -
Hemalite
HCH (technical grade HCH-lindane) -
{soniarid
lsopropyt oils

. Lead and certnin laad eompoundu‘
Phenobarbitone
N-Phenyl-2-naphthylamine
Phenytoin
Roeserpine
Styrena
Trichloroathylene t
Tris(aziridinyl}-p-banzogquinona (trisriquone)

Mining and Manufacturing Processss

For some of the chemicals, part or all of the avidence
indicating a carcinogenic affect for humans comes Fom an
increased incidence of cancer in individuals- invoivod in the
mining or manufacture of these chamicals. There is sulficient

_ avidence that the manufacture of auramine, the underground

mining of hematite, the manufacture of isopropyl alcohal by the
strong-acid process, and the refining of nickel are carcinogenic
to humans, at least in the aituations in which they have been
studiad. Bacausa these occupations include exposure 1o other
tactors in addition 10 the Indicated chemical, the respansible
carcinogens have not been identified; therafore, the resulls
cannot be generalized to all situations involving these proc-
usses. Nonetheless, these procsases should be aswmmed to
cmlmmmmhmm?amm.
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APPENDIX

Descriptive Evaluations of tha Animal and Human Evidence

of Carcinogenicity for Chemicals or indiustrial Processes
Evalusted in Vols. 1 to 20 of the JIARC Monographs

1. Acrylonitrile {Group 28}

Acrytonitrile is carcinogenic in rats atter p.o. administration
and inhalation, producing cancers of the brain, forestomech,
and Zymdal's gland (1).

The one available study suggests 4- to 8-fold increases In
the rates of lung and colon cancer in men observed for 20 or
mora yers; hovoever, it is limited by the absence of information

* on smoking and on exposura o other chemicals and by incom-
pleteness of follow-up {1).

hﬂclluw 12 73-113, 1079
K Aﬁms {lmup 2A)

Afisioxing are carcinogenic in mice, rats, fish, ducks, mar-
mosets, tree shrews, and monkeys by several routes of admin-
igtration {mciuding p.0.), produclng maeinly cencers of the tiver,

- colon, and kidney {1).

Epidemiologice! stixdies have shown & positive correlation
between the average dietary concentrations of afiatoxins in
populations ant the intidence of primary iiver cancer. These
studies were uridertaken to test this specific hypothesis. How-
over, no studics havo been eamied out which could fink an
incroased risk of liver cancer to actunl aflatoxin intake in
individuals (1),

T, WREMC &hewn e, B0 S0 TROAUTEL
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Chemicals and Human Canoér
3. 4-Aminobipheny! (Group 1)

4-Amincbiphenyl! is carcinogenic in mice, rats, rabbils, and
dogs afier p.o. agministration, producing principally cancer of
the urinary bladder {1).

Epidemiological studies, which are confined to one saries ot
workers occupationally exposed to commercial 4-eminobi-
phenyl, show a high incidence of bladder cancer (1, 2).

1. IARC Menogr., 1: 74.79.1972.
2, M. R.
Cancer, a.u'r-nz 1972,

4, Amitrole {Aminotriazole} (Group 28)

oytology of utinary trect carcinoma. Eur. J.

Amitrole is carcinogenic in mice and rats, producing thyroid

and liver tumors following p.o. or s.c. administration {1, 2),
Rallroad workers who were exposed {0 amitrole and other
herbicides showed a alight (but statistically significant) excass

" of cancer when all sites were considered together. Because

workers were exposed 10 several different herbicides, however,
no conclusions coukf be made regarding the carcinogenicity
of amtiirols alone (1).

1. JARC Monogr-, 7: 3143, 1974,

2. Tsude, H., Hananoucht, M., Telematsy, M., Hirose, M., Hireo, K,, Tekehashl,
M., and Mo, N. Tumorigenic effect of S-amino-1 #.-1,2,4-trlazole on rat
thyroid. J. Natl. Cancet mat,, 57; 851-884, 1978,

5. Arsenic and Certain Arsenic Compounds (Group 1)

informetion on the carcinogenicity of arsenic compounds in
experimential animals was considered inadequate for evalua-
tion (2).

Skin cancer in humans iz causaily associated with exposure
to inorgenic arsenic compounds in drugs, drinking water, and
the occupational environment. The risk of lung cancer was
increaged 4 t& 12 times in certain smetter workers who inhaled
high isveis of arsenic trioxide (2, 4, 7). Howsver, In these
studies, the influence of other constituents of the working
atmosphere cannot be exciuded. Case reporia have suggestsd
an assaociation belwieen sxposure to arsanic compounds and
blood dyscrasias and liver tumers (1, 3, §, 6).

1. Beady, J., Liberatore, F., Herper, P., Gresnwald, P., Bumett, W,, Davies, J.
N, P, Bizhop, M., Poian, A., and Vianns, N. Angiozarcome of the Livar: an
epidemiologic survey. J. Natl Cancer Inst., 59: 1383-1385, 1977,
. IARC Monogr., 2: 48-73, 1978.
. Kjeldsborg, C. R., and Ward, H. P. Lavkemia in aresnic potsoning. Ann.
intern. Med., 77 38.'»937 \972
4. Kurattune, M. Lo Tt Bhirak T.. Yoshida, M., Tokumitsy, ¥.,
Hayano, T., gnd Seits, M, Dewptnonal Iunnunenr among m«mnm
. i, J. Cancer, 13: 652-658, 1874,

5. Kyle, R. A., and Paase, G. L. Hematolpgic sspects of arsenic intoxication,
N.Engl. J, Med., 273: 18-23, 1068

6. Lander. J. J., sronloy R. J., Bumner, H. W., Boswall, D. C., and Aach, R. D.
Wb“reoml of the *ur associalett with Fowler's solution (potaspivm
arsanile). Gastrosnteroiogy, 68’ 1582-16886, 1975,

7. Tokudome, ., and Kuraisune, M. A pohont study on morality from cancer
mo;tsr ;:-;\;:s AMONG WOrkers a1 3 metal refinery. ini. J. Cancer, 17

wn

8. Asbestos {Group 1)

All types of commercial asbestos fibers which have been
tested are carcinogenic in mice, rats, hamsters, and rabbits,
producing mesothetiomas and lung cancers after inhalation
and after intrapleural, intratracheat, and i.p. administration {1).

Occupational exposura to chryeotile, amosile, anthophyllite,
and mixtures confainiie ocidelitey as resuited in a high
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incidence of lung cancer. A predominantly tremoiitic material
mixed with anthophyllite and small amounts of chrysotile has
also caused an increased incidence of lung cancer. Pleural
and peritoneal masotheliomas have been obsarved atter oc-
cupational exposure to crocidolite, emosite, and chrysotite
asbestos. Gastrointastinal tract cancers were inoreased In
groups expased occupationally to amosite, chrysotile, or mixed
fibers contalning crocidolite. An excess of cancer of the larynx
was also observed in exposed workers. Mesotheliomas have
oceurred in individuals iving In the neighborhood of ashestos
factories and crocidolita mines and in persons living with as-
bastos workers. Both cigaretta smoking and occupational ex«
posure to asbastos fibers independently incraase lung cancer
mcudence Whan present together, lhey act mult:plicahva!y (1).

1. IARCHomgt 14: 1-108, 1977,

7. Auramine {(Group 28)
8. and The Manufacture ofAuramme‘ (Growp 1)

Commercial auramine is carcinogen!c in mice and rats after
p.0. administration, producing liver tumors, and after s.c. injec-
tion in rats, producing local sarcomas (1).

The manufacture of auramine {which involves exposure to
other chemicals along with auramine) has been shown in one
study to be causally associated with an increase in bladder
cancer. The actual carcinogenic compound{s) has not been
identified {1). - .

1. IARC Mongr., 1: 69-73, 1972,
8. Benzrene (Group 1)

Benzene has shown no evidence of carcinogenicity when
tested in mica by skin application. Other animal experiments
wera considerad to be inadequate to evaluate the carcino-
genicity of benzene (3, 5, 7).

Saveral case reports as wel! as an epidemiclogical case
control study suggest a relationship between benzene expo-
sure and leukemia (3). Two cohort studies (4, &) showed an
increased incidence of acute nonlymphocytic leukemia in work-
ers exposed to banzene. There has bean an additional report
of a large number of leukemia cases (most of which wers acute
nonlymphocytic) ameng & group of workers exposed to ben-
zene (1, 2).

1. Aksoy, M., and Erdem, 8. Followup study on the mortality and the develop-
ment of isukemia v 44 pancytopenic patients with chronkc sxposure to
benzene. Blood, 52: 288-202, 1978,

2. Aksoy, M., Erdem, §., and Dingat, G. & n sh
chronically 10 benzens. Blood, 44; B37-841, 1974,

3. ARG Monogr., 7 203=221, 1874,

4. infante, P. F., Wagoner. J. K., Rinsky, R. A., and Young, R. J. Leukaemia In
benzene workecs. Langet, 2; 78~-78, 1977,

8. Maliord, €., and Scarnato, C. Le prime prove sperimentsll dall’ azione

8

“

rhers exp

CanceroQana dei benzens. Gii Ospedali dalia Vita, #: 111-113, 1977,
Ott, M. Q., Townsend, J. C,, Fishbeck, W, A_, and Langner, R. A, Mortality
among individuals occupationally exposed lo benzens. Arch. Environ,
Herith, 33: 3-10, 1878,

7. Ward, J. M., Waisburger, J. H.. Yamamoto, R. 8., Benjamin, T.. Brown, C.
A, and Weisburger, E. K. Long-tarm etiect of benzene in C57BL/6N mice.
Arch. Environ, Heaith, 30. 22-25, 1975,

10. Benzidine (Group 1)

Benzidine Is carcinogenic in experimental animais after p.o.
and s.c. agministration, producing liver tumors in rats and
hamsters and bladder cancers in dogs (2}.

]

Case reporis and fciiow-up studies of workers provide suffi-
cient avidence that accupational exposure to benzidire is -
causally associated with an incraasad risk of bladder cancer
{2). This association is strengthened by data which suggest
that the incidenca of this cancer in workers dacraased after a
reduction in industrial exposure {1).

1. Ferber, K. H., Hifk, W. J., and Cebb, D. A, Anma!h-ﬂcﬂol
mproved working eendillons on

umor
mamdacturing facility. Am. ind. Hyg. m;.sr. €1-88, 1970.
2. LARC Monogr., 1: BO-28, 1972.

11. Beryllium and Certain Berylium Compounds* (Group 26) . . .

Beryllium sulfate, beryl ore, and bertrandite produce lung
fumors in rats following inhalation, Beryliium oxide and beryl-

- lium sulfate produce lung tumors in monkeys following intra~

bronchial implantation or inhatlation. Zinc beryllium silicate,

‘beryliium metal, and beryllium phosphate ail produce bone

tumors In rabbits followinp Lv. injection (1).

Five early epidemiological studies were considered inade-
quate to evaluaste the carcinogenic effeats af beryllium (1).
Three recent epidemiological studles (2-4) concerned men
occupationally expesed to beryllium, some of whom developed
acute beryllium disease. The populations for these shudies
come from 2 beryllium refining and smsiting plants, and both
show a 1.5- to 2-fold increase in lung cancer mortality. The
statistically significant excess of lung cancer mortality was
limited to men employed for less than 1 year and became
apparent only after a follow-up of 15 years ar more. There was
no increase in risk with increased duration of smployment.
None of the studies adequately consider the effects ot smoking.
The study that used data from the Berylium Case Regisiry {2)
shows that & of the 7 lung cancer deaths were in men whose
exposura to beryllium was through refining and smoelting; thus,
none of the studies can rule out the effects of factors other
than beryilium in the working environmant.

1. IARC Menegr., 1: 17-28, 1972,

2. Infante, P. F., Wagoner, J. K., and Sprince, N. L. Mortakty paitemns from
ung cancer and non-necplastic respiratery diseass among white males in
the berytium case registry, Environ. Res., In press, 1979,

3. Mancuso, T, F. Occupationsd lung cancar amang baryllium workers. Environ.
Rex., in press, (979,

4, quom.J K.,Bayllss, D. L., andln'mlu. P. F quﬂum an stiologic agent
in the Induttion ef lung dt and heart
disease among industrially oxpoudwkn Environ, Rn in press, 1978,

12. N,N-Bis(2-chloroethyl)-2-naphthylamine (Chlornapha-
zine) (Group 1}

N.N-Bis(2-chloroethyl)-2-naphthylamine (chiornaphazine)
produces lung tumors in mice following I.p. injection and local
sarcomas in rats after s.c. administration {(1).

The administration of chiornaphazing together with radicac-
tive phosphorus (sadium [P?Piphosphate) caused bladder can-
cer in 10 of 61 patiants treated for polycythemia vera. In 48
patients treated with sodium [*?*Plphosphate alone, no cases of
bladder cancer were found (1).

1. IARC Mongr., 4; 119=124, 1974,
13. BCME and Technical Grade CMME (Group 1)}

BCME produces tumors at the site of application in mice
after administration by inhalation, skin application, and s.c.
injection and in rats alter inhalation and s.c. administration.
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Technica! grade CMME (which is almost always contaminated

with BCME) produces local sarcomas in suce after 8., admin-.

istration and is alsa 2n initiator of skin tumors {3).

Two studies of workers exposed to BCME and technical
grade CMME showed an increased risk of lung cancar, mainty
oat celf carcinoma (3). Two subsequent studies have shown a
posHive sssociation belween atypical cella in bronchial excre-
tions (abnormat puimonary eytology) and exposure to BCME
(2. 4) which was not related to cigarstie smoking. Savera!
studies have demonstrated a significant excess of lung cancer
among BCME- or CMME-exposed workers (1, 4-6) which was
directly retatod to intensity and duration of exposure. Oat oell
carcinoma was the predominant histological type of lung can-
cer. The excess respiratory cancer mortality was most marked
in workers under 35 yaars of age. The evaluation of CMME
alone is complicated by the presence of 1 to 8% BCME as a
contaminant.

1. Albert, R E., Pestarneck, B. 8., Shore, R. E., Liopmann, N. K., and Ferris,
8. Mormity patiams among workers axpoeed 0 chioromethyl sthem—-a
pretmioecy report. Enmiran, Keatth Perspact.. 11: 209-214, 1976,

2. Frost J. K, Gupts, P. K., Erozam, Y. F., Cartar, D., Rollander, D. H., snd
Lavia, M, L Puk y cytology sHerstians In toxic srwitonments! inhatation.
Hom, Pathol., ¢: 521836, 1878,

8. WARC Monogr., 4: 231-245, 18T4.

&, Lomen, R A., JOhnson, W. M., Weagoner, J. K., Archer, V. E., and 8
wnno, @ Cylologic obeservations anid cancer incidence following sxposure
%0 BCHIE. Annt. H. Y. Acad. 841, 271, T1-80, 1876,

8. Pashernack, 8. 8., Bhore, R.E., NM R. E. Cocupations!
chioromethry] eihars. J. Occup, Med.. 19 741-146. 1977

€. Saksbe. H. Lung cancer dus %o
Haalth, 17 145-148, 1973,

axposurs to

ather. {nd.

14. Cadmium end Certein Cadmium Compounds {Group 2A)

Cadmium chloride, oxide, sulfate, and sulfide are carcino-
genic in rats, causing local sarcomas afier 8.c. injection. Cad-
mium powder and cadmium suffide produce local sarcomas in
rats foliowing .. administration. Cadmium chicride and cad-

- mlum sultate prosuce testiculer tumors in mice and rats follow-
Ing 5.c. sdministration (1),

Early studies suggested that occupationat exposure to cad-
mium in some form (possibly the oxide) increases the risk of
prostata cancer in humans. In addition, one of these studles
suggesied an increased risk of respiratory tract cancer (1). A
later study (2) showed & slight but not statistically significant
incresse In prostate cancer in battery piant workers (2 ob-

. sgrved vorsus 1.2 expected) and cadmium alloy workers (4
observed versus 2.68 expected). A case-control study (3) of
renal cancer patlents showoed a 2.6-fold increased risk asso-
ciated with occupational cadmium exposure. This relative risk
doubled when cigarette smoking was included.

1. SARG Monoge., 11: 3074, 1974,

2. Kielistrien, T Fthm L -mmhnstu.s Mortakty and cancer morbidity
@ pradiminary raport. Environ. Heaith
Purspect.. 28 199-204, 1979

3. Kolonel, L. N. Auoolatbndudnﬂumvlh renal cancer. Cancer {Phifa.),
87: 17821789, 1976.

15, Carbon Tetrachiorive (Group 28)

" Carbon tetrachioride is carcinogenic in mice and rets, pro-
ducing tiver tumors after administration by various routes. it
also praduced iver tumors in trout and hamsters following p.o.
a6ministration (13,

Three cise tepoils describe liver tumors associnted wilh
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cirrhosls foliowing exposure to carban tetrachloride (1).

i. TARC Monogr., 20. in presa, 1979,
18. Chiorambucil {Group 2A)

Chlorambueil is earcinogenic in rats and mice foliowing i.p.
injection, producing lymphomas in rats and iymphosarcemas,
ovarian tumors, and {ung tumors in mice (1).

Cese reports have shown an association between chiloram-
buell treatment and development of {sukemia (1). Women with
ovarian cancer treated with &8 variety of alkylating agents,
including chlorambucil, subsaquantly had an increased incl-
dence of leukemia (3). Twe cases of leukamia and one case of
renal clear cell carcinoma have bean reported in children
treated for glomerulonephritis with chiorambucit (2).

1. MRC Monogr., 0 125-134, 1975,
2. l,.ﬂa(r.a Gmry'l’ Kigind ht, C., Gagnadoux, M, F., and Broyer, M.
du chi b chu!cnhnlﬁpropotdc

300 ‘observeNons O n(wopluiu glomérulsires irailées). Arch, Fr. Pe-
"diatr., 34: 7908-807, 1977,

3. Reimer, A. R., Hoover. R., Fraumeni, J. £., Jr., and Young. R. C_ Acute
teukemia siter atyiating-agent therapy of cvarian cancer. . Enpl. J. Med.,
2Q97: 177181, 1977,

77. Chioremphenicol (Group 3)

No date were available on the carcinogenicity of chloram-
phenico! in experimental animals.

Case reporis hava appeared describing patients with leuke-
mia who had previously had ehloramphenicol-induced aplastic
anemia. A follow-up study described 3 cases of leukemia in
126 patients who had bone merrow depression following treat-
ment with chioramphenicel (1).

1. JARC Monogr., 10: 85-98, 19786.

18. Chiordane and Hepiachlor {Group 3)

Thase compounds aAre considered togethar, becauss they
gre structurally similar and because they sre often contami-
nated one with the other.

Chiordane and heptachlor (which contained about 20%
chlordane} are carcinogenic in mice, producing tiver tumors
following p.o. adrmnlstrahon The data for rats are inconclusive
.

in one report, 5 of 14 children with neuroblastoma had
prenatal and/or postnatal exposure to chiordane. Possible
exposure in the remaining 8 children was not ascertained.
Thrae persons with acute leukemia wera found to have bean
exposed to chlordane (which contained 3 to 7% heptachior)
(0.

1. KRS Mononr.. 20: I praxs, 1979,
18. Chioroprene (Group 3)

Tests for the carcinogenicity of chioroprene in animals were
congideret inadequata for svaluation (1),

Eplkdemiologica! reporis regarding cytogenic etfects and re-
productive disturbances In workers exposed to chioroprene,
and in their wives, are consistent with experimental evidence
that chioroprene is mutegenic. Severa! epidemiological studies
regarding the carcinogenicity of chloroprene are inconclusive.
There is one case report of angiosarcoma of the liver in a
worker exposed to chloroprene (13,

.-
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1. IARC Monogr., 19: 131-156, 1978,

20. Chromium and Certain Chromium Compounds® {Group 1}

Caleium chromate is carcinogenic In rats after administration
by several! routes, including Intrabronghial implantation, Chro-
mium chromate, strontium chromate, and zinc chromate pro-
duce local sarcomas In rats at the sites of application. The
evidenca for the carcinogenicity in mice and rats of barium
chromate, lead chromaie, chromic acetate, sodium dichromate,

" and chromium carbony! is inadequate (2-4).

There is an increased Incidence of jung cancer among worke
ers In the chromate-producing Industry (1, 2, 5, 8, 9) and
passibly aiso among chromiuin platers (8, 10) and chromium
alloy workars (7). There is aisp & suggestion of increased
incidenca of cancers at other sites (7, 8). The chromium
compound(s) responsibie is not known.

1. Davies, J. M. Lung-cancer mortalily of workers making chrome pigmaents.
Lancel, 7. 384, 1978,

2. IARC Monhogr,, 2; 100~125, 1973,

3. ankovic, 8., and Preusamann, A, Absence of toxic and carcinogenic tiects
e sdminiatration of high dosss of chremic oxide plymant in sub-acute
and long-tarm feading experimants in rats. Food Cosmat, Toxicol., 13: 347~
384, 1975,

4. Lane, B, P., and Mass, M. J. C
ct osrbanyl in P
1479, 1977,

. Langard, 8., and Norseth, 7. A cohort atudy of bronchial carcinomas in

workers producing chromate pigmants. Br. J. Ind. Med., 32: 82-85, 1975.

. Ohsaki, ¥., Abs, S., Kimura, K., Taunsla, Y., Mikami, H., and Murao, M.

Lung cancer in Japanese chromate workers. Thorax, 33: 372-374, 1974,

. Pokrovskaya, L. V.. 8nd Shabyning, N. K. Carcinogencus harards in the

production of chromium ferroalioys. Gig. Tr. Prof. Zabol., 10: 23-26, 1973.

Royte, K. Toxicily of chromic acid in the chramium plating Industry ().

Environ. Aea., 70: 39-53, 1975,

. Taylor, F. H. The refationship of moriality and duration of empiaymant as
reflected by a cohort of chromats workers. Am. J. Public Health, §8: 218-

inogenkity and unn:l!y of
trachea) ge-m Cancer Res., 37; 1478~

O PN O

229, 1968.
10. Waterhouse, J. A. H. Cancer ameng chromium piaters, Br. J. Cancer, 32
262, 1976.

21. Cyclophosphamide {Group 2Aj'

Cyclophosphamide is carcinogenic in mice and rats following
i.p. injection, in rats following i.v. injection, and in mice follow-
ing 8.c. Injection. Oosages used were comparable to those
used in clinical practice. It produced mainly lung and lympho-
reticular tumors, but also tumors of the liver and reproductive
organs, sarcomas, squamous cell carcinomas of the skin (1),
and bladder tumors (3).

Thers are a number of ¢case reports of bladder cancer and
acute myeloid leukemia in persons treated with cyclophospha-
mide for a variety of madical conditions (1). A prospective
epidemiological study of women with ovarian cancer showed
an increase of acute nonlymphocytic teukemia foliowing treat-
ment with alkylating agents, including cyclophosphamida (2).

1. 1ARC Monogr., 9: 135158, 1974,

2. Reimer, R. R., Hoover, R.. Fraumeni, J. F., Jr,, and Yeunu . C. Acute
tsukemia sher amylathg-agm therapy of ovartan cancer. N. Engl. J. Mead.,
297 177=181, 1977,

8. Schmahi, D., and Habs, M. Car ic action of low-dose cyclophospha:
mide given mally to Sprague-Dawtey rats (n a Kkiatima upnrhmnt int. J.
Cancer, 23: 706-712, 1979,

22. DDT (Group 3)

DDT is carcinagenic in mice, cavsing liver tumors following
p.o. administration (2). Nonmetastasizing liver tumors occur in

B

—— it — . ot —

rats fed DOT (1. 3).

The epidemiolopical studies available were considerad to be
inadequate to aliow an svaluation of the carcinoganiciry of DDT
2.

1. Cabeal. A AL P, Hall . X_, and Shublk, P. E!hcudloog-«rm DOT ntake
in rals. Abstract pressnted al 20th Congraan of the Buropsan Society of
TYoxicology, West Bariin, June 25 10 23, 3678,

2. IARC Monogr., 8; 83-124, 1974,

4. Rosal, L, Ravers, M ame and Senli, L. Long-term administration of
ODTUW Wislar rats, Inl. J. Cencer, 19 178-185,1977.

23. Disetdrin {Group 3

Dieldrin is carcinogenkc in mice, causing a dose-related
increase in liver tumors following p.o. administration. Feeding
studios in rats have shown no carcinogenic effect {1, 2).

A study of workers axposed to dieldrin involved too faw
subjects and Insufficient follow-up time to allow any conclusion
{0

1. IARC Monogr., B: 128-188, 1974,

2. Stavenson, D. E., Thorpe, €., Hurt, P. F., and Walkker, A, |. 7. The toxic
affacis of disldrin in rate: o resvakialion of dety ocbisined in a two-year
feading study. Toxicol. Appl Pharmacol., 30: 247-254, 1976,

24. Dmuwubcstrdtsroupu P Ce e e

Cisthylstilbestrol Is wdnooenic in mice, rats, hamtars.
frogs (6), and squirrel monkeys, producing tumors principally
in estrogen-responsive tissues (4, 5).

Dlethyistilbastrol causas claar cell carcinoma of the vagina
In females exposed in utaro (2, 4, 5). The svidence for an
association with other human cancers is elther (imited [endo-
metrium (1)] or inadequate [breast (1), ovary (3)].

1. Bibbo, M., Heenzrel, W_ M., MGLWM“WLLA
Mnty-l’wmnr 1oRow-up M to diath
auring pregnancy. N. Engl. J. Med,, 208; T83-TE7, 1978

2, Herbst, A. L., Cole, P, Colien, T., Robboy, 8. J., and Scully, R E. Age-
mmammd&mmmuwnmamd
the vegina and cervix. Am. J. Dbatet. Gynecol., 128: 43-50, 1877,

. I-Ioevar.R Gﬂy LA..MdFmMJ.F’..Jr Sthbasirol (diathytalibeatrol)

and the d 2; 833534, 1077,

IARcMononr &ss—n nn .

. ARG Monogr., 27: in press, 1979,

. Khudolsl, V. V. Carcinogenic aclion of disthyistibestrol on frogs. Bult. Exp.
Biol, Med., 877 308200, 1976.

25. Dimethylcarbamoyl Chioride {Group 2B)

Dimethyicarbamayt chioride is carcinogenic in mice, preduc-
ing local carcinomas after skin application and local sarcomas
after 8.c. or i.p. injaction {1). )

A shxily of humans expossd to dimethyicarbamowl ehloride
was considerad inadequate dus to the small pumber of people
observed (1).

1. IARC Monogr., 12: T7-84, 1978 _
28. Dimeihyt Sulfate {Group 2B)

Dimethyl sulfate is carcinogenic in rats atter inhalation or s.c.
injection, producing mainly focal tumors, and after prenatal
exposure, producing tumors of the nervous system (1).

Four bronchia! carcinomas have been reported in men oc-
cupationally expased to dimethyl sulfate{1}. In an epidemiolog-
ical study, 8 cancer deaths wers found against 2.4 sxpected,
3 of which were cancers of the respiratory tract {1.02 expected)
(2). Nasither of these diffsrences was statistically significant,
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. IARC Monogr,, 4: 271278, 1674,

2. Pefl, 5. Monmity of workars axposed 10 dimewyl sullate, T932-1974.
Submited 1o the Amacican Cont of G ) and {ndusirial
Hyplenitis, 1876,

27. Epichiorohydrin (Group 3)

Epichlorohydrin produces focsl sarcomas in mice following
s.C. Injection and was active as an initiator in & 2-stage carci-
nogenasis siudy in mice (2).

Mon exposad to epichlerohydrin for 15 years or more at 2

plants showed an increased number of deaths due to respira-

tory cancer (8 observad, 4.7 expactéd) and leukemia (2 ob-
sorved, 0.4 expected) (1). This excess was not statistically
significant and furthermore cannot be attributed confidently to
epichiorohydrin exposure alone, since thase men wers ex-
posxd to other chemicals, and cigarette lmoking was not
corsidersd in the analysis.

1 Eviexlng, P.E_, and Henderson, V. L. Updated mortality in workers sxposed

o apichiorcwydirin. J. Ocoup. Mad., in press, 1679
l.mw 11, 131-139, 1976,

28. Ethylense Oxids (Group 28)

Solutions of ethylene oxide have been tested inadequately
n mice by skin application and in rats by a.c. injection. No
axperiments involving Inhelation were available (3).

Two studies of human populations exposed occupationally
to sthylane oxide (1, 2) have shown increased rates of leuke-
mia. One of these sludies also showed increased rates of
geastric eancer. This increass cannot be confidently attributed
to ethylene oxide alone, howaver, since the workers were
axposed to other chemicals as well.

1. Hogsledt, C, Maiaqvist, N., and Wadman, B, Leukemia in workers exposed:

10 attwtans ;mods. J. Atn. hied. Asaoc., 2471 13132-1133, 1978,

2. Hogeledt, C., Rohién, 0., Barngtsson, B, 8., Axeison. O.. and Ehrenberg, L.
Kohortstudie av didsnesal.er hos ansiiiida | etylanoxidiramstéining. Lik-
artigringen, 78: 3205-3287, 1978,

3. ARG KMonogy: | 11 157-1867, 1076.

20. Hemalite (Group 3)
30. and Underground tHematite Mining (Group 1)

A No carcinogenic offocts were observed in mice, hamsters,

or guinea pige whan ferrc oxiie was given intratrachoally {2)..
Undergroamd hemutite miners have a high incidence of lung -

cancor, whoreas surface hematite miners do not. it is not
known whother this excess risk may ba due to hematits, to

. saton (& known luhg carcinogen), to inhalation of fettic oxide

or silica, or toa combinntion of those or gther factors (1), Some

. studies of matal workers exposad to ferric axide dusts have

shown an incyeased incidence of jung cancer while others have
not (1, 2). The influence of factors in the workplace other than
fervic vxide cannot be efiminated. .

1. Axgisan, D., 8nd Sjoberg. A. Gancer incidence and sxposurs 10 ifoa oxide

dust. J. Oooup. Med., 21 419-422, 1976,
£ WARC Mbacpe., & 29-38, 1972,

1. HCH (Tochmical HCH and Lindans) (Group 3)

Technicat HCH, o~ and S-HCH, end lindane (y-HCH) are
carcinogenic in mice when administered p.o., producing liver
tumars. Stutfies In rats were considerod inadequate {1).

Approximately 30 cases of aplastic anemia and 8 cases of
rouie wyclngd keukemla followng exposure ‘tu HCH or lindone
haove Boor. mported. A sludy ©F 285 workers exposed fo ma. i
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pesticides (including HCH and lindane) showed an apparent
excess of lung tumors and one case of leukemla; however, th's
cannot be atiributed to HCH or lindane exposure alone (1).

1. SARC Monogr., 20: in press, 1678,
32. fron Dextran (Group 2B)

fron dexiran it carcinogenic in mice and rais after s.c. or i.m.
injection, producing local tumors (2).

There have been case reports of sarcomas associated with
injections of iron dextran (1, 2). These appeared in the area
which was probably the site of the injections, and the similarity
of the local effect in humans and animals was noted.

1. Greenberg, G. Sarcoma after intramuscular kon injection. Br. Med. J., 2:
1508-1509, 1078,

. ARC Monogr., 2; 161-178, 1872,

33. Isoniazid {(Group 3}

isoniazid produces lung tumors in mice after p.o., i.p., and
s.c. administration. Studies in rats and hamsters were consid-
ered inadequate (1).

Several early studies faiied to show a significant excess of
cancer among patiants treated with isonlazid {(1). A study of
tuberculosis patients (3) followed for a mean of over 19 years
showed a slight excess of respiratory cancers in patients
treated with isoniazid (relative rigk, 1.4; 85% confidence limits,
1.03 to 1.86 celculated by the Secretarial) and a deficit in
petients not treated with isoniazid (relative risk, 0.3; 5%
confidence interval, 0.06 to 0.81 calculated by the Secretariat).
Although the numbars are small, the effect was similar in both
groups gxaminad and was not seon for cancers at sites other
than respiratory. The excess is mainly for dasths within 4 years
of the start of isoniazid therapy. No dose-response sffect was
saen aithar for total consumption or for maximum daily dosa.
The striking ditferences in moriality belwaen patients treated
earlier in the study snd those treated {ater and the uncertain
retationship of tuberculosis to lung cancer in the absence of
{soniazid therapy make these data difficult to evaluate. A case-
contraf study (2) of patients with bladder cancer reported that
an excess of female cases but a deficit of male cases had
previously feken isoniazid compared to controls without blad-

" der cancer, However, the numbers were amall, and the results

were not statistically significant.

1. ARG Monogr., 4: 159-172, 1974,

2. Millar, C. T., Nautel, C. 1., Nair, R., Marrett, L. D., Last, J. M., and Coliing, W,
E. Relative importance of riak factors in bladder carcinogenests. J. Chronic
Dis., 31: 81-58, 10768,

3. Sloﬂ. ., Palo, J., SQOMR and Fox. w An mlnﬂhoawi-

of iseniazid i with is. Tubercle,
87: 118, 1976,

34, Isopropy! Qils (Group 3}
35. and The Manufacture of isopropy! Alcohol {Streng-Acid
Process) (Group 1)

tsopropyt oils, formed during the manufacture of isopropyl
alcohal by both the strong-acid and the weak-acid processes,
ware lested Inadequately in mice by inhatation, ekin applica-
tlon, and s.c. administration. isopropy! oils {(strong-acid proc-
ess) were also tested inadequately in dogs by inhalation and
by instiltation into the sinuces (1).

. An increased incidonce of canser of the paranasal sinuses
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has been found in workers in tactorics manufaciuring isopropy)

aleshol by the s\rong-acid process in which isopropyi oils were
tormed as by-products (1).

3. MRC Monogr., 18: 223-243, 1977,
36. Lead and Certain Lead Compounds* (Group 3)

Basic lead acetate is carcinogenic in rats and mice after p.o.

administration, producing renal tumors. Lead acetate, lead *

subacetate, and iaad phosphate sre carcinogenic in rats, pro+
duclng renal tumors afier p.o., i.p., or s.c, administration (3).
Other lead salts have been inadequately tested (1, 4). No
studies of arganic lead compounds in animais were available,

An early epldemiological study provided no evidence that
exposure ta lead or fead compounds caused cancer in humans
(3). One prospective study of mortality In workers in lead
amelters and battery plants showed, respectively, 30 and 11%
{ncreased mortality tram all malignant neoplasms (2). The find-
ings were statiatically significant only in the smelter workers.
An excess of tumors was seen in the respiratory, urinary, and

~ digestive systems, aithough none were significantly increasad
when considered alons, A study of tetraethyl lead workers is
inadequate because only workars who remained employed

- during the study period were included (5).

{The Working Group noted that, while human exposure was
mainly to metallic lead, the anima! carcinogenicity data con-
cemned soluble lead salls. Thus, even with sulficiant evidence
I animals, 1ead and lead compounds were classified in Group
3)

. Coogan. P_. Stein. L. Hau, G.. and Hass, Q. The tumorigenic actian of lead
i rats. Lab. Invest., 28: 473, 1972,

_Cooper, W. C., and Galty, W. R. Mortality of isad workers. J. Occup, Med.,
$7: 100=-107, 1978,
VARG MONOQr.. T: 40=50, 1972,
o, N. Experimental studies on tumors of the urinary system of rats induced
bty ctipmvical carcinogens, ACia Pathol. Jpn., 23: 87=108, 1973,
Fobinson, T. R. The haalth of long aervice tetrasthyl lead warkers, J. Qecup,
Med., 18: 31+4D, 1976,

I

a7 WMM (Group 1}

Melphaian is carcinogenic in mice and rate following i.p.
njection, praducing lymphosarcomas, & dose-related incroase
in hung tumors In mice, and paritoreal sarcomas in rats (1),

Case reports of second primary cancers (fmainly acule leu-
kemia) in patlents treated with melphalan have been published
(2-5, 7). Epidemiological studies showed substantially in-
craeased rates of lgukemia in patients treated with melphalan
for multiple myeloma (8) and ovarian cancer (8, 9). Some of
these patients were aiso treated with other alkylating agents
and jonizing radiation; however, sufficient numbers of patients
were lreated with meiphalan alone to implicale it aa the causal
tactor. Additionally, the incidence of acute leukemia in patients
with muttiple myeloma has increased since the introduction of
melphalan therapy (1.

1, Adamson, R, M., and Siaber. S. M. Anlinsoplastic agenta a3 potential
carsinogens. fn: H. Hiatl, J. Watson, and J. Winstan (sds.), Origins of Human
Canzer. pp. 426-444, Cold Spring Harbor, N. Y. Coid Spring Harbor
Lataestory, 1977,

2. B, R, Sullivan, J. A, Fone, D J., and Hurley, T. H. Cltclnolna ot ﬂ‘m
deeast. Qccurrence ahr traziment with mel, for
Aszoe Oft Anal, Cham,, 236, 1808~1610, 1976,

3 Berton, I E.. Abbol. C. R.. Roberts, 8. £., and Anionis, A. H. Acute lsukemis

10

i
!

an;r four yu2rs of meiphaian froetment {or molamore, I, Med. &, 7; 20,
1978,

4. Buskard N. A, Eeyu D A, and Grossman, 1 I"lasms cell Sowkomia
following treal apy and meiphalan, Can. Med. Aexae. J,
117: 7887801077, . .

De Botk. R. F. X.. and Peelermans, M. E. Loeuke:is Hter prolonges use

matphalan ke non-matignant disaase. Lanced, 1: 1208-1209, 1977.

Einharn, N. Acute levkemin atter chemotherany (msiphalan). Cances (Phéla ),

41 444447, 1978,

. VARC Mamogr., §: 187-180, 1975 - -

. Law, L P., and Biom, J. 8 b fas i D with seslipie

myeloma. Oncology (Basel, 34: 20—24. 1077,

. Reimar, R. R., Hoover, R., Fraumeni, J. F., JI., snd Young, R. C. Aovte
lwhmlamum therpy of ovarian cancer. N Engl X Med.,
297:177-181, 1971, '

0o N o o

38. Mustard Gu. (Groug 1)

Mustard gas is carcinogenic in mice, the only species iestad,
after inhalation or Lv. injection, producing fung tumars, and
after 8.0, injection, producing loca! sarcomas (1).

Several studies have shown an incressed morlality from
respiratory tract cancer among individuals axposed to mustard
gas. This mortalily was greater in those with chrenic cocpa-
tional exposure than in thoss with sporadic axpasure {1).

1. JARC Menoge., 9: 181-182, 1978,
38, 2-Naphthylamine (Group 1)

2-Naphthylamine is carcinogenic, producing urinary bisddter
carcinomas in hamasters, dogs, and nonhuman primates and
haepatomas in mice after p.o, administration {1).

Epidemiociogical studies have shown that occupational ex-
posure to 2-naphthylamine, either alone or when presentas an
impurlty in other compounds, is crusally associsted with biad-
der cancer (1),

1, IARC Manogr., 4: 87=111, 1874.

40, Nickel, Certain Nickel Compaounds® (Group 2A)
43. and Nicke! Refining (Group 1)

Nickel subsulfida is carcinogenic in rals sfter inhalalion,
producing fung cancer. Nickel compounds (nickel powder,
subsulfide, oxide. carbanate, end nickelocene) produced Joca!
sarcomas in mice, rats, and hamsters when given i.m. Micke!
carhonyl produced & low incldence of lung tumors in rats
{gilowing inhalation (1).

Epidemiological studies have demonsirated increased inci-
dences of cancer of the nasal cavity, jung, and possibly larynx
In workere In nicke! refineries. It is not possibie, howsver, to
state with cartainty which specific nickel compound(s) is car-
cinogenic for humans ().

1. tARC Monogr,, 11: 78-112, 1876.
42, Oxymetholone (Group 2B)

No data from experimental animal studles were availahia to
the Working Group (1).

Ten cases of liver cell tumors have besn reported in pdants
with blood disorders treated for long psriods with oxy-
metholone alone or in combination with othar androgenic
drugs; however, & causa! relationship cannot be established.
The increased risk of liver ceil tumors could be related to
hepatic damage known to be caused hy oxymetholone. Alter-
nativety, patients with congenitat anemias may be at higher risk
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of developing these tumors, and this risk may Become manifest
during the extended survival resulting trom oxymetholone traat-
ment (3

1. VARG Manogr., 13; 131139, 1977,
43. Prenacetin {Group 28)
Rats fod a diet comaining phenacetin developed nasat and

‘urinary act tumors (2). N-Hydroxyphenacetin (a possible me-

tabolite of phenacetin} producaed liver carcinomas in rats follow-
ing p.o. sdminiatration (1).

Severs! studiss indicate that the chronic abuse of analgesic
mixtures is associated with papillary necrosis of the kidney and
suggest @ relationship between papillary necrosis and the

- subsequent development of trensitionat cell carcinoma of the

renal pelvis (1). These compounds contain phenacetin with
other aniinflammatory drugs Eqﬂen salicylates or antipyrine)
and caffene,

4. LARC Monogr., 137 141155, 1977,

2. ksaka, I, Yoshil, H.. Oimsf, A., Kolke, M., Nagai, Y., Koura, M., Sugivesu,
K, ant Kensbayssiv, 7. Tumora of Spratue-Dawley rats induced by long-
Sarm feeding of phenacetin. Gann, 70; 20-38, 1079,

<44. Phencbarbitone [Group 3)

Phencbarbitone sodium is carcinogenic, producing benign
and raslignant liver cell tumors in mice and benign liver cell
tumars in rats after p.o, administration (3).

A possible reiationship betwgen anticonvulsant therapy in
which phenobarbitone was included and the occurrence of
cancerin humans has been investigated in one epidemiological
study and reported in several case studles. In most instances,
phenobarbitone was given in conjunction with other drugs, in
particular phenytoln (3). A turther follow-up (1) of the patients
from this study (who were hospitalized for long pariods for the
rosiment of epilepsy) showed an excess of braln tumors, gven
wmore than 10 years after the diagnosis of epilepsy (12 ob-
sorved versus 4.3 expecied), and an increase In liver tumors
111 observed versus 2.8 expected). Eight of tha 11 liver tumor
patients receivad Thorotrast, & known liver carcinogan, how-
wver. Furthermore, the origin of the brain tumors in these
patients Is difficult to inlerpret, betause the occurrence may

be due to the underlying medics! condition rather than the '
_grugs per se. No excess of cancers.of any other siles were

seen. In another epidemiological study (2), significantly mare
mothers of children with brain tumors used “barbiturafes’
(unspatified) when compared with the mothers of children with
othae cancers, but not when compared with the mothers of
wnoomal ghildren. The reason these drugs were given wae not
specifically stated (see also "Phenytoin®), '
1. m.d. ad Hnlgtmm 4, I» phenoberbitsl onrehogente? A
Soomw-up of BOTE mpi Satety, 1:457-470, 1978,

2. Gald, E., Gordis, L., fmnscul. .l. lnd Szkio, M. Increased rick of brain
hMM P J. Ratt Cancer inst., 61: 1031~
wnM, 1

n.ucuom 13.157-181 1977,

45, Mwnyl-z-mphthyfamma {Group 3)

N-Phenyt-2-naphthviamine was tosted inadequately in mice
by p.o. administration o; by single 8.c. injection. In a bioirans-
fornntion study, 0.02% of & measured dose of N-phenyi-2-

) \
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naphthylamine was converted metabolically to 2-naphthyla-
mine in dogs (1),

No excess of bladder tumors was found in men in a rubber-
processing factory with known exposure to N-phenyl-2-naph-
thylamina (which contained smali amounts of 2.naphthyia-
mine). However, a differant study of rubber workers {(who were
not exposed to 2-naphthylamine) did show an increasa of
bladder tumoars. In the latter study, the exposure was 10 several
compaounds, which probably included exposure to N-phanyl-2-
naphthylamine. These findings do not permit an assessment of
the carcinogenicity of N-phenyl-2-naphthylamine. Thore is lim-
ited evidence from one study of 18 human volunteers that
0.03% of a einple 10-mg dose of N-phenyi-2-naphthylamine
was converted 1o 2-naphthylamine, a known biadder carcino-
gen {1).

1. 1ARC Monogr., 16: 325-341, 1878,

48. Phenytoin (Group 3}

Phenytoin is carcinogenic in mice after p.o. administration or
by i.p. injection, producing lymphomas and leukemias (3}.

There are casa reports and epidemiological studies of iym-
phomas occurring in patients that received phenytoln (3); how-
ever, no excess of lymphomas was reported in a follow-up
study of epilepsy patients, many of whom received phenytoin
along with other antiepileptic drugs (2). Three recent papers
{1, 4, 8) report one case of malignant messnchymoma and 2
cases of neuroblastoma in children with phenytoin-induced
malformations. An epidemioiogical study (5) lacked at the
frequency of usa of phenytoin and of phenabarbitone in moth-
ers of children with childhood cancers compared with mothers
of normal children. While more mothere of cancer patients
reporied a history of epilepsy, no differences were sean in the
proportion of eplleplic mothers taking either phenyloin or phen-~
obarbitong. An excess of lymphomas (& observed with 4 gx-
pected) was seen in children of epileptic mothers, but the
occurrence of brai'n tumors was not reported (see also “‘Fhen-

.obarbitone*’).

1. Blatiner, W. A., Henson, D. E., Young, R, C., and Fraument, J. ¥, Jr.
Malignani mesenchymoms and birth defects. Prenatal expasure to pheny-
toin. J. Am, M;d Auoc 238: 334-335,1977.

Ci J.. rim-lenssn, 8. s phenobarblital carcinogenic? A
mmwumnm Ecotonicol Environ, Salety, 1: 457=470, 1978,
RC Monogr., 13 201-228, 1977,

. Pendergrass, Y. W., and Henson, J. W. Fetal hydantoin syndrome -and
neurobisstoms. Lencet 2: 180, 1978,

. Banders, 8. M., and Draper, G, J. Childhood cancer and drugs in pregnancy.
Br. Med. J., 1: 717-718, 1070,

. Sherman, 8., wndzomNFull Y ynd and

Lancat, 2: 817, 1078 .

o o o AB K

47. Polychiorinated Biphenyis (Group 2B)

Certain polychlorinated biphenyls are carcinogenic in mica
and rats after p.o. adminisiration, producing liver tumors (1),
A slight increase in the incidence of cancer, particularly
melanoma of the skin, has been reported in a small group of

men exposed occupationally to Arochlor 1254, a8 mixture of

polychiorinated biphenyls (1).

1. IARC Mutogr., 78: 43-103, 1978,

11
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48. Resorpine (Group 3)

Reserpine has bean tasted inadequately in mice and rats by
p.o. administration {4).

Thirtaen case-control studies were avallable to the Working
Group (1-8). Most report a relative risk of batween 1 and 2 for
breast cancer associated with the use of reserpine. Patients
teking reserpine for more than & years had slightly higher
refative risks. in 11 of the 13 studies, the reiative risks were
not statistically significant, although pooling of the studies gave
& summary relative risk of 1.2 with 85% confidence intervals
of 1.1 1o 1.4, The poasibility of confounding due to several
medica! care variables could not be excluded; hence, none of
the studies, either singly or pocled, provide conclusive evi-
dence of a causal association,

1. Armatrong, B., Bkegg, ., White, G., and Dofl, K. Rauwcifia decivatives and
reast cancer in hypommhnvmm tancet 2: B-12, 1976.

2. Aromaa, A., Hekama, M., Hakulinen, Y., Saxen, E., Teppo, L., and mnp“n—

Helkkils, J. Breast cancer and use of rauwolils and othar antitypertensive

Bgents in hyperiensive patients: a nationwide case-control study In Fintand.

Int. J. Cancer, 18: 727=-738, 1976,

Christophar, L, J., Crocks, J., Davidson, J, F,, Ersking, Z. G., Gallon, 8. C.,

Molr, D. C., and Wek, R. D. Amm.thﬂydnuwdﬁud«mumund

traas! cancer, Eur, J, Clin. Pharmecol., 11: 408-417, 1977,

. ARG Monogr., 10: 217-229, 1976,

Kewltz, H., Jesdingky, H,, Bhwdter, P, and Lindtner, E. Rasarpine and breast

cancer in women in Germany. Eur. J. Clin. Pharmacel., 11 79-83, 1977,

Kodlin, 0., and McCarttry, N. Reserpine and bresst cancer, Cancer (Phile.),

41:761-768, 1978.

. Lillenfeld, A. M., Chang, L., Thomaa, D. B., and Levin, M. L. Rauwoifia

derivativas and braast cancer. Johns Hapking Med. J., 139: 41-50_ 1875.

. Witltams, R., Felnieib, M., Connor, R., and Stegens, N, Case-contro! study
of anthypertensiva and diuretic uséd by women with malignant and benign
braas! lesions dstected in a mammography scraening program. J. Natl.
Cancer Inst., 81 327-335, 1978.

49. Soots, Tars, and Mineral Qiis* (Group 1}

»
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+ Soots, coal tars, creosote olls, shale oils, and cutting oils are

carcinogenic in exparimental animals after skin painting or s8.c. .

injection {4),
Occupational exposure to coal soot, coat tar, and pitch, coal
tar fumes, and. some impure mineral oils causes cancer of

soveral sites, including skin, lung, bladder, and gastrointestinal

tract (4). Recent epidemiological data have supported these
conclusions {1-3, 5-7). This effact may be due to the presence
of polycyclic aromatic hydrocarbons in thess matsrials.

1. Andjstkovich, B, Tlﬂbn Ju Symam.. M., lnd Wlllilms T. Moﬂalw o'
rubber r 0 WOTK J. Occup. Med.,
397-405, 9077

2. Decoutle, P. Further analysia of cancer mortality amang workers exposed to
outting il mist. J. Natl. Cancer Ins)., 81; 10356-1030, 1978,

3. Hammond, E. C., Seiikofy, (. 4., Lawther, . L., and Ssidman, H. Inhalation
dnwmwmhm Ann, N.V Acad. 8ci, 271 11&-124
1976.

4. IARC Monogr., 3: 22-42, 1973,

§. McMichasl, A. J,, Spintas, R., Gamble, J. F., and Tousey, P, M. Mortality
mnmmwmwtnmmm A Oecup Med., 18:
178-188, 1976,

8. Redmoand, C. K, Sirobing, B. R., and Cypress, R. H. Canoer experienca
amoqa. coke byproduct workers. Ann. N, Y. Acad, 8ck, 271; 102-115,
1976,

7. Wigle, D. T. Bladder cancer: possible new high-risk occupation. Lancet 2.
B3-84, 1977.

50. Styrene (Group 3)

Styrene produces lung tumors in mice foliowing p.o. admin-
istration, (1, 2).

Three deaths from laukemia and 2 deaths from lymphoma
have been reported in workers exposed 1o styrene, benzens,

12

and butadiang; however, thess deaths canaol be attdiied &
styrene exposure alono {1).

3. 1ARC Monogr., 19: 231-274, 1870,

2. Nalicha! Cancer Instiute. Bl ay of sty for p > Y
Yech, Rep. Sac, No., 183, DHtWhMuuion Ne. wu)'ro-; 741 Ymabtegion,
0. C.: Unitsd States Government Prinking Office, 19

§1. Trichloroethylens (Group 3)

Trichloroethylene is carcinogenic in mice after p.o. adnims—
tration, producing hepntocellullr carcinomas lnd lung tumors
(1.

An epidemiological atudy of montality in men occupationally
exposed to trichloroethyiene showsd no excess of cancer
deaths {1).

1. ARC Monagr, 20 in orees, 1979, - K ) ) LT
82. Tristaziridinyl)-p-benzoquinone { Tiaziquone) (_Gmp- 3)

Tris(aziridinyl-p-benzoquinona (triaziquone) is earcinagenic
in rats aftor i.v. or combinad Lv, and i.p. injsction, prod:ﬁut
varisly of malignant tumors (1).

The 4 aveilable case reporis were inadsquate tnwa!uﬁh o

carcinoganicity of trlazlquone (1).
1. 1ARC Manew 0:-87-73, iﬂ’&

§3. Tris(1-azifidinyphosphine sulfida { Thiotapa) ( Group 2&}

Tris{1-aziridinyl)phosphine sulfide {thiotepa)} is carcinogenic.
in mice and rats after administration by various routes, produc-
ing a variety of malignant tumors (1, 2).

There are several reports and epidemiclogical studies sug-
gesting the development of acute nonlymphocytic leuleamnia in

patients after thiotepa therapy ﬁor ovarian and other m .

tumors (1, 3).

1. IARC Monogr., 8. 85-94, 1975,

2. Nationai Cancer institute. Biosssay of thiotepa for possible carciaagesicity.
Tech. Rep. Ser. No. 58, DHEW Publication No. (NH) 78-1308, 188 pp.
Washifigton, D.C.: United States Government Printing Office, 1873,

3. Reimer, R. R., Hoower, R., Freument, J. F., J., and Young. R. C. Acuie
leukemia stter aficylating-agent tharspy of ovarian cpncer, M. Engl. 4. Med.,
287 177=-181, 1877,

54. Vk;nyl Chioride (Group 1)

Vinyl chlaride is carcinogenic in mice, rats, and hamsters
aler administration p.o. and by inhalation, producing kanors
at severa! sites including angiosarcomas of the liver (11

Vinyl chioride causes anglosarcomas of the liver and! kswors
of the brain, lung. and hemolymphopoletic system ln mmaans
1).

1. WARC Monogr.., 19: 877—437. 1979.

~
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