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APPENDIX C

The following ara responses to soma of those questions received

from OSHA. Responses to some questions have not been furnished ia this
appendix either becsuse they have besn discussed in the prepared statemant
or because of the complexity of the issues and the short amount of time
available to gather and avalusta the data, prepars an appropriate respouse .

and meet the April 4, 1978 dua date for submissiouns to the OSHA Dockat
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Questiocns 1, 2 & 21
The proposal recommeuds that animal studies be used Lo identify potential

human carcinogans. This is quite appropriata. In fact, the purpose of
the Proposal is to dacrease human experimentation, i.a., decreass
occupational exposures to carcinogens. Although there might not be
100% correlation bhatween the effects of chemicals on animals and huma;a,
that is not surprising nor should it discourage us from pursuing our gaal.-
It should be moted that of the chemfcals and/or classes of chemicals that
bave been found to cause cauncer in humans, including: benzidine; 2~
naphthylamine; bischlorcncthylnch-z:‘ chloromethyl methyl ethexr; &4—
¢uinodiph;nyl; N,u—b&a(i—chlo£o.:hyl)2—naphthyluminc; chrysocile; '
crocidolite; amosits; cadmium compounds; chremium c0mpo;nda; nickel
compounds; arsenie compounds; beryllium compounds; benzene; auramine;
diathylatilboestrol; aﬁd vinyl chlorids, all except possibly benzens
have been found to cause cumors in animals (Tomatis, 1976; Newberne, 1975;
Bayliss and Wagoner, 1977; Infante, et al., 1977; Oswald and Goerttlex,
1971). Tﬁnusanda of workers have developed cancer as a result of
expasures to these agents. They have unwicuingly:pravided scientists
with the information needed to make the correlation between animal and

human responsaes to carcinogens.

Another impertant comsideration is the animal species and strain cthat

should be used in the test systems. The degree of correlation bervees eici
species and humans as well as the relative cost in performing the sTudlies a-ntffﬂl,
be considered before recommendations can be made. Obviously, clase gpecias ﬁaﬁ

which have been consistently positive when tested with koown hu=aa
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carcinogens are acceptable. 0f the buman carcinogens mentioned above,
almose all bave been shown 2o be positive in rats and several of them are
positive in mice. Fortunately, these are the mammalian species which are '

least costly to process, and, therefors, their use can be recommended with

veary few or no qualifications.

Soma sciencists helieve, howaver, that the mouse is too sensitive to
carcinogens, and, tharefore, the rat is a2 better model., Implied in this
opinion is that mice will respoud to lower doses of carcinogens than will
humans. Since quantitative data om carcinogen exposurss to humans is
ulnost'nnnroxiaten:, that comparison is impossible to make. The fact that
the mouse is slightly more sensitive to clrcinog.ﬁ: than the rat is well-known
{Tomatis, 1973), howaver, the modal should be designed to protect humans,
not rats. Another argumant that has been frequently used to exclude mice
is that they have a high frequency of spontansous tusors which might be
induced by hormones and/or viruses, and that tumor promotion, but not
‘induczion; i3 measured when that model is used. What the proponents of
that argument fail to reqognizc is that whatever variables are present in
mice might also be present ;a humans. Euman tumors might also be induced
by yet unrecognized viruses, and hormoues certainly play a role ir buman
carcinogenaesis (Furth, 1975). It is not unreasonable to expect that the
mechanisms of carcinogenesis operative in mice might be identical to those
in humans, for example, bhumans have no zymbal gland. It is certainly
possible that many carcinogens in humans are in fact co-carcinogens. There

is no mechod to determine this with any degree of certainty in humans.
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Question &

It has baen estimated that occupational cancer represants about ome to
five percant of ghc cancar cas‘s raported annually in the Unitaed s:;:.;.
We don't know how valid che estimates are of the total incidence of
occupational cancer. We know that theza are 2 significant number of
occupaticual cancer cases @.g., from Z-naphthylamins, asbestos, .
arsenic, vinyl chloride and this aslone justifies vigorous preventive

action.

Since mumercum studies (vinyl chloride ~ B(a)P, Maltoni and Lefemina, 1975,
Bingham and Falk, 1969) ecc., have proven that & dale—respot;se ralationship
i3 evideant in tha ares of carcinogenssis just as in other areas of
toxicology, it is readily apparent that positive Yesults cbtained at high
doses indicate th'a: lower risks are to be expacted at lower doses. The
specific linf{tatiomin eséml:ing the lowsr risk factors are inherent in
the specific limftations of the data gathering system. Such factors as
aninzl mmbers, nunber of dose lavaels, confideance linmjits and other factors
mist be considerad in properly evaluating the dose-~response relationship.
In addition to a soclally accaptable value of risk, the establishment of an
absclute valus of risk, rather than a relative value of risk (Subcommitree

on Environmental Mutagenmesis, 1977) is mandated by the 0SHAct in regazd to

o'ccupa.ci]ml uxcinoga_nuis .
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k S ggc;tion 3
a. The first direct connection betwean an occupaticnal axposure
a#d risk of a specific cancer was that ¢of chimney sweeping and
cancer of the scrotum pointed out by Pott in 1775. He rscognized
this association because ha saw saveral affectad chimnay sveeps
but litzle or none of the disease in persons with other oceupations.
The diseass was excesdingly rare in the general population, and the

risk ratio for chimuay sweeps was quite high.

About 1880 Eirting aud Haesas showed that "mountain disessse" was a
lung necplasm. This condition was recognized as an entity in the
Middle Ages beacause of its frequent occurrence among young miners despite
the rariry in the general populacion. In 1895 the German surgeon,
Rehn, published on the hazard of bladder cancer among dye workers.
(’ : _ Rehn's association was based sot on an exceedingly high risk ratio
but rather on the absolute high frequenﬁy of the diseage amoug

exposed persons.,

During the past several decades instances of occupacional carcinogens
have continued to be recognized both on the basis of an extremely

bigh risk ratio and a high incidence rate smong exposed persons.

The followlng tables show various agenrs which have been identified as
occupational carcinogens on the basis of epidemiologic studies and

confirmed and suspected carcinogens by target organ.
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* TABLE |
Classificatlon of Occupational Carcinogens

. A Qsganic sgents” ) :
- ’0 . -
1. Aromatie hydrocarbons

Incubaticn
. Agents Affccted organ(s) peried (years) Riskratlo Occupation
Coal soot Lung, larynx, skin, 923 26 - Gashouse wurkers. stokers,
Coal tar serotum, urinacy bladder and producers; ssphalt,
Othez products of : -coal tar, and pitch workarss.
coal combustion coke-oven workers: miserss
. still cleaners; chimney
; - sweeps ,
Petroloum Nasal eavity, larynx, . - 12230 24 Contact with lubricating, 3,
Petrolaum coke lung, skin, serotum ’ cooling, paraffin or wiz
Wax fus! oils, or cokes red>ber 4
Creosote fillers; retortmen: teasde
Antheacene wearers; diesel jat teszeex
Pirafin .
Shale
Minera) oils
Benzens eukemi §-14 23 Explosives, benzena,
nzen Bone marrew (1 ia) ' 1 o Fubber "
< distalers s

* Philip Cole and Marlene Goldman, Chapter 8-0 .
“Persons at High Risk of Cancer"', edited by J. Fraumenic, Naticr=al Gt

Institute
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B. Inorganic sgents (continued)

1. Metals (continued)

Incubation ' '
Agenis Affecied organ(s) psriod (vears)  Risk ratio Oczupation -
Jron oxide . Img.l:;yn: - .25 Iron ote (hematits)
. _ miners; metal grinders and -
polishers; silver finishers;
. from foundry workers
Nicke! Nasal sinuses, jung 3.30  S-10Qung)  Nickel smelters, mixers,

100+ (nasal and roasters; electrolysis
dnuses) workers .

2. . Fiben .
Asbestos Lung, pleural and T 480 T 1512 Miners; millers; textile,
peritoneal mesothelioms . loslation, and shipyard
- . . ~+ wozkers
3. Dusts
Wood Nasal cavity and sinuses 3040 - Woodworkers
Leather Nasal cavity and sinuses, 40-50 $0 (nasal Leather and shoe workers
. urinary bladder sinuses)
) . : 2.5 (Sladder)
C. Physical sgeats ) .
1. Nonionizing radiation '
Incubation )
Agents Affected organ(s) . pericd (years) Riskrado -~ Oceupation -
Ultraviolet rays Skin vacies with - Farmers; saflors
skin pigment
and texture
2.  lonizing radiation ) 1
. Xa:;ys Skin, bone marrow 10225 3-5 Radlologists; medical
Qeuksmiz) personnel
Umnium Skin, lung, bone, 10-15 3-10 Radiologists; miners;
Radon bone margow (eukemia) * radium dial paintess; radium
Radium chemists .
Mesotherium .
3. Other .

Hypoxia Bone - - - Calsson warkers

!

L4

(v
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Table 2 Confirmsed and suspectsd occupational cascinogens® .

by target organ.
Qeeupational Cartinoger
Target Organ/Tisue  “Confirmes Suspecied
Bone Berylium
Brain Viny! Chlorids '
Gastroentesic
Trast Asbestos
 Hematopoietic  Benzene .
Tissue Siyrene Butadiene and other
(Jeukemia) Rubber Manulacturs
Substances .
Kidney Coke Oven Emissions Lead
. Larynx Asbestos, Chromium
Liver Viayl Chlotide Aldrin
Carbon Tetrechloride
Chloroform
= ' DDT
. . Dieldrin
. . Heptachtor
PCB’s
. ' * Trichloroethylene
Lung - Arsenlc Beryllium
Asbestos Cidmium
Bis (chlioromethyl) ether Chlotoprene *
Chloromethyl methyl ether  Lead
Chromates
Coke Oven Emissions
Moustard Gas
. NMickel
: Soots and Tars
Uranium
Vinyl Chioride
Lymphatie Arsenlc
Tissue . Benzene
Nasal Cavity Chromiusm, Isopropyl Qil,
) Nickel, Wood Dusts
Pancreas Benzidine
PCB"s
- Pleural Cavity Asbestos
*  Prostate Cadmivm
Serotum Soats and Tars ;
Skin Arsenic Chloropteae
Coke Oven Emissious
Cutting Qils
Soots and Tars
Urinary 4-Aminadipheayt Auramine
Bladder Beazidine d-Nitradiphenyl
B-Naphthylamine Magenta

*Occupational Diseases - A Guide to their R.ecogmtlon - U.S. Department of

Banl+sh  BAueation and Welfare - NIOSH_
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Tabla 3 Suspected c2

.

reinagens basad upon structural similarity
to vinyl chloride.

&"m 7 Sm'aezure
Vinyl Chloride H,C=CH
. a
Bromoprene H,C=CHCH,Br
Chloroprene H,C=CHCH,Q
ﬁpibmohydrin H,C: c;"r{...cg ' Br
" : . 0.
Epichlorchydrin K,C\-SH—CH,C!
. 4}
Perbromoethylene Br,C=CBr,
Perchloroethylene a.cC=Ca,
Tribromoethylene Br,C=CH
Br
Trichloroethylene CLC=CH
a
Styzene (Vinyl Benzene) HC=CH
Vinyt Bromide H,C=CH
Br
Vinylidene Bromide H,Cm g Br
4
Vinylidene Chloride H,C =€1 a
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b. No ona study approach caz provide all or aven most of the needed

health information. While apidemiologic sctudias o tha oc:up'n't:.oml

setting have the potential to deaterming effacts af long term low ltVni

exposures, the difficulty in making quantitative esatimatas of present

exposuzres and the even greater probles in determining past exposuras

wakes it hard ta obtain accurate doss response data. On the othar hand,

while more accurate dose respouse data can be dsrived from toxicological
. scudies using experimantal agimals, one is always faced v‘i:h the diffi-

culty of extrapolacing results from experimental animals to humsns and

often with the additional problem of extrapolating from dbserved highar
dose levels ta lover dose levels. However, when the two study approaches
are utilized in a coordinated way, benefits of each approach can be
maintained and many of the individual methodological weaknesses can be

avancone.

The following table shows these strangths and weakneasss.

W
i
3
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Table 4%
" DISCIPLINARY APPROACUS TO UEALTII EFFECTS OF.AIR POLLLTION
Disriptine  Papuletion studied Stevagtds Naolnasers
Epidesnislegy Cemmuaities Nuturs] exprsures Quastilying exposare _
Disezsed Chservalion in man diSeult -
groups Neo estrapetations Many cosasiates -
ulnershle groups Mizimal desa 1e1ponsg
Inchudsd data
Lang term, lowlevel Asscciation v caysation
eflexts eraluated Cas only make faw

.. ' . Stady mawy pevple heslth meusorements
. . ) . Lesg latent peviods . N
: : for disonsn & prablem . °
. Tezlcsloyy  Animals Yasy 1o obtain

Blochermical dosgtespemsa data lw:uu m:‘ . )
systams Rapid daca.sequisition Ezteapalation frem

Cella Cansecllec: ewore animals te mam . ‘
definire Threbold of buman

Mechanivmg of response response?

Predict shapes of dose  Arvificial cxpossres
TeIponse curves e e .

P {
Admiatster tozie materizis . e
Sindy aeute and chroule — e, ot -
“m i
I
. !

*pr, Carl "Strengths and Weaknesses of Epidemiological, Clinical
and Toﬁm?:’grical Study Approaches,” Chemist/Metcorologist Workshop .
1975, U.S. Energy Research and Development Administration
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.The impact of epidamiologic sctudies in cancer research, such

as the studiss on cigarstta smoking and luag cancer, prompted a racent
tobel. Laureata to proclaim thesa studies as the major gefancific

v

£inding of the 20th century.

It is doubzful that the impact of smoking on lung cancer incidence

would have been known 1if research had been limired solely cto callular

and wholk animal scudies. . Although sgents contaipned in ciga:ﬁ::n smoke

bave been shown to induce cancer in laboratory animals, tha sum of che
carcinaganic effects of the known agents does not .cqu.al't!u: of the
gizarocta smoke condsunsate. Particular dif!icul:y has been encouncered
in inhalation studies of cigarects suok; on laboratory animals becauss
the animals, particularly smsller spacies such as the trat, frequsatly
die from the acute toxic effects of cthe nicotine and carbon monoxide in
tobacco smoke. Another problem stems from the fact that the upper
respiratory tract of experimental animals, particulaxly the nose, is
much different from amalogous human s:ructﬂres rveagulting in a more

efficient filtration of smoke in the upper respiratory tract of these

animals,

There 1s uounting epidemio;égic eridance from a series of
occupational healch studies incriminaring benzene as a possible
leukemogenic agent. Thus far, no apimal studies have been able to

demonstrate this effect. Similarly, the carcineganic activicy of

AP00047940
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arssnic !us been demoustrated through spidemiologic but not by
roxicologic studies. If raliance werse placed sclely on cellular and
nni&al tasts, then the importance of benzena and arsenic as

{
ga'r.v:c:inolswic agants would presantly be unrecognized.

: ording t£o. Sir Austin Bradford Eill, wore waight must be given zo
p’ sitive a8 opposed to nagative studles., Negative epidemiclogic
L:udin;{ particularly in cancer, caunnot be construed as providing
/ !irtr";vidm- of safary. This is because of the problams of latancy
and the small number of pacple often observed in cpidmi.ologic
c:z:inosu‘ﬁic studies which often praclude demonstration of staciscticzally

significant diffaevences.

d. If the appropriate steps are used in epidemiologic research, t;:en
descriptive studies have the potential to identify unusual clusters
and high visk individusls for subsequent study which should thern limit

the number of negative studias.
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Quastion 6

.It has been customary to rely upon animal studies in the absence of human
avidence £o:.a cazeinogenic assessment of chemlcals. An examination of the
litsrature 'and of the experience in this method of approach revials }hac

animal data can be satisfactorily used a8 a predictor of human respounse.

The development of the vinyl chloride study, the coal tar/coka oven

emission studiss and various other examples illustcrate the pradictive value

of animal bioassay methods.

In addition, the correlation between species with certain carcinogens
such as benzo(a)pyrere, bischlorum;:hylc:hor,:aninodiphanyl, benzidine,
viayl chlorids, ete., hive been in excellent agreement, even though the
target tissue may differ among the species tested. In the case of
benzo(a)pyrene, nine apecies of animals have been tested and all found to
respond to this widaly tested ubiquitous carcinogen. (Survey of Compounds

Which Have Been Testad for Carcinogenic Activity -~ NCI).

If the responses of animals to koown humsn carcinogens are examined 1t
becomas obvious that all human carcinogenic chemicels, with the possible

excaeption of arsenic and benzeﬁa; are.also cazcinogenic for animals.

The inhalation and percutanecus routes of exposure are the obvious routes
of cheice in experimental carcinogenesis studies when considering

occupational axposure to chemical carcinogens. These routes are also the

~ AP00047942



choica when couvsidaring experimental design of studiaes to investigatas.othaer
toxie agants. However, it is well koown that clmarance frem both the upper
airways and the deep lung involves ths mucociliary escalator in which ;
naterials are cleansed from these aTteas and usuilly find their way into thae
alimantary tract, in llieu of expectorasion, Therefore, the oral roucc-of
adninistration via eithcr‘ltouxch incubation, for purposes of exact
quancitacion of dosae, or through consumption of food or water containing

contaminants, ia a perfectly adequate route of adminiscration to test the

‘eareinogancity of chemicals and complex mixtures found in the occupational

anvirontent.

ﬁnhalation is usually the preferrad route of & adminstracion ln animal
studies for judging the carcinogenicity of airborme substances; Because of
the axpense of this type of astudy and methodologlc difficulties, other
routes, especially ﬁe: oral, are used. In the usual case, thia route gives
valid, extrapolatable information, but each case has to be considezed
individually. Similarly, other routes, e.g., topical application, give
useful information. Injection site sarccmas by themselves, praobably do not
indicate carcinozenici:; by other exposure routes. Thay may indicate

specific bazaxds in the event of accidental implantation of the substances.

The validity of using the maximum zolerated dose in rodent bloassays has
been discussed and dabated for a sumbar of years. It 1s appropriate to
mention thar the National Cancer Institute as well as other agencies such
as NIOSH, FDA and EPA coutinue to cousidar this as an appropriate approach
in experimental bLoaﬁsays. The reasons for this cholce are obvious when

considering economics and the probability of response.
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juestion 10

Prasent knowladge does mot permiz development of a consistent andrra:ianzl
basis foi dacisions on additive and synergistic effects. Complicating this
problem is the ﬁuution of promoting agents and co-carcinogm,'wi'dnly and

variously used terms withaut the same meanings te everyozne.

Additive effects should be assumed whean two agents cause cancer at the

sama site, espacizlly wher the two agents alsc have chemical similaries,
such a5 PN's oy arcmatic amines, Synergistic affects should be assumed
oculy when thare sara data or principles suggasting in the specific case that
potentiation is likaly. Similarly, co—-carcinogenicity and preomotion should
vot be assumed except in a specific ease where there are data or principles
that apply. In clearcut arsas invoelving-personal.babits.sush as smoking,
counssling of workars should be called for. Other areas of personal habics,

such as diet or lifestyle, should noﬁ be considerved in this proposad

standard, at least until the issues are clearer.
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Quaations 13 & 16
Questions 15 aod 15 are clesely related and will be answared together.. The
problﬁ of additive and symargistic effaces is extremrely difficulet to |
assass with available scleantific methodologias, either toxicology or
epidemiclogy. To dacte, the scientific communicty has not adequately §ealt:
with this problem. Toxicalogy and epidemiology both provide valuable
information abour carcinogenic risk. The problems of additive (or
antagonistic) and synergiscic effects do not make dose~response data in
tast animals irrelevant. Epidemiology and toxicology have both strengths
and weakuesses. Eowever, by combining two machodologies, im this casa
toxic.olugy and epidemiology, it {8 often p;:lss:l.bln to overcome some of the
wu.knu‘!l‘es o:‘. each individual mechedology, yet recaining their strengths.
From this point of view, corroborating data on carcinogenic rTisk from both
epidemiology and coxicn]:ogy provides ch§ nost defensible data as to
carcinogendc risk., Most toxicology studias assess effects of gingle
exposures., Lt is virtually impoasible to artificially generate an exact
replica of the complex workplace enviroument in any toxicologic experiment.
One of tha greatest atrengths of the epldemiology approach 1s to cbserve
the effects of this complex anviromment directly in man. However, unless
the possible synergistic or additive effect 13 speciflcally tested either
epidmioi.osically or toxicologically, it is iu;posaible to assasgs the
importance of such interactions. In the final analysis, though, health way
still be protected even if precise information om interactions is mot
available. This is because a given compound in a complex miztura may often
serve as an index, which when controllad, will alsc rasult i{n decreased

exposure to all compounds in the complex mixture. The situaciom with coke

aven emissions 1is an excelleunt example in thls regard.

AP00047945
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Quescion 19 /
Latency refars to tha long pariod of camcezr induction. Because of the
uncartainties in identifying t:hc'g specific time or event in the g,n;ua of:
the cancer and the unca:tunq,’;s Ln_f:l.dnnc:l..‘.yinz the cancer itself, tha tarm
latancy is not precise, It ;:,auuy{ is taken to be that interval between
the first knowa exposure to ¢ cancer-causing substance and the t:.:a‘c
evidence ¢f the consaquant cu{co:, which 1is often at autopsy.

f /
Whether the camcar process :La i.n:l.l:.:‘..ntad by the first exposure is not known;
it is ganerzlly thought that the procass is initiated by the effact of
repeatad «xpossres, but thare are u:.icma.l. bases for suggesting that any
oue of these rfpu.:cd exposurss may have baen the initiating event. It is
conceivable thar both idaas ara correct, for example, it might be that the
cancar is initfated by one exposure and is enhanced sufficiently by
subsequant expasures to Progress to ensugh overt cases to constitute a
statistically significant exceass (whether in an epidemiologic survey or an
experimental amimal investigation). However, this speculation should not
obscure the point that ]:a:eacy is an imprecise term referring to the many
years required for tha davelopment of most cancers to the point thay ars

observed aund is defined more precisaly in specific Iinvestigarions or

-

surveys for the purpose of that study.
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I According to a report from the DHEW Subcommittee on Envirommental
Mutaganesis (1977), mutagenasis (short-term or in vitro) testing, in
addi:icq.co providing valusble {nformation on the risk to :ucur;

genarations, can provide valuable information regarding other :oxicolog.ical
manifastations. Examples are cited stating that there i3 an "apparcﬁ:
relatlonship betwean carxcinogeunicircy nnd-mutagenici:y“ (McCann, et al.,
197%; McCann and Anq,, 1976). Howaver, the pradictive value of ahcrt—éerm

mitaganicity tasts fag carcinogenizity is currently under iavestigation,

i3

involving oumercus.efforts cto sssess the use of short-term mutagenicity

tasts.

.

The Subcommittee Reaport goes on further to state that the utility of
mutagenicity test procedures for screening of chemicals for somatic effect,
r . for exampla, carcinogenicity is not predicated on the assumption that the
) effact is due to murations in somatic cells; but "the ewmpirical
. " demonacration of a high correlation between mutagepicity and the affect of
concern (ca:cinogeuasi;) iz a sufficient basis for establishing a role for

mutagenicity testing as a predictive tool regardless of the maechanism

iovolved."

There is widespread belief smong iovestigators in the cancer area that DNA
damages is involved in the induction of cancer. This is the basis for the

supposicion that carcincgens might be detected by the consequences of DNA

damage in gimple sysctems (Bridges, 1976).
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Short term or in vitro tests that have had some cesting for validacion purposes
included thasa rafaerencad by Bridges (1976). Many other validation tasts

are ongoing (DeSerres, 1977; Dunkal, 1978). Raeports are availabla’

coumenting on the state of the art status of in vitro testing for

carcinogenesis (Casto, 1977; Xouri and Schechtman, 1977; Conservation

Foundatiom, 1977).

For sciantific purposes, justification of che use of short-term ctests for
the pu:po.sc of scraenizg th_cusuda of chemicals for their suspected
careinoganic activity and for the purposa of prioritizing thesi chemicals
for long-term animal bioassay, appears to be adequate. Hﬁvacr. the
original fntent for utilization of these tasts was only £for these two

objectives and not for use as a confirmational tast for long~term animal

bioassay.

It {3 inappropriate at this time to attempt Co substicuta a short-term test
for a long—-term animal biocassay for at least two reasous:
(1) Validation procedures are not complaeta and correlations

betwesan the test systems have not been adequately performed; and

{2) The outcome of the short-term tests as compared to the lomg-term
biocassay are not biological equivalents. In one case the end point
is mutagenesis, in the othar case, carcinogenesis. Howaver, one

(mutagenesis) may oftan cause the other (carcinogenesis).

AP00047948



. E B e

‘It bas also been observed that a carcinogen does not always produce fumors
in the same orgins gn all species. The mouse liver responds more readily
than most other tissues with most of the carcinogens that have been tpscad.
Yt it is still predictive for cancer at other sites in other spacies,

including wan (Tomatis, 1973; Newberne, 197%).

Anather consideration in evaluating a predictive model for human
careinogens is the route of administration. Alcthough the route of
adniniscéation night not be important in detarmiming whecher or not aun
sgant i3 carcinogenic for rasearch purposas, it is importantc. from a
praveniive health standpoint. To properly evaluate carcinogeniecity, the
suspect agents should be administered to animals by the same routes as
hunans are exposed, namely, via the lungs, gastrointestinal tract, dermally
aﬁd in some cases intramsaecularly, 1n:=aderpally'and subcutaneously. The
latter conditions would apply, for example, to those agents such as metal
fragments that might become embedded in skin or muscles. In industrial
exposuras to barticulacgs, oral exposures ara frequently a2 important as
sulmonary exposures in as mach as the particulates that are trapped in the

uppar respiratory tract are usually swallowed.

Although in the above discussions chamicals have besn sivep primary
consideration as carcinogens, some consideraticn should 2lso be given to
physical sgents, e.g., ultzaviole: and infrared irradfation and heatz. To
exclude physical agents from consideration in the regulartory process is
unwarraoted. To exclude any agent on the basls of its proposed mechanism
of action i3 also unwaxraﬁ:ad, sinca the mechanism is not being regulared,
but instead the agent. It is, therefore, recommended that paragraph (1) in

section 1990.111 ba deleted from the Proposal.

g
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‘Quaseion 31

In thea attempts to davelop models for predicting humaan carcinﬁg.nl

prolonged dabates have centered around the type of Alqsion in animals that .
must ba induced bafore a chemical can be called 2 carcinogen. Particular
attantion has besn given to the mouse hspatoma (Butler and Nawberne, 1975).
Some scientists beliave that most mouse hepatomas are not cancers h;;ausa
they do not metastasize, and imply that the mouse hepatoma is, therefors,
not predictive. Thia argument is {llogical. In the first place, not ail
hepatocellular carcinomas metastasize in any species studied, yet they aras
frequently responsible for tha death of cthe hosts. Of 33 wice that died
luh:e&uanc to chronic axposures cd 4—dimethylamincazobenzane, 71Z7 died as a
rasult of hepatocallular carcincma (with ascites and/or atnemia) yet
pulmonary metastases were infrequently observed (Gellatly, 1975).

Metagtases ars observed in humans in only approximately one-nalf of patients
with hepatocellular carcinomas (Robbins, 1975). In the sacond place, even
the spontanecus hepatocellular carcinemas in mice seldom metastasize., In
fact, very few of any of the spontanecus necplasms in mice or rats ever
metastasize, In this way, rodents are more resistapt than humans and possibly

are Dot sensitive encugh to the induction of cancer as we krow it

in humaps. The reasons for that might also be exp;ained an various factors
that modify the ability of tumors to maetastaslize (Fidler, 1975). Thirdly,
for predictive purpesaes there is no reason why the rodent tumors need
metastasize. There need only ba a correlation between cancer in man and a

neoplasm in animals, and this has already been demonstrated many 'times.
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