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PART I

INTRODUCTION

1, THE PROBLEM

The specifio problem is to ascertein whether or not o rola-

tionchip exists beltwsen the
/ e
pul}nonary_cgnoar,,

nhelation of asbostos dust and primary

i
\\‘ e et e e e e - ———

2. GEIERAL REMARKS

The rapid inorsase in the incidonce of lung cencor during

tho past thirty years has becoms the subject of a great deal of

oritical study and spoculation, HMany investigators contend that
—_ e

this increass is merely apparent and can be oredited to a shift in

the age composition of our population in recent decades, to better
diagnostic facilitios, and %o a keemer appreciation by the lay pap-
ulation and medical profession concerning the importance of early

detectlon end treatment, Others maintein that the increass iz real

and oceused by the presemoe of new oarcinogenic factors in our en-
vironmant, many of whioh are of industrial origin, This concept

of cocupationsl lung cancer receives soms indirsct support from the.
fact thet the majority of new ocooupational cancers involve the
r:gpirajbory,ﬁ systsm, Some of theso cancers have bean traced to cer-

tain chemical or physical agents, In consequence, there is a grow-

ing tendency to incriminate many other agents irrespective of the

lack of clear-cut evidence %o prove their carcinogenic capabilities,
——— e et = '\___‘_____.___———\_____\___v_
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Evidence regarding many of them, howsver, elthough frequently con-
\..__\

telted; is sufficiently serious to warrant extensive e;_»_:l_.demiolog_i_ia_l

and experimental investigation, Asbestos dust is in this category
R SR Lt s vy —— \__‘

(Hueper, Lynch, Herowether, eto.) and the asbestos industries in

Qusbeo are in a unique position to pursue these epidemiological in-
vestigations,
PART IT

EPITEMIOLOGICAL INVESTIGATIONS -
S ——— N,

3. It is psrtinent tc point out hore that such investigations ore
indeed oomplicated and demand the most considered design lest
in final analysis the results obtained will have little significance,

For example, the incidonce of pulmonary carcer appears to vary geo-~

I~
~
3
Q
\
<
Ny
graphioslly and racially, A statistical study of a series of indi- Q!
viduals exposed to asbestos must bs controlled, therefore, by a >
eimilar study of individuals of similar geographisal distributicn &
and racial type, and of the sams age end sex, not exposed to asbes- >‘(
tos, Since the incidence of detectsd pulmonary cancer veries with N
AN
the degree of effort applied in detection, both groupa, tho exposed %

ard non-exposed, should ba studied by thoc same technique end perhaps

i
v,
even by the same perscmel, As it is not possible to examine = G
large populat:!cg_by'_exhauative tochnique‘s such as biopsy, sputum ,,i

T

examination, and bronchinl washings, it seems most practical to osrry

out the proposed statistical study essentially as an X-ray survey, \

-2-
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N

Vhen the presence of neoplasm in en individunl is suggested by this
teochnique, he should be further studied with the purpose of esta-
blishing or excluding this diagnosis with certainty, Other fac-
tors suspected of being carcinogenic, such ss oigarette smoking,
may constitute varlablee within the population to be studied, In-
formetion as to these variables must be obtained as well as infor-
mation conoerning exposure to asbestos, I% appears that clgarette

smoking is the most prominent varisble factor in the epidemiological

N am——— s

study proposed, Other suspected factors such as atmospheric hydro-
oarbone would be esszentially constant for each group of individuale

in the same geographic area whore asbestos is being mined,

4, In view of these considorations, it is suggested that only cer-
\—

tain phases of tho epideminlozical study be undertakon at this

time pending the advice and recommendations of those with a wide

N———— e

o:\:porignqe“_i_.g_ the conduct of such etudiss. Agencies with this ex-
perience are: the Medical Ressarch Councils of Canada snd the

United States, the cancer societies of bc;th countries, the respec-
tive tuberculosis societies, the lational Cancer Institute of the

U, S, Public Health Service, and the Sloan-Ket ering Institute of
\/\__,/"\_/'

]
ijsz‘rL ady/ce T YVEC i m@«e/o)‘n-,., ¥

the Cencer Memorial Hespital,
N——— T

N

S. The phases of the epidemiological study which might be under-
taken immediately include the clinical snd statistical data ale
ready available for employees in industries such as those at Thet-

ford and Asbestos, where routine physical examination and chest

-3n

Vid

S A

——

be Sirs wé/f“'-t‘f( Then make
fuwe -~ //n,, /e
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E-rays have been stendard practice for yearas, In essence, thie

progrem should include scrutiny of all-modionl -records, of chest

roentgenograms of gll employees, of autopsy protocols L

dsa tificates for evidsnce of malignamcy. It should Le pointed

out that statistical calculations relying on cliniocasl records or

on death certificates based on clinical diagnosis mpy contain s

wide range of error in the fundemental matorial and may be unre-

liable as to the abesoiute numerical conclusions reached, Simi-

larly, eutopsy protocols may represent only a highly selestitve

sample of the total mortaliiy and may constitute, therei’orls s &

waighted index of the incidomce of cancer in subjects expossd to

asbestos dust,

PART III

EXPERIMENTAL INVESTIGATIONS

6. The Saranec Laboratory with ite background of study ooncerning

chronic pulmonary disease, especially that resulting from the

inhelation of industriasl dusts including asbestos, is uniqualy \‘?j
qualified to pursue certain phases dealing with the problem of as- -3

NI

bestosis and pulmonary cancer, X

v

7. For purpoge of campleteness and general informaticm, certain \(‘ ;

‘ -

brief comments seem justified for guidence in the design of the \\ (
experimental approach whioh we propose. L
3
X

™~ [ é
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A number of experimsntal methods may be employed to test
the capacity of asbestos to produce cancer, It is desirable to
keep in mind, however, certain facts concerning asbestosis which

affeot the selection of the method:

(1) gsbeatosia is a chronic pulmonary digease resulting

from the deposition of asbeatos fibers in thec lung;

therefore, the experimental msthod amployed should direct em-~

phasis on the lumg,

m———

(2) The woight of evidonce ie that asbestos fibers pro=

duce their irritetion by & mechanical rather than by

e

a chemical mode of action. The m3chanical action is intimately

related to the movement of the lung during respiretion, Thus, an

experigggig}wggthod which neglects movement of the lung and thore-

by excludes the mechanical action in all probabilivy'wculd be

e v s e, .

highly inconclusiva and subject to criticiam.

s omptma——

{3) Asbestosis is a digease resulting from widespread dis-

senination of esbestos dust in the lung, Reliable

oonoluaionu 1n an experimontel investigation with asbestos cammot.

o g 10

be drawm solely from exuerimcnts with the 1ntratrachea1 injection
\-‘

technique whereby a high concentration of dust becomes localized

in a restricted portion of the lung and stimulates excessive focal
irritation, Vhen the asbeatos dust is introduced into the animal
in that manner, the injected dust may miss certain potentially

cancer-producing sites in the lung which are remote from the
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loocalized ares of implantation of dust, It is further possible
for the exceessive focal irritation, which ie not & characteristie
feature of human asbestosis, to induce pulmonary cancer which
would not have developed had the dust been umiformly distributed

throughout the lung, Thusg, ths tracheal injsction tochnique\w
\

alone might lead to unwarranted conclusions, The intratracheal

‘method has been used for cancer studies by a number of investiga- |
tors, probebly bacause of the relative diffioculty zad tsdiousness L
of methods involving inhslation of tho potential carcinogen, Tho ﬂ
inhalation method, howevor, has been employed by eminently recog- /

niged investigators of caroirogenic agents,

8, In passing, it might be said that lung tumors can be produced

by numerous means in susceptible mice, i,e,, mioce posseasing

P

the tendency to develop tumors spontanecusly, Some of the methods

garnered from the literature ares: ropsated epplleations of coal

tar to the skin; suboutaneous injection of oarcinogenio hydrocar-

bons; intravenous injection of serum and charcoal dispersions of

oaroinoganic hydrocartons; feeding large doses of dibensganthracene;

and introduction of carcinogenic hydrocarbons into ths rectum,

vagina, peritonsal cavity, or pleural cavity, For explanatica of
the ocowrrences of lung ocancer following such methods, it has been
suggeeted that the introduction of carcinogenic compounds into

the body of the mouse altere the body state so that tumors arise

at points of incidentel irritation, The more plausible explanation

advanced by certain investigmtore is that the lung tumors are pro-

-6-
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duced because very small smounte of the carcinogenic agent leave
the site of application and come in contsct with extromely suas-

oeptible alveolar epithelivm, If this is trus, it is unlikely

that such methods could be used for investigation of cencer and

~ e,

asbastos, a duat which r@maina wutnin pulmonary tissue, which is

not transported qystemically as are soluble chemical agents, and
—— V ) T T S ey e et Ay e e T

which produces ite 1rr1tauing effect by a machanical rather than

s o— i s——— ot .
- [P ARE S Y N ELi B g 4 — o oy

by a chemical modo of action.

i o
e AT E

e

9., Reference hzs boen nmede to inbrod egtrains of mice ih which the
spontaneous occurrence of tumora of the lung is a charascteristioc
featuro., Strains are available in which tho incidence of egpontanecus

lung tumors is accuretely knovm, In soms strains the incidence is

low, so that an increase in the incidense after an experimental pro-

cedure is easily detoctable, Other satrains with high incidence of

spontansous tuwore are suitable to dotermine whother the prosedure
has caused tumors to appsar at en carlier age and whether the number
of tumors per mouse has been inecreased,

The susceptibility of the pulmonary tissue in selected in-
bred strains of mice is such that they serve ae oxocellent test ani-

mals for checking an alleged extrinsic ocarcinogen such as asbestos,

A reasonably delioate assay of the potency of asbestos as & car-
Ne——

cinogon is posaible beoause of the unique multiplicity of tumors

JUN - ot A ——

—

formod

o roie o sm e
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PART IV

>

. B ! ”"--———_—__————\\
o QQPOSED EXPERIMENTAL INVESTIGATION:

10, METHODS TO BE EMPLOYELD

In view of the oonsidorations mentioned in the preoeeding

paragraphs, the Saranac Leboratory proposes to conduct an expori-

mental investigation employin@xe inhsalation method and also, for

supportive evidenod; the intratracheal injection method, Two

groups of pure inbréd strain mice will be used, i.,e,, tho low

spoentaneous lung tumor "strain C 67 black,” and the high lung tumor

Ystrain A" (obtained from tho Roscoe B. Jackson Memorial Labor-

atory). The snimels of each group will be divided into subgroups,

equivalent as to sex, age, and weight at the time of inauguration

of the actual experiments, After mixing, part of each subgroup

will be oxposed to atmospheric suspsnsions of long-fiber asbestos

dust of contrelled concentrations; part will be injeoted intra-

trachenlly with measured amounts of the dust suspended in sterile

normal saline; part will be sst aside in normal air for controls,

Each animel will be numbered and a separate record will be kept,

Aninmgls {rom each subgroup will be sacrificed at intervals,

—_—

———

end the other members will be permitted to live out their natursl

life span, Aftér death the lungs will be fixed by intratracheal

e

injaotion of Zenker's formal or formalin solution., Sections passing

transversely through both lungs and the mediastinal structures will

be prepared for mioroscopic study,

wBe
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11, EVALUATION OF EXPERIMENTAL RESULIS Y
Carcinogenioity is to bo evalusted by comparing the fol-
lowing five factors in all subgroupss
‘/(i) The per cent of mice with lung tumors,
Viz) The average number of tumors per mouse,
V/(S) The number of tumors arieing in the asbestotic areas
versus the non-acbestotic areas of tissue in the ex-
posed mica,
1/(4) The induction time for tumors,
r(ﬁ) Evidenoce for direct origin of tumor from asbestos, 1,e,,
the histological appearance of tumor will be compared

with the non-cancercus epithelial hyperplasias thet may be present,

12, COMPARATIVE ANALYSIS WITH OTHER IRVESTIGATIONS UKDERWAY
The studies ooncerning asbestos will be integrated with other

investigations of the Saranac Laboratory, Those investigations

ooncern the carcinogenic properties of inhaled quartz and of non-

irriteting dusts. such as carbon and iron oxide, The data obtained

will form a basis for statistisal study of the occurremce of pul~

monary cancer in mice exposed to dusts other than asbestos,

13, ESTIMATED DURATION OF THE EXPERIMENTAL INVESTIGATIONS

The investigations proposed involve disoase processog which

e o e &

deva;gg_vory alowly. This applies to asbestosis as well as to pul-

monary oancer, W{fh respect to asbeatosis, previous studies inci-

oate that at least sixteon months of continuous exposure to dust are

necessary in order to produce definite fibrosis in = highly susceptible
s L e b

et

-9 -
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animal such as the guinea pig. In contrast, the mouss is more re-

siatant and develops his reaction even more glowly under similar

P

conditions of exposurs, . The developmsnt of asbestoeis in mice may

be speeded up considerebly by inoreasing thc concentration of the

Gust to which they are sxposed. Thus, it is anticipated that

rather definite regults.can bo obtelned in ng% jess than two years
e mrm—m"" T ‘ -

by the inhalation method, and in not less then one yeer in mice

paame S e
-
s

receiving an intratracheal injsotion of the dusi, Regarding the

| N

S

- p— e

latter method, it must be strossed that although the injecticn ex-

periment is of shorter dura®tion, the results are incomclusive., An

-—/-

inhaletion study of relatively longor duration should be performed

<0 obtain relisble results.,

With respect to pulmonary cancer, there &ro many complex

problems inherent in eny etudy of the subjeot, The very nature of

the disease and the experience of other inveastigators dictate that

at least & two-year, end preforably ﬁwfﬁgr_ 3_:%:m;) should be

L S = SR b SN

envisaged. This should not discourage the sponsorship of the pro-

AR St

gram by the companies, as unfortunately theroe ic no other alter-

native if relieble reault-s—are to bo obteained.

e

14, REPORTS OF EXPERIMENTS

Progress reports will be issued from time to timo during the

S -

(0

experiment end a comprehensive report will be submitted at the con-

cluelon of the investigation, Thess reporte will bo forwarded to

the proper authorities identified by the sponsoring agencies,
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15, PUBLICATIONS OF RESULTS OF IBVESTIGATIONS

The Sarensc Laboratory ressrves the right to publish the

ployed by the soientific fraternity and in accordance with esta-

rosults of its investigations in the recognized msnner commonly em- ﬁ_ n Go é&
—

blished practices, whersby the manuscript, prior to its publica-
tion, is submitted to the sponzoring company for its review. and

npérml.

18, COST ESTIMATE

The ccabined projeot including both the inhalation and the

intratracheal techniques requires the eorvices of e number of staff

mexbers, the use of an exposure chamber or room and special appare~

( tus needed for control, the purchase of a large number of mice of

a pure inbred strain, the use of special mouse cages, and a large
quantity of expendable materials such as chemicals, glaesware,
microscopic slides, and dover slipe,

&e cost for this comprehensive study will spproximsgte

$16,000.00 for the first year and $10,000.00 for the second year,

l/
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