Occupational carcinogenesis
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Occupational varcinogenesis 1s vne of the most intereshing, tragic, important and difficult
fields in oncology.

It 1s interesting from the scientific pownt of view because it represents, dramatically, an
cxperiment in arcinogenesis made on humans and it may teach us a lot about the natural
history of tumours. It is tragic from a2 human point of view, because work which 1s per se
a natural p:icessity of life, should not, at least, cuuse cancer. It is socially important
be .4 1s¢ oncogenic favtors increasingly are produced and diffused 1in occupational environ-
merls, Moreover from the factories they spread to the general environment, so that they
come ta be an ecolow:.a! problem. Fially, occupational carcinogenesis is a difficult figld
to appruach, because the care of the workers” health is often 1n conflict with the product-
ive interests of the factories.

Industry has done a lot for expenmental carcinogenesis, related to occupational can-
cer, often however the result is merely to prove the carcinogenic effect in ammals of
agents which have alrzady proved to be carcinogenic for man: this 1s equivalent to saying
that many people Jie of cancer but some make their hving from cancer, On the other
hand emotional arguments should be avaided. Thus | am aware that speaking on occupa-
tional carctnogenesis 1s a complex and difticult task. .

Experimental carcinogenesis did not start with the experiment of Yamagiwa and lchi-
kawa in 1915, but rather in the lboth century with the observation of the so-called
‘mountain disease’ in miners of Joachimisthal, This disease was recogmized at the end of
the last century as pulmonary carcinoma, which we now know 1s due (0 radio-active
pollution, present in thouse punes. In 1775 Peroval Pott in “Chirurgical Observations' J«-
scribed a cancer of the scrotum tn chimney sweepers and he correlated it with the black
soot, In 1894 Unna reported on the frequency of skin canver found in maritime workers,
and he considered it due to excessive exposure 1o sun light. In 18935 Rehn, a surgeon from
Frankfurt, reported at the congress of the German Soviety of Surgeons, 3 vases of bladder
wmours found among 45 workers from a factory which produced fuchsine. He thought
that the tumours were caused by aniline, but in fact it was shown, several decades later,
that they were Jue 1o other aromatic amunes. In 1902 at a meeting of the Medjcal Society
of Hamburg, Friehen presented a case of 2 cutaneous (umour found on the hand of an
employee of a factory picducing X-ray apparatus. This employee used his hand for
radiolugical demonstrations.

The frequency of reports on occupational cancer has been increasing with the tnurease
of industrialization, mainly due to the progress of chemistry. The most inportant thing
to do in occupational carcinogenesis is to try to recognize oceupations which may re-
present an oncogenic risk, and to identify the agent or agents which cause the risk, and
also 10 try to assess the degree of nisk. If the risk is related to an agent already known to be
oncogeruc for man, its detection in the occupational environment should be considered
sufficient for undertaking preventive ineasures. On the other hand if the risk 15 related to
agents, whose effects on workers have not yet been studied and are therefore not yet
known, then we have to evaluate the risk they represent {or workers. This can be done hy
ineans of epidemiologic.l investigations and experimental testing. Most oncogenic occupa-
tional agents have been identified on the basis of retrospective epidemiological studies,

The progress in and the developinent of this hranch ot oncology should facilitste
systematic expentmental testing of sgents heawily releused i the occupational environ-

6509¢L sy




.
N L T T L A A S 7 AL

-
. ment bnoother wonds oz o iy
they tepinduse the conmditions ot

testy on gl e are the mede redevant toonan the sty
lvman exposure amd eventogll, vndace oanuenals the satae tammnes that they
. In s case the tesalts of expetinental fests tay e conaderesd tdely equivaient

HIT S

toceprde ol al evilenoe i man

O the other bBand b anoggent eoses gy snd o Bareead e angsals ot whigtewe!
houhl be consadered potentohs caramagen: e a1
sl tasts aoald Be afoeves
for reprontuy

experimental vommhitons
wortsider an aventadenmoe by .
o Lrme should be bost betore retesting 0an mote appropaate oo

the wottathons of ovctpaionad exposure oy offer daittoult ged coerty

catooaten Lot man

expenimentally
Furthermore we have to considet that the sosiied of ettt it oang ofoial vivieen
tent s large ind mgreasung,

Phus, new aeents to Shich workers may be exposed shont be o subamtted toat ooty
casiesl i quichest tests, however roottipleie those tests may te Then, Den these geenr
unducing tumours m the expenmental amials an these comdthions, auore presise an !

sophisbicgted expenmental tests should tedesied The vainliy o experimentai testuwe

amd the pretegusites tar salidity have heen amarter of fomg Jiscassions o iterist oy,

Patsth o Do wdenn o 0 Wb v ianie vt s eengy tionais Tellvewonnid Dol patie s Trover ot ey preee sy

Jrcren e

Pevatinet? Noeor eniitngl . Nev st tahie ot
O hnetain v eblos ohed chaanates i N
Chromnm o ange el hsoanates A0 n
Modv e e sepabioe shead Chieanate atnd iy Bdenuan b oot e 1os i,
toadmin velew ccadmnan salpinde 1 1s
Irve red niro onader 1o i
Feoan vellonn cipom onntes i "o

[l +

{ontpals

)
Ra
v
—
[+
(=2
Q
(=2
Q

. 1.6, ) Apparatias For qnlahetony o0 cvniendle Jodoey it cuse s conmpenandy ot e B e e

Lonr oot the Binte B i odesetg dr Moles




y

C meetingy and cammssions. hut ol course, 10 the mesntune the exshiy occtupationa)
cxposure continues. Also, npertect testing, tur evample the subcutanecus imection i the
rat of compounds, (o which man v exposed munly by the respustory route, may give
some ided of their potential uncogenic nsh,

In lable . Jdaty are reporied on the induction of fumours Esatcotias) ol The sie of
the subcutaneous tnjection of some iorganie prrments, From these daty o Gearly appeat.
that chromium and cadimium prgments should be coasidered oshier than ron priments
From what has been sutd betore. the compounds shown T be carcimogenie i these
vonditions, should now be tested by inhatation, he tatter way ot exposure unplies the
availability ot a complex apparatus for continuous ihalation ot controlled doses The
apparatus (v quite rare, ds we discavered when we wanted to buld one amd we were nnat
able to find any model in our vwn or any neighbouring country . Naw gan apparatus tor
inhalation of guseous vompounds has been functioning tor miore than two years i the
expenimental unit of our mstirute kg, T,

With this apparatus we are now perfornune o cananodenin iy broagasay ol vyl
chlopnde monomer (V) and of vinyl acetate monomer (INAL windh are tparficulardy the
first) ol great industral ynportance VO s used o the preparatien of pofyvins [chidorade
resin. as a vopulymer 1in saian and other plastios as g solbvent amd o o detncal inters
mediate, and 1t 18 3t present produced ot g rate ot 12000000 tons per Sear 1 arly
results on these bioassay s are shown i Lable 2

Zyuthal glands carcinomas, iver angiosatvonnes have teser been nlwernved ds oo
spuntancousty in our brecd ot Sprague-Dawley tats

Only 3 cases of spontanenusly vwcureng 2y mbat elinds caloimois i rais sSpragie:
Dawley)have been revorded in 1960 Lo our knowledee, to spoantaneous nephioblastonmas
and hiver angiosarcutias of tats have been reported in the Bterature A~ (af as we hnow,
nephroblastomas have never heen reported to be exvpenmentally imduced i rats, tiver
angtosarcomas have beenndiced m tos species by ducthy Inteosanune

. Although liver s the preferentiat ste ot onset ol anetosatooaias such hord o
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tumours have been vbserved i vther fissues and organs theretore VO shouhd be cone
sidered 1n our expenimental conditiens venctally cancerogenic bor eidothela

Zymbal glunds tumours and nephroblastomas may be ufateral bver anmgosatoomigs arg
often multiphoval

Epidemiological investipations andd jnedical controds shonhd be undertaken on expeosed
workers Would such neoplastic neoplasia uahappiy be Tound moman, given the ranty ol
these tumours in both animals and hutans, it would he o predise indwation of the high
value of expenmentyl testing in predicting the oncogetic potential o environiiental
agents and would strengthen the recommendation un the nevessity of such broasways
befure any new industnial compound s produced and widespresd n large swale

Another means of revealing the oncogenie risk ol an agent s to exanune the exposed
working populations with methods which make 1t possible o assews the mendence ot
vanver precursors. The mnordence of sudh precursors has beent studied by us by extoliative
cytology among asymptotiatic, apparently healthy wuarkers exposed o rish, namely
among workers exposed to sromatic amines turme cytology 1ooamd amony worhers ex-
posed to chromates (spututa cytulogy) The inadence ol vellular sty pias in these two
groups of workers s showitin Tables 3and 4. 1t fur exveeds the expected incndence.

To evaluate tn medical and legal terms the risks represented by occupational oncogeni
agents, we must constder thut

1, a direct relation exists between Jdose tamoum and length of exposaie) and neo-

plastic response,
2, the onvogeniy agents produce mainly aon-reversabe changes, which may continae

to ! p when the exposor v eterrupted,
3, (ne onuegenit agents towcupational or generadly envirenmentaby may 0 addithve m

their effects.
According to our knowle lge the vecupationd] carcinogenie sgents may he Cassitied as

fa) detmite carcinogens when epidentiologival evndenioe exisis,
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fb; highly suspected carcinogens, when strong expenimental and/or some epidemio-
logical evidence is present,

fc) potential carcinogens, when experimental data give some wndication of carcino-
genic action of a compound on an experimental animal.

According to their effects, the carcinogenic agents may be classified as strong or
medium,

‘The agents, which have been definitively proved or are suspected 1o be oncogenic for
man on an epidemiological basis, are listed in Table 5, together with the target tissues and
the degree of evidence. The list of the agents present in the occupational environment.
which, on an experimental basis should be considered highly suspect or potentially carci-
nogenic for man, is reported in Table 6.

TABLE 5 Agents proved o suspected to be uncogenic for workers on an epdemologieal havs

Agents Fvidence Tumours
ULV, radiations - Sk carcinantas
X-rays - Skin carcinomas
Leukaenus
Utanium ore . Pulmonary carainomas
AN (+) SKin carvinomas
(lung carcinamass
Asbestos - f.ung carcinoamas
Pleural mesathehiomas
tabdominal malimanvwes)
Chromium > Lung catvinumas
Nickel * Lung varyinontas
Caranomas of nuval and paranasal casaties
fron ore - {+} Lung carcinomas
Rischloromethyl cther . Lung carvinomas
Benzene + Leukacmyan
lsopropylic ot (+) Carcinomas of paranasal caviiws
Soot, tars, mineral ouls, cutting oth > Skin varcinuma
Carbon black - Luny caruinomas
Mustard gas - faryngeal caraimomas
Aromatyc amines - Hladder and uppet uninary tractvaromoman

TABLE 6 Agents suspected 11 be carcinugenn b workers ong an expetimental han

Beryllium Sesugides (DOT, aldnin, dicldnn, Aramaite, DMDT.
Cadmium Annzol, theuram,

Cobalt [moures and related compoun ds

Lead Tannins

Selenium Detergents

Zine Alky lating agents

Carbon tetrachlonde NAToWImIney

Chloroform Aro-dyes

Vinyl chlonide Oestropens
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In {taly caranogentc occur nsk exists lor workers who are ol
faj expostd to chromales . 1y the unes working i factories where (hromates are
produced;

() exposed to nickel, mamly the unes exposed to nickelcarkonyl,

(¢} exposed to ashestos, mainly the anes who eatract it from ihy natural soure, or
worker: in factories where asbestas is used for manulactunng:

1) in factories making shoes, purses and raincoats, expowed to henzene,

fe) in factones producing carbon black from mincral oils. and

{f) in the dye and rubber industries, exposed to aromatic amines .

In cur country ovcupational tumours have meen ubserved 1n many of the ahuve men-
tioned workers. 21 lung varcinomas have been found among less than ZJO workers in 2

R chromate factory in Northern ltaly. Pleural mesothehiomas have heen discovered amang
workers in asbestos munes. A number of jeukacniay have Feen found among shoe-makers
who ‘were heavily exposed to benzene, in lLactories an L ombardy (Vigevanor, Brdogna
Province and Tuscany. [he wmadence of bladder and other urinary tract carainomas
amony workers in 5 ltalian dye-iuft lactones are shown 12 Tahle 7 In these factones
workurs had been exposed to J-naphthylamine. benstdine. a-naphthylamine. Auramine,
fuchsine, 3.3 -dichlotobensidine Now i our country the production of L-naphthylamine
and tenzidine has been withdrawn, One may conviude that prevention ol occupational
carcinogenesis is 3 very urgent probiem.

The methods of prevention may he summarized as follows

I. comrect expenmental testing of alt newly used agents;

2. up to date epidemiolopical data from various categories of workers exposed o
risk;

3. legislative measures forbidding the production and the utihzation of agenls which
have been shown tn be oncogenie on an epidemiological and: or an cxpenmental hasis,
especully if the said agents are strong carcinogens,

4. measures of technical protection, when weak or doubttul carainogens vonhinue to
be prorduced o employed. these protective measures should be perodically examined ™y
Public Health Inspectors.

5. specific medical checks 1o mane possible, un the one hand, the early Jdete i w0,
prencoplastic lesions and tumours, and on the other, the quantitative evaluation the
nisks through the incidence of these changes.

ft 15 my opwion that the value of medical checks s marnly to evaluate the nsk that
eprdeminlogical, Early dJetection of occupational tumours which, as already shown, are
mainl located in the respuratory and unnary tract, has been, | think, over<emphaused,
We hhow that thew tumours are multiventnie In other words all the target apparatus s in
some way dffected by the carainogenic provess
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Concermung the unnary fract. in 4 systemate hntological study | have ~een that in
fatwents with bladder tumours. Jdysplastic and vdncerads lou may be Jdetected trom rengd
peiso (o urethra Thercfore it v obvious that n such condibions early duagnosis van
achweve very Lttle. We may diagnose some tumours guite edrly, bul on the baws ol
15 yeary' experence with persodic chechs of wuthers exposed 1o high nisk, | Joubt that
perrodical medial exammation has a real beanng tn saving people with occupationyl
<amet sithough detected carly, or i prolonging thew hite span. Thus my position v an
sharp contrast with those who claim to “protect™ 11) workers exposed (0 carvimnaogenic risk
with medical examinations 7 Jo behierve that the putentiafitios b medioal examinatuoms
thoudd be evaludted at un international level

In woncluson, | would ke 10 emphasize the need of 4 Jose collaboration amony
wientials, publie healih services, workers untons and ingastries, to evaluate the risks and
Iy devine preveniive medsures for avording of munim/ing vwcupations! tumours
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