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OCCUPATIONAL CANCER

Or 7rr URtxaRY BLipDER IN Dyesturss OprmaTives axp or tHE LUNG v
AspzsT0s TEXTILE WORKERS AND IRON-ORE AsNTRS

GEORGIANA M. BONSER, M.D., J. 8. FAULDS, M.D., axp M. J. ST! EWART, LL.D. .
Unisersity of Lesds ond Cumbsrlond [nfirmary, Carlisle, Enplond ’

The study of cccupational concer has proved to be s valuable metbod of
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learning some sapects of the biology of cancer in its wider sense. This form of T .
cancer is an unwitting experiment in man, but until it can be reproduced in ':é Nickel
snimals at will, doubt must always exist as to the exact nature of the carcinogen 7 Siliea
involved and of jts mods of sction. The time lsg between the cbservation that =7 oty
cancer occurs in those engoged in certain occupations and the succesaful induction tfa‘ ,L‘,’;,}f‘:{,’,‘ Ak
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of the Ciseasc in animals may b very long. For example, Percival Pot:® dns
scribed cancer of the scrotum in chimney sweeps in 1775, but it was not until
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1022 that Passey'? induced cancer of the skin of mice by meansof anetherextract 3 LT
of soot. Similarly, in 1893, Rehn'* described cuncer of the bladder occurring in 75 et
workers eugaged in the manufacture of anilive dyes, but it was not until 1937 %2 Pt
\ that Hueper and his co-workers'® were able to induce bladder cancer in dogs by .=
Y J means of ingestion of the dye intermedintes. So far no attempt has succeeded in 732 Lirehes
: reproducing the lung cancers of the Schueeberg and Joachimstal miners’ (Haert. X Seeest
ing and Hesse, 16797 $ikd, 1930'), though this diseass bas been known for cen- 5 Tar
turies. The induction of s few local sarcomas in rats following injection of cobalt .4 lauve
metal (Heath, 19534%) might be » stimmulus to further experimental work. Py Actinic
1" "We are well advised to be ready to recognize new forms of hazard in any ';';
“industrial process, but it is even more important to advise industey of the - Pewntuen
"dangers that are likely to be inkerent in the monufocture or use of suspected or = Lumsinous pai
proved corcinogens. This was certainly done when the new plants for effecting '_'-. divm)
the catalytic cracking of oils were set up (Symposium on a Cancer Control I3 -
Program, 1051).5" - - i ssreuie chemie:
As such & vuriety of occupational cuncers is now recognized, this preseutstion -3¢ Dye interedi
is confined to making a classification of the most important and to discussion of 3 —
those with which the suthors are moat familiar (Table 1). It seems hardly 33 )
necessary 10 say that, before it con be elaimed that any pacticular form of cancer % A very s
Bas an ‘industrial origin, it must be shown that the incidence is siguificantly . “aphasized by
higher in exposed workmen than it is in the general pupulation. This is not 31 siven populati.
‘always easy, a3 rmorbidity atatistics of cancer in most countries ore not available, .3 Iropartions of
bospital statistics being quite fallaciously high. Secondly, in sites where thereis - esample, there
high natural incidence, any occupations! risk tends to be musked. erntrist wn!; :
;i ureaumd of L
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TABLE 1
LisT oF Sou» SUBSTANCES CAUSING CaNCER, INDUSTRY Concunnep, ann i_nu-r. oF CANCER
Proot
Substance Industcy Site of Caneer
Industrial mmu"i
Minerals
Argonic Sheepdip manufacture 8kin, lung Doubtfulf 0
and usage
Chromium (ore) Electroplating, tanning, | Respiratory, Donbtful 0
dyeing wgusily lung
Nickel Clemical manufacturers | Respiratory Doubtful 0
Bilica Stone blasting Lung Doubtful] 0
Asbestos Minsm and uzers Lung E 0
Lron (hematite) Minory Lung + 0
Baerylilum Fluorescent lamnps Lung, bones 0 +
Unknown Pitchblende miners Lung + 0
Oils
Lubricating Mule epinners Skin + +
Patroleum Refiners Skin + +
Pitches
Soot Chimney sweeps 8kin + +
Tar Road workers Skin + -+
Rays
Aclinic Farmerg, sailors 8kin, exposed + +
sites
Roentgen 8eicntific persannel Bkin, exposed
sites
Luminous psint (ra- | Disl painters Bkin, exposed
dium) sites
Orgoanic chemicals
Dyv intermediutcs Chomieal manufacturers, | Bladder + +
snd ugars

A very significant fact has been observed by many warkers and has been
emphasized by Kennaway (1950).% The “amount” or incidence of caucer in any
given population does not vary greatly, as regards either sex or race, but the
proportions of the different “furms” or sites of cancer may vary groatly. For
example, there is s high rate of carcinoms in organs peculiar to the [emale, in
eontrast with the high rutes in lung and stomach in the male. Similarly, primary
carcinoma of the liver is high in the Juvanese in Sumsatra, but insignificant in
European populations. “There appears to be a general law that when in a given
population the incidence of cancer in one particular organ is markedly increased
compared with another population, there is then o compensating dearcase in the
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incidence of cancer in a number of the other organs” (Cramer, 1936).° A con-
stant watch must be kept on ‘“‘amounts™ of cancer if proportions are being
altered by industrial forms of the disease.

OCCUPATIONAL CANCER IN THE DYEBTUXYFS INDDETRY

Why should 1 in 10 or even more of men cngaged in the manufacture and
usage of certain dye intermediates (aromatic amines) develop tumors of the
bladder? These workers are exposed by ivhalation, ingestion and absorption of
these compounds through the skin and yet tho tumors arc located in the bladder.
This striking observalion has fired the imagination of many workers and we
think we are justified in stating that we are beginning to understand the reasons.
The knowledge thus gained has altered our conception of the range and mode of
action of chemical carcinogens in an interesting way.

An cxtremely good survey of tumors of the urinary bladder in workmen en-
geged In the manufacture and use of certain dyestuff intermediates in the
British chomical industry has recently been published by Case and his associates®
(Table 2). They have shown that although there is a small spontaneous incidence
of bladder tumors in tho general population (234 times greater in males than in
females and rare under 55 years of age) the risk is 30 times greater in chemical
workers and the age of onset is on an asverage 15 years earlier. Manufacturers,
users and purifiers are affected in descending order of severity, the noxious sub-
stances hring 2-naphthylamine, benzidine and possibly auramine and mageuts.
There is no evidence that aniline is incriminated. As the induction period is
constant at 15 to 20 years, the age st onset of the disease is dependent upon the
age at entry of & mup into the industry. This is linked with the fact that it is the
length and not the severity of expasure that matters, individual susceptibility
being & marked feature. There is no special tendeney for industrial tumors to be

TABLE 2

QocURRENCE of Braopegr Tumoms IN MANUFACTURERS ANn UsERs ov Dyes?uer
INTERMEDIATES (Cas® Br ac.t)

Population at Rigk = 4622 Men
Expected deaths in comparable genaral

populstion 35

Actual deaths in industry 127

Actval cases in {udustry 283

Rizsk in industry 4D times that of geperal population

Chemical exposurs Bensidive '
Beta.naphthylamine
Alpha-nephlhylamine

Age uf ongel 15 years earlier than in general pepulation

Induection period 15-20 yenrs

Degree of malignancy Comparsble to tumore of bladder in gencrul

population

Survival after diagnosia 20 per cent survived 10 years

Exposure Lengih, not severity, affeets induction time

Individusl gusceptibility A marked fesature of uoknown ¢suse
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more or less malignant than spontaneous ones. This is 8 killing disesse, only 20
per cent of all cases having survived more than 10 yeass from the first recognition
of ihe disease.

Tn 1935, certain slterations in plant and technic were made and these have
reduced the risk just significantly, but another 243 cases (over and above the 262
traced cases in a population of 4622 men) may be expected amonyg British workers
engaged in the manufacture of chemicals during the next fuw years. In 1845 and
1950, more drastic plant altcrations wero made and we can expect these to bear
fruit in about 1965.

Meanwhile, we need to be ever vigilant in recognizing a3 ocoupational tumars
any that may oceur in other industrics in which the dyestuff intermediates are in
use. Cass and Hosker (1954)* have recently demonstrated an occupational
bladder-tumor rigk in the rubber industry in England and Wales. Attention was
drawn to this by tbe finding of a high incidence of bladder tumors in the hospital
records of 8 County Borough which is an imporiant center of the rubber industry.
It is probable that the risk was introduced into the industry in 1928, when a
certain antioxidant began to be used. The latter was known to have rcaused
bladder tumors among the men in the chemical industry who manufactured it,
and it contained about 2.5 per cent of free naphthylamine, both alpha and beta
isomers. The treatment of the rubber “mix” conteining the antioxidant
volatilized quantities of naphtlyylamines. It nocded a most laborious and careful
search of records of many kinds to establish this risk on a sound statistical basis
and it is satisfactory to repurt thul the manufscturers of the antioxidant im-
mediately ceased its manyfacture and the users discontipued its use and do-
stroyed old stocks.

Of great interest to tho experimental worker is the search for the reasons for
the localization of the tumors in the urinary tract, or perhaps the wider concep-
tion of localization along the routes of cxcretion would be preferable. If 2-
naphthylumine is administered by feeding to dogg, all the animals will eventually
develop tumors of the bladder, though the number and location will vary in
individuals (Hueper and Wolfe, 1937;*° Bonser and her co-workers, 1951'").
If 2-naphthylamine is fed to mice, hepatomas or benign cholangiomas will occur.
If fed to rats or rabbits, occasional benign papillomas of the bladder will be seen.
If bensidine is fed to dogs, bladder tumors oocur after many years (Spits, per-
sonal cunmunication), but if injected into rats, hepatomas and acoustic gland
tumors will be found (Spitz, Maguigan and Dobriner, 1950);® if injected into
mice, hepatomas only will occur (Bonser and her associates, unpublished obser-
vation) (Table 3). Such localization of tumors suggosts that 3 important factors
must be at work: () speeies variations in biologic response; (b) excrelion of the
original chemical or its motabolites along & specific pathway; a.nd (c) concentra-
tion of these substances in certain sites,

A study’ of the metabolism of 2-vaphthylamine in various species showed that
a conversion of the amine to 2-amino-1-naphthol conjugates occurred and that
the capacity to form ftumors was rougbly proportional to the concentration of
these substances in the nirine. In the dog, the ratio of urinary to serum contont of
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TADLE 3
RERPONSE OF SFECIES TO ADMINISTRATION ov DyEsTUury In1xuMEDIATES

Species Chemizl Tumor
Man 2 Naphthylamine Bladder car¢inoma
Bensidine
Dog 2-Naphthylamine Bladder carcinoma
Bepzidine
Cat 2-Naphthylamine Not known
Beazidine
Ferrot 2-Nuphthylamine Not known
Bensgidine
Mousc 2-Naphthylamine Hepatoms
Benzidine
Rat 2-Naphthylamine Bladder papilloms
Benzidine Hepatoma, acoustic gland
carcinoma, intestinal
carcinoms
Rabbit - 2-Naphtbylaminc Bladder papillomn
Baosldine Not known

metabolites was approximately 200:1. In addition, the dog was found to huve a
high level of urinery sulfatase, which would ajd in the liberation of free 2-
amino-1-naphthal frora the conjugates. A consideration of these factors has led
to the hypothesis that aromatic amines sud azo-compounds produce their
carcinogenic effects at distant sites along the routes of excretion because they
undergo metabolic changes in the animal body, which, coupled with ecrtain
favorable local factors, determines their site of action (Clayson, 1953).5

OCOUVPATIONAL CANCER OF THE LUNG

Two aspects only will Le considered: its ocourrence in (1) asbestos textile
workers; and (2) hematite miners. The serics of cases presented here are, 48 yet,
unpublished. For published series the reader is referred to Hueper’s tharough
survey (1852)° in which he cites 60 cases of cancer associated with asbestosis, 33
of which were reported in Britain. Hueper also refers to 8 cases with coexistence
of siderosis and cancer of the lung.

1. Cancer of the Lung in Asbestos Textile Workers

In 1928, or a little earlier, one of the prescnt authors (MJS) began to collcct
information and material from the workers in 2 factories, and it will be remew-
bered that he wasg early in the field in describing the peculiar hadies and the
sigaificance of their occurrence, especially in clumps, in the sputum (Stewart,
19287 Stowart and Haddow, 1020;%® Stewart, Tattersall and Haddow, 19322°).
Btewart’s series coneists of postmortem material from 80 persous who had worked
in the 2 faotaries, and were thus Jikely to inhale ashestos fibers. In 8 persons no
pulmonary asbeetosis could be demonstraled, though small numbers of bodies
were usually present. The effective number for consideration is thus 72, 46 males
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__ TABLE ¢
InctoENce oF CANCRE 1N ASBESTOS TEXTILE WORKRES AT POSTMORTEM EXAMINATION

: [H] ber- | Luag Cancer | Peritoncal
sl | lmeane| “Clad | Sormng
M F M 1’- —r P—-M
Number of cosas investigated postmortem (72)] 22 18 12 3112 32 1
Incideuce of lung cancer {per cent) 26.1 8.7
Average age ut death 54(21)f | 47(12) | ss(11)
Averoge age at starting work 31(21) 28(12) 27(10)
Avorage period of exposure (yewrs) .

23(21) 18(12) 26(10)
14(19) | 34(7) 12(10)

Total
§(2) 7(5)

F
3

Prior to 1931
In cages envering alter 1031

—— ¢ ——

® One man had ashestosis, tuberculasis and lung cancer.
t Figures in parcntheses represent the number of cases for which the informatiun

was availsble.

and 26 females. In Table 4 the data in regurd to the association of asbestosis and
cuncer arc given. Cancer arising primarily in pleurae, lungs or bronchi was
present in 26.1 per cent of males and 8.7 per cent of females. This significantly
higher incidence in males may be accounted for by the fact that 7 women died
before the cancer age, 4 [ollowing parturition or abortion and 3 from tuber-
culosis. There was no significant difference in average pge at deatb, sverage period
of exposure or average age of starting work between males with uncomplicated
asbestosis and those with the complication of lung cancer. This is interesting, a5
in the dyestuff industry death was sccelerated by the supervention of bladder
cancer. It wos noted that the degreo of fibrasix was rather less in the luags with
cancer than in those without. Tuberculosis significantly lowered the age at death.
A fair asscasment of the period of exposure is difficult in such a series of eases,
Taking into account the kuown fact that after a carcinogen has ceased to be
applied 10 a tissue a latent period is required before the development of the
malignant chapge, it was decided to use the period from the first entry into the
factory until death as the period of exposure. This disregards absences from the
factory for any rcason. It also presupposes that once the fiburs have gained
access to tho lung the carcinugonic process is sot in motion, becoming fully
develnped at the end of the latont period.
Two interesting features deserve mention. The morbid anatomy and histology
of the 13 lung cancers of which full notes were available was uausually varied.
‘Four were Jorge tumors situated near the lung hilum, disseminating in chur-
acteristic fashion and of adenccarcinomatous or oat-cell typs. Seven were situated
in the periphery of the lung, ususlly near the base, 3 disseminating by blood and
Iymph streams and the other 4 remaining confined to the lung substance. Bix of
these were edenocarcinornatous or of oat-coll type, ) being spindle cell and
possibly a rhubdumyosarcoma. Small peripheral cancers were described by
Raeburn and Spencer (1953)" as the likely precursors of the large hilar masses

[@oo7
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usually seen at postmortem examinstion. The peripheral cancers in this series
sy, therefore, represent & stage prior to hilar involvement. Two tumors were
pleurs! in distribution, 1 disseminating and 1 not. Both were adenocarcinamas,
the former having spindle-cell areas.

Attention must also be drawn to the 4 peritoneal cancers, 1 in 8 male and 3 in
females. This is & very high number in such a small series of cases. All these
tumors were ausplsstic carcinomas, the primary site not being found in any
organ. The posaibility of an origin fromw the eequestrated bronchial epithelium
present in the disphragmatic areas of hyaloserositis is suggested, but without
any clear proof.

No adequatc comparable postmortem material from persons working under
factory conditions and not exposed to asbestos dust is available with which to
compare the incidence of lung cancer in asbeslus workers. The incidence here
oited i very high and by comparison with the incidence in iron-ore miners muat
be highly significant. The cccurrence of occupational lung cancer in the exposed
female is noteworthy.

In connection with this particular form of industrial hazard, it must be em-
phasized that since the introduction of regulations for the control of asbestos dust
in 1031, the amount of exposurc of the workers to dust bas been enormously
reduced and we shall therefore expect to sec a disappearance of those severe
degrees of pulmonary fibrosis that have been described herctoforo and passibly a
disuppearance of associated cancer. All the present cases that had asbestosis and
cancer had been exposed prior to 1931,

2. Cancer of the Lung in Iron-Ore Miners

Oue of the authors (JSF) has had a unique opportunity to study this diseuse
(Stewart and Fuulds, 1934).1% He has personally conducted postmortem exami-
nations on 192 Cumberland hematite miners during the last 20 years and in
addition has performed postmortem examinations on 2378 Cumberland males
above tho agu of 20 years, unselected in regard to cancer or lung disease. The dif-
ference in incidence of lung cancer in these 2 groups is statistically significant
(Tuble 5). The age of onset is not signilicantly delayed, most of the miners having
entered the mines under the age of 30 ycars. All the miners’ lungs contained much
silica snd irgn at death, but there was no significant: difference in the content of
either mineral in the lunge with and without cancer. There was, however, an
interesting diference in the degree of fibrosis (Table 6) and this has greator
significance when a similar oceurrence in relation to asbestosis is remmembered. All
the tumours were classified as oat-cell or squamous cancers.

TABLE §
CANCER oF THY LUNG )N IroN-ORE MinERS
Number Tang Cancers Percentage Tncidence
Iron-ore miners 162 17 8.8 & 2
Cumberland mules over 20 years 2378 7l 1.8% % 2
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TABLE 6
MINERAL CONTENT, DURATION 07 OCCUPATION AND PULMONARY FIBEOSIB IN
IroN-ORE Mixzas
A Am Pe:-l
Verage cga incal
i Con
N || Baena' [ <" e ™|
(Years)
Silica | Iron
Bronohial carcinoms 16 61 32 (1) 111168 | +
Fibrosis aloge ' 59 80 84 (20) | 1.16 ) 6.3 +++
Fibrosis and tuberculosis 75 57 28 (48) [ 1.14| 5.4 ++
No fibrosis and no tubercnlosi % 62 26 (19) | 0.59 | 4.04 0

Tigures in parenthescs represent the number of enses in which the informatioa was
available.

The common factor in these 2 types of occupational lung cancer is silica, and
it is suggested that this may be the carcinogunic agent. The presence of silica (as
milicic aeid) causcs pulmonary fibrosis, which precedes the initiation of the malig-
nant process. The fibrosis is usually of Jcsser dizgree, however, in those lungs in
which cancor suporvencs. On published evidence the case for an etiologic re-
lationship between nodular silicosis per se and lung cancer is much less strong
than in silicosis associnted with siderosis and in asbestosis. Hueper (1952)°
examined the literature very thoroughly and came to the conclusion that “the
available evidente supporting a caussl relation between silicosiz and cancer of
the lung is unimpressive.” It seems possible, therefore, that the fibrous nature of
asbestos or the presence of hematite dust may exert a modifying effect on the
chemical action of the silica or on the fibrotic provess itself. Furthor study of the
nuture of the carcinogenic process in pneumoconioses is thus obviously needed.

SUMMARY

The value to the cancer problem as a whole of the study of occupatiopal
cancer in the field and by expcriment, together with the timc lag between these
2 aspects, in discussed. A short considerstion of the total amount of cancer in
any population follows, und a clsssification of the types of recognized occupa-
tional cancer.

More detailed consideration of industrial hladder and lung cancer follows.
In rogard to the former, the extent of the hazard, the nature of the chemicals
iuvolved and their metabolism in various species are discussed. In regard to the
lutter, the occurrence of lung cancer in & group of 72 male and female asbestos
textile workers and in 192 hematite miners in Cumberland, England, is de-
scribed.
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