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OCCUPATIONAL CANCER

Or THE URINARY Brapper 1v DyesTUFrs OPERATIVES AND OF THE LUNG IN
AsBLsT0s TEXTILE WorkKERs axD [RoN-ORE MINERS
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GEORGIANA M. BONSER, M.D., J. 8§ FAULDS, M.D., avp M. J. STEWART, LL.D.
Universily of Leeds und Cumberland Infirmary, Carlisle, England

The study of occupational cancer has proved to be a valuable method of
leerning some aspects of the biology of cancer in its wider sense. This form of
cancer is an unwitung experiment in man, but until it can he reproduced in
animals at will, doubt must always exist as to the exact nature of the carcinogen
involved and of its mode of action. The time lag between the observation that
cancer occurs in those engaged in certain occupations and the successful induction
of the disease in animals may be very long. For exzmple, Percival Pott® de-
scribed cancer of the scrotum in chimney sweeps in 1773, but it was not until
1922 that Passey™ induced cancer of the skin of mice by meunsof an ether extract
of soot. Similarly, in 1893, Rehn!® described cancer of the bladder occurring in
workers engaged in the manufacture of aniline dyes. but it was not until 1937
; - that Hueper and his co-workers:® were able to induce hladder cancer in dogs hyv
4 means of ingestion of the dye intermediates. So far no attempt has sucveeded in
' reproducing the lung cancers of the Schneeherg and Joachimstul miners (Haert-
ing znd Hesse, 1870+ Sik). 1950'), though this dizease has been kuiown for cen-
‘turies. The induZlion of a few locz! sarcomas in rats following injection of cobalt
mezal (Heath, 1954%) might be 2 stimulus to further experimental work.

We are well advized 1o be ready to recngnize new farms of Lizzard in any
industrial process, but it is even more important to advise dnsury of the
dangers that are likely to be inherent in the manufacture or use of suspected or
proved carcinogens. This was certainly done when the uew plants for eSecting
the catalytic cracking of olls were set up {Symposium on a Cancer Control
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is confined to making a classification of the most important and to discuszion of
those with which the authors are most familiar {Tabie 1. It seems hurdly
neces»ary to sav that. befure it can he claimed that any particular form of cancer
has an indusrrial origin. it must be shown that the incidence s significantly
higher in exposed workmen than it is in the general population. This is not
alwavs easy, as mordidity statistics of cancer in most countries are nos availeble,

bospital statistics being quite failaciousiy high. Secondiy, in sitex where thers iz 2
high natural incidence. any occuparional risk tends 1o he masked.
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A very ‘:'igniﬁc:‘.nt- ~f:1(‘t h:\.s been oh=en-e¢i by many workers and hasz Deen
3 “amount'' or incidence of caucer in any
given populat xon dnes nor svary =‘e.1tl},- as regards either =ex or rzre, but the
proportions of the different “forms™ or stes of cancer mAY vary areativ. For
sa example. there is 2 h:gh rate of carciloma in organs pecuisn T o the female, In
eonirast with the high rures in jung and stemiach in the maje. Similarly, primary
-arcinoma of the lver i hizh in the Javane-e in Surmatra. but insignidcant in
st Eurcpean popularions. “There appears to he a general law that when in a wiven
v, popuiation the incidence of cancer in one particular orgzn i markediy inereased
compared with another population. there is then a compensating ecrease in rhe
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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
eltered by industrial forms of the disease.

OCCTPATIONAL CANCER IN THE DYESTUFFS INDUSTuY

TWhy should 1 in 10 or even more of men engaged in the manufacture and
usage of certain dye intermediates (aromatic amines) develop tumors of the
bladder? These workers are exposed by inhalation, ingestion and absorption of
these compounds through the skin and yet the tumors are located ia the bladder.
This striking observation 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.

females and rare under 33 vears of age} the risk is
users and purifiers are affected in descending order of severi

There is no evidence that aniline is

constant at 13 to 20 vears,
age at entry of 2 man into

being 2 marked featt

TABLE 2
OCcTRRENCE OF BLADDER TOTMORS IN MaNUFTacTT=Ers axp Usims or DyzsToUvr
InTErMEotaTes (Caze 22 429
Popuintioe 2! Risk = 4522 Mea o

the indusiry. This is linked with the fact that it is the
length and not the severity of exposure that matters. individual susceptibilit? * -3
ire. There is no special tendency for indusirial tumors o b2

Zxpected ceatds io comparabie general
popuiniion

Acrual deaths in industry

Actual cuses io industrw

Rizk in industry

Chemicai exposure

Age of onsat
Induction period
Degree of maiignuncey

Survival aiter dizgnosis
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30 times that of generni pnpulation ey
Benzidine i
Beta-naphthyiamine -3
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arshie 10 tumors of biadder i geoe
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il

1
.

*
An extremely good survey of tumors of the urinary bladder in workmen en- -3
gaged in the manuiacture and use of certain dyvestufl intermediates in the
British chemical industry has recently been pubiished by Case und his ussociates® 23
(Table 2). They have shown that although there is a sinall spontaneous iocidence =7
of bladder tumors in the general population (214 times greater in males thanin .
is 30 times greater in chemical
..workers and the age of ouset is on zn average 13 vears earlier. Manufacturers, - -
ty, the noxjous sub- -
stauces being 2-naphthyiamine, benzidine and pessibly auramine and mogenta. =5
is incriminated. As the induction period is
the age at onset of the disease is dependent upon the =
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mwore OF Less malignant than spontaneous ones. This is ¢ xilling disease, ouly 20
ser rent of 2il cases Zaving survived more than [0 yeurs fvem the Srst recognirion
of the disense,

{n 1035, certain ajterations in plant and technic were made and these have
reduced the misk just significantly, but another 243 cases (over and above the 262
wraced cases in a popuiction of 4622 men) may be expected 2among British workers
engaged in the manuiacrure of chemicals during the rext few years. In 1043 and
1930, more drastic plant alterations were made and we can expect these to hear
‘ruit in about 1963.

AMeanwhile, we nead to be ever vigzilant in recognizing as occupational tumors
any that may oceur in other industries in which the dyestutf intermediates are in
use. Case and Hosker (1051)° have recently demonstrated an occupational
bladder-tumor risk in the rubber industry in England and Wales. Attention was
drawn to this by tke fnding of a high incidence of biadder tumors in the hospital
records of 2 County Borough which is an important center of the rubher industry.
Iv is probable that the risk was introduced into the industiv in 1928, when 2
vertain antioxddant degan 1o be used. The latier was known to huve caused
hladder tumors 2mong the men in the chemical industry who manufactured it,
and iv contained about 2.5 per cent of free napnthyiamine, both alpha and beta
isomers. The treatment of the rubber ~mix’’ containing the antioxidant
voiztized quantities of naphthylamines. It needed a most laborious and careful
search of records of many kinds to establish this risk on a sound statistical hasis
and it is satisfactory to report that the manufactrurers of the antioxidant im-
mediately ceased its manufacture and the users discontinued its use and de-
siroved old stoeks.

Of great interest 10 the experimmental worker is the search for the reasons for
the localization of the tumors in the urinary traet, or perhaps the wider concep-
tion of localizarion zlung the routes of excretion would he preferubie. If 2-
naphthyiamine is administered by feeding to dogs, all the animals will eventually
rdevelop tumors of tke bladder. though the number 2nd Iocation wiil vary it
individuais (Hueper and Wolfe, 1937;% Bonser and her co-workers, 10314
It 2-napnihyviamine isfed to mice, hepatomas or benign choiangiomas will oceur.
If fedd 1o raty ar mmbbits, 2o0azicnel bonign papillomas of the biadder will be seen.
It benzidine is fed o dogy. Sladder twmors occur after many years (Spitz, per-
sonsl communication), but if injected into rats, hepatomas and acoustie gland
tumors wiil be found {Spitz, Maguigan and Dobriner, 1030} i injected into
mice. hepatomas oriy will aceur (Bouser and her associates. unpublished obser-
vation) (Table 3). Such locaiization of tumors suggests that 3 important factors
must be st work: (a) speries variations in biologic rezponse: (b} excretion nf the
sriginal chemical or its metabolites zlong a specific pathway; and (¢) concentra-
tion of these substances in certain sites.

A study of the metabolism of 2-naphthylamine in various species showed that
a conversion of the amine to 2-amino-1-naphthol conjugates necurred and that
the capacity to form tumors was roughly proporiional to the conceutration of
these substances in the urine. Tn the dog, the ratio of urinary to ;emm content of
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TABLE 3
REspoNsE OF SPECIES TO ADMINISTRATION OF DYE=TUFY INTERMEADIATES
Spevies ! Chesmical Tumor
Man - 2-Naphthviamine © Bladder carcinoma
: Benzidine 1
Dog . 2-Naphthylamige . Bladder carcinoma
. . Berzidine [
Cat 2-Naphthyiamine . Not known
. Benzidine !
Ferret " 2.Naphthylamine i Not knowa
. Beazidine )
Mouse . 2-Nuphbtbylamine ; Hepatoma
" Berzidine .
Rat 2-Naphrhylamine BladdAer papilloma
Berzidine Hepatoma, acoustic glaad
careipoma, intestinal
i ' carciooma
Raboit 2-Naphtbylamine Bladder paptiloma -

Not knowa

metzbolites was approximasteiy 200:1. In addition, the dog was found 1o have s
high level of unnarv sulfztase, \vhich would aid in the liberation of free 2-
mine-l-naphthol from the conjugutes. A consideration of these factors has led
to the hrpothesiz that aromatic amives and azo-compounds procduce their
carcinogenic effects at distant sites along the routes of excretion berause they
undergo metadbolic ¢changes in the animal body. which, coupled with certain

favorabie local factors, determines their site of o
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TARLE 4

INCIDENCE 9y CANCER 1IN ASBESTOS TUNTILE WURKEIRS 47 POSTUORTEN INAMINATION

Ca. . Tubes- | Luag Cancer ' Prritonesl
camaiivated \sne«x. and ! and tCancersad
Asbestonis  Asoestosis : Asbestones . Asyestonis
M OF M F ; M F oM OF
Niambner of cuses inwestigated postraortem (V2 2 IS 12¢ 3,12+ 2 13
{avidence of lung cuncer {(per ceat) 1281 8.7
Averuge age at death MOt 4V - 38(1)
Avernge sge al starting work 31621 25(12) . 27(10) |
Averuge period of exposure {years) : : : '
Total WA, ISa2y . 28710)
Prioe to 1931 14010) ° 14Ty 12(10)
In cases entaring after 1931 32y TGy !

* One man had asbestosis, tuberctdosis and lung cageer.

t Figures ip pareatheses represeat the number of cnses for which the infermation
was available,
and 28 females. In Table 4 the data in regard to the association of ashestonis and
uncer are given. Cancer arising primarily in plewrne, lungs or brouchi was
present in 29.1 per cent of males and S.7 per cenr of females. This significantly
higher incidenee in males may be accounted for by the fact that 7 women died
befure the cancer age, 4 [allawing smarturitisn or abarrtion and 3 from tuber-
culusis. There was no significant diffierence in average age nt death, average period
of expusure or average age of starring work hetween muaies with uncomplicated
arbesinsiz and those aith the complication of {ung cancer. This is interesting, as
in the dvestulf industry leath was accelerated by the superveation of biadder
cancer. It wus noted that the degree of Sbrosis was rather less in the lungs with
cancer than in those without. Tuberculosis significantly lowered the age at deat

A falr azsessment of the perind o7 sxnasiire is dfifioudt in such 2 series of (liza.
Taking imo account the known fact that after 2 corrinogsn has ceased to be
appiied to 2 ussue 2 latent period is recuired before the development of the
malignant chenge. 3t was deciuea 10 use the perind from the firss entry inro the
fuctory until dearh as tne perind of expasure. This disregards abseyces irom the
fuetory for wny reason. It also presuppe~es that once the fbers have guined

access to the lung the carcinogenic prucess Is set in mwticn, hecomiung fully
deveinned at the end of the latent period.

Two interesting features deserve mention. The morbid anatomy anel histology
of the 13 inng cancers of which full nores were available was unu-ually varied.
Four were large tumors situated near the lung hilum. disseminating in char-
acteristic fashion aud of adenocarcinamatous or oat-cell tpe. Seven were situated
in the periphery of the lung, usually near the hase, 3 disseminating by biood aad
lvmph streams and the other 4 remalning confined to the lung suhstance. Six of
these were adenocarcinomatous or of oat-cell type, 1 being spindle ceil and
possibly o rhabdomyosarcoma. Small peripherul cancers were described by
Rueburm und Spencer 103318 ax the likely precursors of the large hilar masses
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132 BONSER ET L. Vol. 25

usuzlly seen at postmortem examination. The peripheral cancers in this verjes
may, therefore, represent 2 stage prior to hilar involvement. Two tumors were
pieural in distribution, 1 disseminating and 1 not. Both were adenocarcinomas,
the former haiving spindle-cell areas,

Attention must also be drawn to the 4 peritonezl cancers, | in 2 male and 3 in
females. This is 2 very high number in such a small series of cases. All these
tumors were anaplastic carcinomas, the primary site not being found in any
organ, The possibility of an origin from the sequestrated bronchial epithelium
present In the diaphragmatic areas of hyaloserositis is suggested, bui without
any clear proof.

No adequate comparable posimoriem muterial from persons working under
factory conditions and not exposed to ashestos dust is available with which to
commpare the incidence of lung cancer in asbestos workers. The incide:ce here
cited is vers high 2nd by comparison with the incidence in iron-ore miners must
be hignly significant. The occurrence of oceupaticnal lung cuncer in the exposed

fernale is noteworthy.

In connection with this particuiar form of indusitial hazard, it must be em-

phasized that since the introduction of regulations for the control of ashestos dust
in 1931. the amount nf exposlire of the workers to dust has been enormousiy

reduced and we shail therefore evpect to see a disappearance of those severs
ezrees of pulmonary fibrosis that have besn deseribed heretofore and possibly 2
diseppearonce of associated cancer. All the present caszes that had ashestosis and
cancer bad besn exposa! prior to i931.

Q.

2. Cancer of the Lung in Iron-Ore Minrers

(TSF) has zad 2 unique opportunity to study this disease

. 1834).33 He has personzally conducted p 1

rations on 192 Cumberiand hemartite miners during b
. .

a

addition has performed postm

o
"l
»

]

zbove e age of ) vears, unselected in regard to cancer or lung disease. The dif-
; { tieaily significen:

ference in inecidence of lung caucer in these 2 groups iz statistical
o~

the miners’ luags contained muck
siitea and iron at death, but there was no siznificant difference in the content of
R ; i -ith and without cancer. There was. however, ac

either mineral in the iungs wi i
interesting difersnce in the degree of Jbrosws {(Tabie 6) and this has greater
sigrificance when ¢ similar ocourrence in reiation 10 ashestosis i3 remembered. Au

i as oat-¢oll CF SQUATMOUS cancers.
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b 1353 OCCTPATIONAL CANCER 12

TARLE 8
Mriverar CoxTEXT, DTATION 0F OCUTPATION AND DULMONARY FIREOSIS 1%
Iron-Ore JMixzxs

Averaze Per. r

Aversge !eeminge .\Iic:n.lj
Number in ( Average Age; Durztion of i Conteet 0 Oy | Dewrrwe of
Group ar Ueath | Occuzation Luag Fiorosis
| Nean! {
{ Dsitia | rom
L. . . ! B
Broackial ¢arcinoma 153 61 32 (11) {I 1.11 1 3.3 +
Finrosis alone 59 &0 3+ (20) J 1,15 6.3 e
Fibrosis and tuberculosis 73 37 ] 23 (a8 1.14 {1 3.4 -
No dbrosis and no tuberculosis 25 62 i 2 (19) ! 0.53 { 4.04 Q

Figures in parentheses represent the number of cases in which the informutiog was
avaiiable. -1 .

The common factor in these 2 types of occcupational lung cancer is silica, and

it is suggested that this may be the carcincgenic 2gent. The presence of silica (as

silicic acid) causes pulmonary fibrosis, which precedes the initistion of the malig-

cazt process. The Sbrosis is usually of lesser degree, however, in those lungs in

~hich cancer supervezes. On published evidence the case for an eticlogic re-

latignship between nodular silicosis per se and lung cancer is much less strong
b

<han in silicosiz czzccisted with siderosis and in asbestosis. Fueper (1932)?

examined the literature very thoroughliy and came to the conciusion that “the
avaiiable evidence supporting a causal relation between siiicosis and cancer of
the lung is unimpressive.” It seems possible, therefore, that the Aibrous nature of
ashestes of the presence of hematite dust may exert 2 modifving effect on the
chemical action of the silica or on the Abrotic process itself. Further study of the
nature of the carcinogenic process in pneumoconioses is thus obviously nesded.

SUAMALARY

The value to the camcer problem as & whole of the study of occupz*izza
rencer in the fleld and by experiment, together with the time lag between thes
2 aspects, is discussed. A short consideration of the total zmount of cancer in
any population follows, and 2 classification of the tvpes of recognized occupa-
ticnzl cancer. ‘

More detziled comsideration of industrial bladder and iung cancer follows.
[n regard to the former, the extent of the hazard, the rature of the chemicals
invoived and their metabolism in various species are discussed. In regard to the
latter. the occurrence of lung cancer in 2 group of 72 male and female asbestos
textile workers and in 192 hematite miners in Cumberland, England, is de-
seribed.

®

REFERENCES
L. Boxser, G. M., Cravsox, D. B., axp Jrir, J. W.: An experimental inguiry into the
., o vwiez of industrial biadder cancer. Lancer. 2: 296-287, 1951, .
= Buxser. G. M., Cuarsoy, D. B., Jrwe, J. W., anp Pryran, L. N.: The carcinogenic
properties of 2-amino-1-naphthol hvdrochloride snd its parent amine 2-uaphthyi-
amune. Bat. J. Cancer, 8: 412~323 1032,

—

oo
- .
e o
VS
cotd
'
-1
. ~
. H
1,
et e
PRIV T
- T
NEREE
-
s i
ol
RIS B
S ).
Y.oulo-
R T
:’5
o=
3 AL
Hordoy
e - ?
e -
B )
- M i
L '
N
R
1
-
Q:‘{‘-\
BRI AP
g
PSR RS
- .

vt L RIE PP ISNY RPURTRP P Y SV 2 P e R SO T Ot S

DECR

!"'..

53

It

=

iyt

*
; T
S 3 I
o i
TANIE B
R 3
o9y ]é
AR S
T B
.14t
AR T
5 ¥ i

H :
s I
H et
s 1«
i- HES
[ .
3 P
: ;*
3 =
1 -
Fh tos
! HS
e l__:
P31 %
o3
I T




ety 1y

:; A e A (o :ﬁ
mw"

R oo W;NM—\;_ R TG e X5 5 e T R T o I e P ol —TA Tt
.' \-— = -:" ’-L::\"-#mi—‘_ e;,pm ‘Q' = -'&- ‘T-\)—vqu::"? -"%“.‘i’?’ .;A’..‘-Jz‘:?;f‘—

s pg\ymw "'?B.EW- %r e -v‘,igx —,.’7;, g SRE R d a2 e
..:L ,‘;,z" X = > ‘. ‘3 " _,.,_ rs;-r m‘ ‘-",-A._",;.;-:(.;-';.’: < S :.:;-';-\, e

134 : BONSER ET AL. ' Teol. 25

3. Cast,R. A. M., axv HoskEr, M. E.: Tumour of the urinury bladder 2s an occupstional
disease in the rubber xndu.'.tr\‘ in England and Wales. Brit. J. Prevent. & Soc. Med.,

: 8:39-30, 1954.

4. Casz, R. A M., Hosxzz, M. E., McDoxatp, D. B., axp Prarson, J. T.: Tumours of
the urinary bladder in workinen epguged in the niapufacture and use of certain
dyestufl intermediates in the British chemical industry. Part 1. The role of aniline,
benzidioe, alpha-naphthylamine and beta-nsphthylamine. Brit. J. Indust. Med.,

4

BT TR TP

. 13: 75-104, 1934,
‘ 5. Crarsox, D. B.: A working hypothesis for the mode of carcinogenesis of aromatic
N ) amines. Brit. J. Cancer, 7: 46071, 1933.
‘ 6. Cramzer, W.: The importance of statistical investigations in the campzign aguinst

cancer. Rgport of the 2ud Internat. Congress .xg:uns:. Cancer, 1: +31—339, 1936.

T . Hazrmixe, F. H., axp Hessg, W.: Der Lungenkrebs, die Bergkt*nk‘:eu in den Schoee-
! berger Gmoen \rti;scar,f ge"xchtl. Med., 30: 206-300; 31: 102-133; 313-337, 1870.
8. Heats, J. C.: Cobalt 2s a esrcinogen. Nature, 173: 8§22, 1954,

9. Hcreen, W. C.: Occupationsl sad environmesntai pulmosary cancer nith speful
reference to pneumoconiosis. P'oceemnga of the 7tk Saranac Sym 1poszu-n of Preu-
moconiosis, 1952, in press.

Hoerer, W. C., axp Worrg, H. D.: Experimental production of aniline tumor in-
dogs. Am.J. Path.. 13: 656-673. 1937.

11. EexNaway, E. L.: The data relating to cancer in the publications of the Geperal

3.

.

e tnmnr et b e A e e s 0 B

4
—
o
.

— e
,'0.1-

* Reg‘utmr’s Office. Brt. J. Cancer, 42 135-172, 1030,

{ 12. Passey, R. D.: Experimental soot cancer. Brit, NMed. J., 2: 536-340. 1022,
e > 13. PorT, P.: Chirurgical Observutions Relutive to the Cat.\.rnc the Polypus of tHe Nose,
3 P

= - the Capcer of the Serotum, the Different Kinds of Rugp :ure: and the Mortifcation

of the Toes and Feet. London: T. J. Carnegie, Hower, Clark and Pollins, 1773, p. &3.

14, RaeBTRY, C., 4ND SPENCER, H.: A study of the origin and deveiopment of lung cancer.
Thorax, §: 1-10, 1933,

13. R.x}:gg\ L.;"Blasengcschwﬁ]stc bei Fuchsin-Arbeitern. Arch. f. klin. Chir., 50: 333600,

3.
T 16. 3rx1, H.: Lber der Lungenkrebs der Bergleute in Joachimstal (Tschechowiowskei).
tsehr. {. Krebsforsch., 32: 609613, 1030,

17. Srzgg’é\xr, ML Diagnosis of pulmonar;: ashestosis st necropsy. Brit. Med. J., 2: 500,
1928,

18. STrwarT, M. J., axp Favivs. J. S.: The pulmonary Sbrosis of huematite miners. J.
Path. & Baet., 39: 235233, 1934,

19. StewarT, M. J.. AaxD Huapovow, A. C.: Demonstration of the pecu. fiar bodles cf pui-
monary asbestosis (‘‘asbestosis bodies’) in materizl obtained by iung pusnciure sod
in the sputum. J. Path. & Bact., 32: 172, 1029,

20. S"Eﬂ'm‘, AL J. « TaTrErsAlLl, N.. axp Hapoow. AL C.: On the occurrence of ¢lunips
of ashestosis bodies in the sputurn of aushesatos warkers. J. Patk. & Baew.. 35: 737-
741, 1932,

21. Q\'mboau on n Cancer Control Program fnr Fir%.Boiling Catalyvtically Cracked
Oiis. Arch. Indust. Hvg. & Occup. \Med.. 4: "'):. 1951

22 Ser7z, 8., Magrican, W H., anp Doent\ta K.: The carcinogenic action of denzidine.
Caneer, 3: T88-304, 1930.

s ewénid
N

S trad e Lok Nk W, 159

ISR orhng

S pes 1 IR - : ‘ s -
m 1. L
fAs) oS :



