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Hekk are several reasons for presenting

in detail a case report and a review of the

available literature  dealing with  the
reladanshin between occupational expusure to
asbestos and respiratory tract malignancy. The
apparent tncrcase in bronchogenic carcinoma,
especially in males, reported in the past decade
has led to scrutny of respirable dusts as possible
ctivlogy. Most English ubservers!™? are satisfied
that there is a statisticallv significant increase
in  pulmonary malignancy among  ashestos
workers. Some American writers consider that
the cxperience to date does not support this
contention. ** The work of Graham,®7? Doll and
Hill.% and Ochsner® ™ has created much interest
in_the corrclaton of cigaretie. smoking with
hronchogenic carcinoma. E. R., whose case is
Terein presenited. was exposed to  harmiful
amounts of ashestos dust and was a chain
smoker. This provides speculation 4s to the
passible role of two eriolagic agents.

rew reported cases of lung cancer related to
industrial asbestos exposures *provide data on
the character and quantity of dust exposure.
Thix is a' serfous deficit in exact studv of etiologic
correlation. In the ‘clinical report presented
herein State authoritics have determined by
ineasurement that the asbestos dust expasure
of this man during his twelve ycars of work was
considerabl. above the safe level, which is con-
sidered to be five million particles per cubic
foot of air for an eight-hour working dav.

It is pertinent 1o this presentation that there
are probably about 10,M0 workers engaged in
potentiatly hazardous asbestos manufaciuring
operations in the United S:ates.)' Middleton
reports the number in (ireat Britain as between
3,000 to 53,6002 Most of the industry is engaged

& in usbestus rexule manufacturing producing

r

incujating mattresses, brake linings, fire proof

curtains and clothing. The chicf operations are
disintegration of the crude mineral, carding the
fiber, separating the more vseful fong from the
short fiber, spinning, plaiting and weaving the
asbestos, often with cotton. Insulating material
is produced by mixing magnesia, diatomaccous
earth and other materials with asbestos 1o make
cements or fillings for insulating boilers, engines
and pipes. Other non-textile ashestos products
so made include asbestos cement, sheets, hrake
and clutch linings, electrodes and switchboard
pancls.

Asbestos i3 a hydrated magnesium silicate.
The chief supplies are in Canada, Cape Province,
Italy, Rhodesia and Russia. Asbestos dust given
off in manufacturing prucesses consists of frag-
ments of fihers and small rounded or angular
particles. Actual studics in industry show the
siz¢ and shape of the particles of ashestos to be
such as may gain entrance into the bronchioles,
Experience has led to the acceptdnce. of five
million particles of ashestos per cubic foot of air,
of small enough size to be respirable, to be the
safe working concentration. . .

Some operations because of their dustiness

are more hazardous than others in asbestos
manufacturing. Bagging the ashestos, separating
the long from the short fibers, carding, spinning
and weaving show a greater statistical evidence
of ashestosis than do other operations. As might
be expecred, the longet the duration of exposure
the greater the number of cases. In the Mere-
wether and Price series there was one case under
four vears’ exposure, and up to 33.6 per cent
with f{ifteen to nineteen vears’ exposure. 4

CASE REPORT

L. R. (MGH #7333861.'% a {ortv-one vear old
ashestos mill worker, entered the Massachusetts
General Hospital in April, 1951, The chief
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T2 Asbestosis, Bronchogenic Carcinoma—1Isselbacher ¢l al.

Fic. 1. N-rav cf chest. The lower lobes are reduced in
size ard show a “honeycomb" partern. There is an
increase 1n lirepr and nodular markings. A density is
scen in the region of the lingula with enlargement of
iwvmph ncdes ia the left lung root, suggesting a tumor in
that area.

coruplaint was progressive low back pain which
had heen present for four months and was only
partially relieved by aspirin. In addition, one
month before admission the patient noticed
increasing dyspnea on exertion, a worsening of
his chronic productive cough, night sweats,
anorexia, feverisnness and a 10-pound weight
loss. He had worked in an asbestos mill for
about Lyplep vears but had stopped working
there {of two vears prior to this hospital admis-
sion. In the il he had spent one year in the
*picker rootn” where crushing, grinding and
sorting of long asbestos fibers was carried out.
He also worked tive years in the carding room
where the concentration of fibers had been
determined by authoritics to be considerably

‘above the safe level. He used one can of snuff

and smoked on an average of one to two packs
of cizarettes dailv for many years. For seven
or eight vears he had been aware of clubbing
of his fingers: une Aight dyspnea was present for
abuout two vears. There had brea no hemoptysis.

Physical examination revealed a chronically
iil and dvspneic man with evidence of weight
loss and cvanosis of the lips and nail beds. The
Lluod pressure was 110775, pulse 96, respira-

tions 30, and temperature 99°¢, oraily. His chest
was thin and showed poor expansion. There
were dullness and reduced hreath zounds at
both lung hases with sticky inspiratory crackling
rales over the region of the left lower lohe. The
left border of cardiac duliness was 10 cm. to the
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* These studies were perfarmed by Dr. Joha Afeldt, Departroent of
Physnlogy, Harvard School of Puble Health,

1 ACTH 100 mx. intramuscuiaciv tur (oo dat s,

{ Body suriace area was 1.62 4. .

left of the midsternal line in the fifth inwrspace;
there were occasional extra syswoles; P; was
greater than A,; there was some pulsus para-
doxus. Liver and spleen were not felt. There
was tenderness of the spine over L4 with spasm
of the lumbar musculature. He had extreme
clubbing of fingers and tees.

Laboratory data revealed a normal urinalysis.
Hemoglobin was 14.0 ¢m. per cent and the
white count was 5,700, with a normal differen-
tial. Chest x-ray revealed the lower lobesreduced
in size and showing a honeycomb pattern.
(Fig. 1.) There appeared to be a homogenous
density in the linqula with enlargement of
lymph nodes in the left lung root suggesting a
tumor in the region of the left lower lobe, Films
of the spine indicated areas of increased and
decreased density in the fourth lumbar vertebra
giving the appearance of metastatic malignancy.
Electrocardiogram showed non-specific T wave
changes. Non-protein nitrogen was 27 mg. per
cent, CO. 294 mEq./L., alkaline phosphatasr
4.9 Bodansky units. Repeated examinations of
the sputum were nedative for acid-<€ast orean.
isms, ashestosis bodies and nialignant ceils. Two
bronchoscopies revealed obstruction of the left
lower lobe bronchus. The patient was given a
trial of ACTH 100 me. dailv intramuscularty
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Asbestosis, Bronchogenic Carcinoma—Isselbacher el al.

for ten days. Clinically there was no change
except for tuphoria. Pulmonary function and
cardiac catheterization studies were performed

. Iefore and after ACTH and likewise showed no

siznificant chanees. (Tables 1 and n.) Cardiac
catheterization did reveal chronic cor pulmonale

723
blood count was 6,500, hemoglobin 11.5 gm.
per cent. :

It was believed that the patient had pneu-
monitis in the right lower lobe and carly cor
pulmonale with congestive failure. He was
digitalized, given mercurial diurctics, anti-

Taprg 1
CARDIAC CATHETERIZATION ST\'DH".S- BREFORE AND AFTER AC.THT
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normal valuest®. .. _ . ; 145 ' 20.0 190 96. | 30/10 i 15 : 3.2
Before Rest.,...... ' 180 ' 19.3 18.1 : 94 - 36/14 21 4.47
- ACTH jMild exercise i . . ) ; ‘ ,
e ~2 munl).L 0 30 ' ' 43/14 28 ' 5.55
Afeer Rest........ i 156 7.4 16.6 v 9 . 38/15 ! 23, 4.02
ACTH { Mild exercise - i ! = I !
(2 mm.). ., 349 ! 52/22 ‘ % 1 6.97

i i
i !

* These studies were performed by the Cardiac Catheterization Unic of the Massachuscits General Hospital,

including Dr<. G, S. Myers, A. L. Friedlich, J. R. O'Neill, G. Cohen and J. . Scanncll. ) .

+ ACTH 100 mg. intramuscularly for ten days.

with slight pulmonary hypertension; after
exercise the pulinonary hypertension increased

and significaiit. arteria) oxygen unsaturation

appeared. : -

Before discharge from the hospital he received

radiation (1,200 r} to the lumbar spine with no
relief of the back pain.
For several weeks after discharge the patient

_.seemed somewhat better and returned to light
“work. However, the cough-increased markedly
and he had severe dyspnea at rest so that after

twu months he had to be readmitted. Physical
examination on re-entry revealed a temperature
of 100.4°F. rectally, pulse of 120-144, respirations
30 per minute. He had marked tachvpnea,
moderate cvanosis and such dyspnea that it was
very dithicult for him to speak. There were many
inspiratorv and expiratory wheezes throughout
the luny fields. At the right base there were moist
buhbling rales together with dullness, reduced
tactile fremitus and increased vocal fremnitus.
The left horder of cardiae dullness now extended
out 12 cm. Tresu the rudsrernal line, Py was
much londer rhan A The liver wae omcussed
down e, Croevhmaadt and there
was 2 pios ool e he whie

A
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biotics (penicillin and streptomycin), and was
in an oxygen tent most of the time. Chest x-rays
now were suggestive of lymphatic spread of
tumor. In spite of all therapeutic measures [ever.
dyspnea and cvanosis grew worse. He became
confused and died on the thirty-fourth hospital
‘day.

At necropsy the patient was emaciated; the
thorax was lengthened in the anteroposterior
diameter. There was clubbing of the fingers and
tocs.

On opening the thorax the lungs did not
collapse but remained inflated, completely
filling bath pleural cavities. The majority of
the pleural space was obliterated bilaterally by
dense fibrous adhesions between the visceral
and parietal lavers. Both the wvisceral and
parietal pleurae were markedly thickened, gray
fibrous membranes measuring up to 0.3 cm.
thick, There were 100 cc. of clear straw-colored
thnud loculated in the left base. The interlobar
(issures were obliterated by fibrous tissue,
Scattered throughout the adherent lavers of the
Jiaphracmatic pleura, especially on the rign,
woere 2 munber of whitish gras, shine plagues
“t 3 e Jong; these resembled similar plaques




72 Ashestosis. Rronchogerae Caveinona Dosfhacea o -

Freo, A A<bestirs boadies in the bimg, The l‘|llh-whupt"d.q.‘

berachied asbwstogis Dexlivw ar-= w0 an the alveotar dor tigzad ,:
surranindesd by maciaphages and dnse cedls™; 2 0077 vo
. e
Fie. 2. Cut sorface of left lung after formaiinfixanuoe. was collapse ot ibe intesventng parenchvima: - 3
Note diffuse puliwonary fbrosis and rmarked pleural The vetas and arteries appeared normal, 5T
thickeninge whach oblirerates the interlobur tisture - . Phere were adhesions between the \'l"«‘( rat o ;
. and parietil percardinm bath at the apex x and: - 4
seen on the upper surface of the liver, to e the base The apical adhesiuns were thin fbraus, © -5
deseribed. The lunes weighed 2,710 i, were strands hut those at the base were extensiuns g7 f:.";
voluminous amd very firm throughout: no dis-. | the firn tissue describied in the left lower ol | ‘/_a-)
erete noctuies could be fele. (Fig, 200 Mudple bwonchus.  Phe heart weighed 360 em. Thede 5 =
sections showed a nsiform brownish gray surfiee was involvement of the left awrium and unrit'ﬁ“\" {oem
throughoii exeept in the left lower Jobe where by thick, firm, grovish pink tissuc lor an ardy -3 )
there appeared to be a ditfuse marked fibirosis measuring 2.5 ov (L7 o, rht‘ remaining m\d—a P
throughout the parencavina. The left lower cardiuny appearsd uptimnoled aned measarerd
labe bronchos was cumpletely occluded 1 ocune 0.0 e thick in the miein sentriele, 1.3 emean
from ity orivin In pinkish gray, firm tissae for a the el The endocardinen anag calves were
distance ot 1.4 ¢mu: here the bronchus mieasuged nreative
1.7 em in diiueter: the firm pinkish wroy Fhe diaphragins coutmned o grasmh pink
tissue  oxtended  into the narenchving o o arens of plaque-lihe ihickening whach measured
distance uf 17 e Stndlar tssue extended o up e 03 e ot Phese were seen on
this pueint in the bronchus o the plewa el Jne bhoth the piewrnt and pertoneat surfaces, were
the wall of the b atrium wiich was odbiereng apprsed and lovsel adbereng to <andlar cone
to the oleurs at this point: the wross ateiad ine Hoeat areas in Glisson™s capsule, The remmmnine
valvermment meastred 2.3 by 07 epo e areans. with “he exception of the fourth fumbar
The upper fobe tronchl were rewd cwd - vertebea, were negative, This vertebea o ncared
roewed Iy thicks winte fbrous coan, oo ronn apalescent and cesembled e Lo s cans
lower and o sore extent the vegnt mtoche e stabeney was softer than the adpacest orteiene,
left lower loin hronchi were dillied, and cere o by anpcared o have inereased porasig,
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Fiz, 4. Squamous metaplasia in the alveolar ducts; note also asbestocis oodies and interstitial hbrosis; < i

Fie. 5. Adenocarcinoma invading the mvocardium; X 100,

- The lings were scetioned “topographically;
sections from all seginental bronchi were taken
near the hilum, the mid-fobar and the periph-
eral areas, These basic histologic patterns could
he seen:

Fibrozis: Throughout the lungs there was
peoliferation of filirous tissue around the bronchi,
the arterics. alveolar ducts; the interlobar septa
and pleurae were also thickened, There was
perinranchial and alveolar duct fibrosis in hoth
apiczs. and slicht alveolar wall thickening as
demonstrated by connective tissue stains, The
hbrosis increased in the remaining portions of
the lungs, was heaviust in the hilar and mid-lobare
arcas hut extended to the periphery, This con.
firtned the gross impression of diffuse fibrosis.

Asbestosts bodies: Ashestusis bodies were present
in all seetions. (Fig, 31 These wert seginented
iihers averaging Su long, some straizht and
some clubssnaped. athers resemnbled dumb bells
which stained dark brown on hematuxylin-eosin
preparavons, and blue on Prussiun blue (iron)
preparations. Particles of icon-staining dust and
lareer, easilv idenufiable ashestosis body parti-

\OVEMKER, 17353

cles, were present in the macruphades. The
distribution was equal bilaterally, being <light
o moderate in the apicai scgments, quue
marked in the remainder of the lung ana oc-
curring with #qual intensity in the hilar mud-
lebar and peripheral zones.

While most of the ashestosis hodies were seen
in the bronchioles and alveolar duess, a few
could be seer in the alveol, and friements wers
found bodh in the macrophages ang in the
tvmphatics. Severidd aggrecadons of -sbostosis
bodies were fuund in the bronchi. Fragmented
ashiestos tibers were lound wostly in the imacro-
phages but -ccasional ironssiaining  particies
were funnd free un the aveoinr walis. Much,
hat Ly no weesans all, of this nuterial in (he
mnacrophayges 'ovk the iran stain,

{nflummatary response: The chief inflanumator
cells pespunaicg w the treitant were the macre-
nhages. These cells were seen in almindance e
every section: they Hned up aloag the watls o
the aiveolar ducts. nlled the luieing of bron.
chioles and wiveali, and were found thenughou
the septa and Gbrous tissue, Most of these con-
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Ashestosis, Bronchogenie Carcinoma-

-Issell.acher et al.

Nevan dithrac uon b of ooy sesadoe of 1
lor abweeten wive freinve pronsd th g e lang readue i caentally asheston,

R.”

I'hie dinea listed wien comparid o the known patiern

Table ot 1) lnes:

4,52 2.42 Vool
420 2 1 53¢
3.35 2,114 1 4
2.08 1.84 1 a4
’ 2.6" 1.70 1.3%

A OB.A zm. sunple of toralized lung tisue was divested in 20 volumes hydrogen peroxide, the digestion being

decrlevatd with centle heatuog,
waszhed and ivnitead it ey

The residue frong the diguon was treandd wath ddute hydrochloric acid, filtered,
I'ne iwnited residue was analvzed by serav ditfftactiion by the method desenbed in theé |

iuticle by Hanawalr, 1, l) Rinn, H. W, Frevel. [ K., “Chemical analvsis by seray dilfractwn,” frdust. T Fng, Chem,

fral. Fl., vol 10, v, )
Powdbg and Tasvranee (.nmp nv, Bemton., Mass

taitiecd brows pement granules many of which
ok an on stnn, and portions ot astestosis
bodies were alse foand in the macrophagex.
t These ceils fave been called dust cells and are
thought o Ly down the iron on the ashestos
hber, coustituting the asbestusis Lodyv.) Anthra-
ol plgmeat was also poesent in the macros
phages, Malvinudleated viaat cells of the toreien
hods tvpe were found in abundance in all areas:
many of these contatned birefrinzent asteroidal
bodies. Few  Ivmphocswes were seen:  those
present were seattered  around  the
near the hilian A\ tew tocal areas of bronchopnen-
toma with pols morphonuclear iniltration wefe
presenty these had no particular eelation or
loention to auv grouping of the ashostosis bodices

and were undonbtedly 2 terminal phenonenaon. ”

Throughout the lungs many air sars were
dilated and contained o granular eosinuphilic
material, probably fibrin. Sume of thiese pines
were undercuing organization, mainly.;'in alve-
olar ductz; this tepe ol fibrosis probably accounis
for a simall pereentage of the wotal Ahrosis seen,

Lrench: The bronchiof the lower lohes showed
matked  broncheetasis: there was  dilatatiorn,
theosis of the msscular coat and peribwond hiai
fibross, While the later was most marked in
the raver lobws it was seen i the hilar and ond-
s remions of almost all <sevinents, Anothet
stithinge fearre was widespread  squinnons
atctaplasg of the'hronebaal epithelium. (Fig 5
i weas most marked in the alveolar ducrs:
aas totmd in s aress gl was nor partienlais
reiated woogiaphicaly o the adenocareion s
sieneribedd Liter,

heonchi |

Blowd veaels: The arteries and artetioles of the
richt middle and botle iower lobes showed
mederate intimal thicheuitn: with hvalinization
and narrowed Iumina, This wis most marked
near the hila but was found accasionally Larther
into the periphery.

Tumer: Adenocarctnonia was toand originats
ing i the infertor lincual sedinent of the el
upper lobe bronchus, The tunmeor was present
in the mid-zondl avca ol e apneal posterior
seament of the deft upper ‘the  entire
lintula and et lower lobeo as wodl as the righe
middle and tower lobes, 1t had spread by sub-

*mucosal and l\ulph.nic routes Scctions of the
left atrinm yhowe
left hilim into e pericardin and myoear-
dingr, (Fig. 3.0 Meaistatie tuinor was seen i tie
Tourth lutubar vertebira.

dAshrvne Taramdemay”, The whate  plarues
described in the disphrawin and Gilisson's cap-
sule were made up ety of hsalinized con-
neetive  tivaue, '
cells were seen. Fhrse disoneii, e
surgested eraoelomas,

Nerny difraction stodics were darried out on
itsamele of furmalized tung tisene e resulting
gattern ndicated thi residue was

HHELHHN RAATALT () T
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Noashestosiz inudies or giane
areas arogsly
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Astusosis may bes detined s o specitic occu-
pitienat direase caused by the inhalation ol
1 ane Jeaciing o a progressiy e
Gbrosiz and eorrine wiothin the lunes Y It b
been demaonsirated 'a Guandner® and

ashestus Lihen
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Asbestosis, Bronchogenice Carcinoma - Inweliacher et al.

Vorwald®™ that usuallh the  discase will nt
ocenr wiih Bbers less than 20g in length w g
coneeniration hedow tive auillion particles peer
calae oot of air,

I he pathalogie processes resulting "fram the
inhalation of ashestos particles are pelicved
tee due not o their chomieal nature bu,
sather, the conscquencr of mechanica! ievinaion
trom ihers lodged in the tespiratory tree,fS 3
The inhaled particies are, in veneral, oo Large
o pass bevond the eespiratony bronchiokes and
wr they remain there 1o inidate a0 foreiyn body
reaction which mventualiv feads to fibrosis
The pathologic sequence of  events can
considored oecurring in thiee stases, (1.
desquianation and - exudation, 2 fnmadon
of ashestoms Ladies and (30 ibaosis and scarring,

The e bbers trammanize the epithetial cells
luing the smaller bronchioles and the constarni
writaton and Miction canse the cells o desqua-
wate. Macropiniees pour furth in an cfort 1o
pletoeyiize the hlwrs, Tn our case fragmenied
dehestosis ponddios were also seen within macruo-
phages ad Waapicities. A second reaction 1o the
aetwesros ther tn the lnng is the production of the
sn-ciled ‘v This results
from o reaction occurring between the ashestos
patdch and surrounding tissues. 1o is a thicken.
ine of the fiber due to the deposttion along s
course of g protein matrix containing iron
which ;mlmhl\ serves to reduce the Chrouie
irritaton.?* Phese baodies may be (‘umd in the
spuatun lung, plenra, lviaph nodes aned sph-« 1,54
Iheir presence is hiebd o be evidenee of exposare
vy ashiestos buat by themselves are not necessarily
an indication of ashestosis, 7979

The third and most significant tissue u‘\punw
15 the pmriucunn of fibroblasts and the deposis
ot o collagen about the distal heonchioles
antd aivenit. There cnsues a ditfuse nhrosis which
compresses the alveoli and capillanes, resulting
in compl e obliterauon of the inveved pubiyo-
nary tisse, This process s wiore pronounced in
the losver [obes of the lung tor i i there that e
particles are most abvndant, By xarmy ope woes
Ao, ground elass or eranudar patiern i e
lower lobes and treanenin emphasemna in the

sraper fobes,

Tey

a8

“asowstusis body”

Lhe scquence of patholugic svenis dowerhed
provonsdy goears slowly, the

o s e

In
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. '
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ithtny L vamas

teteds s progeeas cven o

veased L ot 1 S this ddies qun 0 e

. | N . . N
o e e vase b s D e e -

et contetb ey v e e
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I general there i g delay of five to seven
vears hetweern: the initial exposure w high con-
ceniations o sslustos dusts and the anvet of
elinieal The average iuu'r\'al res
ported by Moerewcthier s cleven vears™ While
with ashestosis hase had 1
enposure of ten W sixteen vears, it is important
w realize that the discase has occurred with as
short an industrial expusure 05 0,3 vears, b2
Usuallv no svmptams appear untl o laree
part of the respiratory reserve has heew reduced
by the tibrosis, Merewether has trequenthy come
mented how warkedly the lungs can be aifected
and vet the paunent he fairly comfortable,?
However, when ssmptoms once lwegin an

Inhiestoses

ot p.uu nts

stenificnut dvspnea becomes apparent, there i{l’".;

wallv a dennite and rapid progression, Then,,,
productive cough, anorexia, weight loss and -
fatigue are the conunon complaing, Death
eveniually
cor pubimonale or carcinomir of the luny.

I he case herein presented demonstrates many
the signilicant {vatures in the pathodenesis,
svinpiuimgtology and nautral course of ashestosis, .

resufts from intercurrent inlection, ©

['he patient had worked for twelve vears inan™

. . - ’
atnwephere havine a concentration of aslestos |

particles known o he suflicient o
pulimary pathology, However, 1t

curing the last vear ol ife that dvspnea. cough,
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poisoning who usually show a favorable re-
sponse 10 steruid therapy.®?

Two further aspects of this case merit more
detailed  consideration and analysis: (1) the
pulmonary function and cardiac catheterization
studies; and (2} the significance of the superim-
pused bronchogenic carcinoma.

PULMONARY FUNCTION AND CARDIAC
CATHETERIZATION STUDIES

Table 1 indicates, as on¢ might expect, that
the patient had a reduction in vital and maxi-
mum breathing capacities. However, the finding
of an alvcolar-arterial oxvgen gradient of
27 mm. Hg demonstrates that one of the dis-
turbances in pulmonary function was a defect
in the diffusion of oxveen from the alveoli of the
lungs to the capillaries. This corresponds to the
syndrome of “alveolar-capillary block™ de-
seribed by Baldwin, Cournand and Richards®' -
and again by Austrian et al.?* This diffusion
defect is not surprising when one recalls the
fibrosis about the alveoli, alveolar duets, capil-
laries and bronchioles that occurs in asbestosis.
In order for the patient to maintain a near
normal arterial oxygen saturation, a high
alveolar oxyegen was necessary; and this ap-
parently was accomplished in part by hyper-
ventilation. The patient had an average
respiratory rate of 40 per minute at rest. This
compensatory mechanism apparently was not
adequate during stress or exercise for under
those conditions the agterial oxvgen saturation
fell. There was a considerable degree of pulmo-
nary hypertension and, as in the cases of pulmo-
narv fibrosis studied by Cournand and his
associates, a rise in the pulmonary artery
pressure occurred with exercise. (Table 11.) The
partial pressure ol carbon-dioxide in the blood
(36 mm. He) was low normal rather than ele-
vated. Had there been a defect in alveolar
ventilation, the pCOa would probably have
been higher. .\»> Arnor emphasized in discussing
this casc'* carbon dioxide is not impaired in
s transfer from the blood to the alveoli because
of its great diffusion capacitv. This speed of
diffusion pius thie tncreased alveolur ventilation
no doubt accounted for the lowered pCQ; value.

ASBESTOSIy AND CARCINGMA OF THE LUNG

The association of ashestosis and carcinuma
of the lunz has Licen mentioned frequently in
the literature.!=% 35 Heretofore soine authors
have hbelieved that the cises were too few in

NOT v

v
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number to be of significance; others, especially
‘orwald and Karr, have stated that “inhaled

. dusts, except those containing recognized carci-

nogenic substances (as radium and tar) cannot
in general be considered as etiologic factors in
the development of primary pulmonary carci-

Taste m
INGIDENCE OF ASBENTOSIS AND CARCINOMA OF LUNG

{ No. of

. No.Ducto| Inci-
Author Deaths with | Cancer of ' dence
Ashestosis l Lung ! (%)

(S S
Merewcthert, . 235 3 13.2
Wedlert*, .. ... .. 92 15 16.3
Wyers?, ......... 115 17 14.8
L.ynch, Cannon??, 40 . 3 t 7.5
Gloyned . . .. .. 21, 17 14
foul. . . 603 83 ' 13.8

noma.* Qur conclusion at present is in favor .
of the concept that the association of Lroncho-
genic carcinoma with ashbestosis is more than
coincidence. That there is a significant incidence
of bronchogenic carcinoma in ashestosis is
apparent from Table w1

Merewcther has cited the largest series—of
235 cases of ashestosis there were thirty-one with
bronchogenic carcinoma, or 13.2 per cent.! An
average of the five analyses recorded in the
literature is 13.8 per cent. This is considerably
higher than the incidence of lung carcinoma
in routine necropsies, which in a comparable
period (1935-1948) ranged from 08 w 2.4 per
ccnt...l?.b{

In contrast to asbestosis the incidence of
bronchogenic carcinoma in silicosis as recorded
in the two largest scrics has been similar to
what might be expeeted in the general papula-
tion. The data cowpiled by Merewether! and
the Miner's Phthisis Medical Burrau of South
Africa’? are based on a total of 6,884 and 1,438
autopsied cases of silicosis respectively, and
disclose an incidences of lune carcinoma of
1.32 and 0.70 per cent. Vorwald and Karr found
two lun:? carcinomas in 136 silicotics (1.47 per
cent). Klotz*" noted an incidence of 8 per cént.
but his series ot fiftv cases does not scem large
cnough o be statisticallv significant. However
Glovne® in reviewing necropey material from
1929 o 1949 1796 cuses) also described the
surprisinely high incidence of lung carcinoma
in silicozis of 6.7 per cent, and 7.7 per cent in
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the pneumoconioses as a whole. In this sume
series 8.3 per cent of cases without any poncuino-
coniosis had cancer of the lung, Merewether and
Gloyne's cases were analvzed over a comparable
perind of time so that it seems unrcasonable
to interpret the fivure of 6.9 per cent as reflecting
the increuse uf lung carcinoma in the general
population. The diserepancy in the daw proha-
biy is explained by the fact that Gloyne's
material was sclected from the pneumoconioses
in which the histories and x-rays were “unusual.”

Glovne noted that 14.1 per cent of patients
with ashestosis had lung carcinoma. This figure
parallels the observations of previous workers
and is significandy above that recorded for
silicosis. \\s has been mentioned the asbestos
particle probably acts as a mechanical irritant
while the pulmonary changes in silicosis are
considered due to the chemical properties of
silicg.tr ™

Carcinoma of the lung appears to be promi-
nent in frmales with asbestosis. OF Merewether's
thirtv-one cases nine were females, or 29 per
cent, and in Glovne’s series of secventeen cases
the incidence was 41 per cent. In the published
autopsy reports dara as to the sex of the patient
arc available in twenty-three, of which five
(21 per cent) were females. In contrast, the
incidence of bronchogenic carcinoma in females
in the general population is considerably lower.
Lindskog noted an incidence of 4.0 per cent,®
Graham’ 5.4 pec cent, Doll and Hill* 8.4 per
cent ‘and Ochsner'® 1073 per cent. The higher
figure in ashestosis supports the theory that
ashestos particles act as carcinogens.

Experimental production of neoplasins has
demonstrated that chronic irritation of bhody
tissues by inechanical means may predispose to
the development of malignancy. Ashbestos par-
ticles when lodged in the finer bronchioles serve
as mechanical irritants to the bronchial epi-
thelium. The squamous metaplasia of the lungs
found frequenty in asbestosis is presumably a
cunsequence of prolonged irritation in the lower
respiratory tract. Some pathologists consider
squamous metaplasia as an alteration in the
cellular structure that may precede or be the
initial step tow ards the development of squamous
cell careinogna.®*

\ lag period”™ between the exposure o a
pussible carcinogen and the onset of malivnancy
is characteristic. Nordimann®® noted in his cascs
that the average duration between the initial
expusure to astastos and the development of
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bronchogenic carcinoma wast about eighteen
vears, Similarly Merewether! found that patients
dving of carcinoma of the lung had a longer
inecan exposure to ashestos (16.5 vears) than
those dving with no evidence of imalignancy
(13.4 vears). Finally, a short but “adequate™
cxposure may  be followed by pulinonary
malignancy many vears later. In Merewether's
scries is the case of a woman who was an ashestos
worker for only six months vet later developed
lung carcinoma. Gloyne?® reported the casc of
a woman with an exposure of nincteen months
who died fifteen vears later at the age of seventy.
one with a squamous cell earcinoma of the right
lower lohe,

Table v summarizes the pertinent informa-
tion of the twenty cases of ashestosis with lung
carcinmina that have been autopsied and re-
corded in the available literature. Four cases
have been added to the list compiled by Hom-
burgeri® in 1943, It is noted that in about four-
fitths of the cases in which the primary site is
indicated the vrigin of the neoplasms was in the
lower lobes. This is in contrast to the general
population where hranchogenic carcinoma seems
to be more frequent in the upper lobes. In
Lindskoy's®® scries there was un incidence of
57 per cent in the upper lobes, 26 per cent in
the lower lobes. Ochsner' found 36 per cent
in the upper lobes and 35 per cent in the lower
lobes. No conclusions should be drawn from
the small number of cases listed in Table 1v.
Nevertheless, since ashestos particles lodge to a
greater extent in the lower respiratory tree
where the changes of asbestosis are also more
pronounced, a higher incidence uf carcinoma
in this location should be expected if an etiologic
relationship exists. In our case the asbestosis
was widespread and severe, und the twwmor,
which origipated in the inferior (lingual) seg-
ment of the left upper lobe, was in an area
significantly involved Liv the fibrosis and in-
Hammation of asbestosis.

It is alsu noted in Tuble rv that twelve of the
nineteen previously 1ecorded cases had lesions
of the squamous cell type. The incidence of
squamous cell carcinoma is said to be high in
male cwarette smokers with pulmonary malig-
nuncv.® At dutupsy our patient showed both
squainous metaplasia and adenocarcinoma of
the lincula. It may be of significance that he was
a chain sinoker for over twenty vears in view of
the observation by Wynder and Graham? that
males with adenocarcinoma of the lung are

- v +
} ]
-y

LD

66 15322

e ek L R e S g




730
frequently chain sinokers. However, it is our
helief that the presence of an adenocarcinoma
rather than one of the squamous cell type may
he explained by the fuct that it is not unusual
to tind several cellular tvpes in various sections
of the same uunor.®® Therefore morphologic

Asbestosis, Bronchogenic Carcinoma-—Isselbacher et al.

carcinoma in 13.8 per cent of the cases cited in
the literature. In silicosis the incidence is con-
siderably less than this. The ashestos particle
may serve as a carcinogen because of the
chronic mechanical irritation it produces.

5. Since there are approximatcly 10,000

TABLE IV
SUMMARY OF PUBLISHED CGASE REPORTS IN WHICH AUTORSY DATA ARE CITED

H
Sex !
(¢cupatinn

i ke (yr.}

Fymh, Sivith? - ML 5T 5 Wenrer

© FO3 0 Spinoer

; F. 71 Mastrew and open-

. Ing depariments |

ML 4 Weaver '

' N Y Packer, wores de-

! pariuem

F. 35 _ Cander, spinwer,
weaver

M &5 Prespinning
assemnbiy rwem

'M 'm Weaver

Lolom e i~ 5
Glavne . 1S
tubers. {gers?
Ll et

"%
19%

Nordmann#t 1938

Nordmann . 1938

Lo b, ™ SNputh. 174

Hollels,#* Angri. . 1yl ‘ M, 52 Pipe msnlanr

|

Haileb, Angrai . . . T 1941 M, 50 Pipe usulater

(M.t !

- M. 57 Machine adjusun

M, 50 Bagger

1 M. 45, Not known

"M, 43: Not known

F. 49 ' Nu known contact
: with asheuos

tinshach, Wellepst |
Detieutes er 3l 4
Desmeules et al. | .
Humburger* ., ., .
Homburgen,
Hesunburger

1041
[GIY

. 194¢
1942

. 1042
| 1942 1

.

Curewn® 1948 37 I Pipe coverer

M. » l Asbrestus worker
M, 40| Pipe coverer,

Qwendl

. ... 1951
Seell, l'uu. Angmlh S

1951
Present authors M, 41

. 1982 Asbestes mit] -

worker; sorier
i

i
K
I
|

i '
Duration ! Freedom I .
J‘ Fxpemure i frum Eapesure | Natureof 1 wmur)

Primury

Si Metasinws
befoure Death i ‘ e

—_— ————

R.L.L
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i Many nodula w
R.IL.L.
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|
A | Widepresd
| i LU L. and pleurs

4 awe, + Ngquamous cell

ar
15w

Suamous cell
Mjuaomws ceil

| Glandular
Qar el

)

e S

! Nopramoun rel

‘ .

rSquanmas with  R.L L,

. wlandular \

. feature

. Non-keratmz-

IR AquAmaous
Vovelied
i Qar eell

vr 1.L
L e, LL

wetl L LLLL

. Liver, kideyvs

12y LI " Widespread
" Pleura. medic

asunal nodes

“Nar,

Mediastinal nodes,
:+ adrensl, bxiney

kUL

Tar,

10 ye, KIL . Wedespread,
including bram
None
Pleura
Pleura

Lhaphragm

| Mpuanmions cell R L.
Abhvenlar ceil L lung
Squamous o=fl R, lung
sruamous cell R lune
Anaplasuc I L. Pleura

, squamons cell K. lane Taves, adretal,

' sturnach, hilar

! i © Ixmph nodes

tsquamows el LLLL Pencacdium, hver,

! ' kuiney, uvares,
{rinur

Nuare

hutntsa, hraia,
liver

AMyvocardium, pen-

known
1 mn
4 mo
' ter.
| 17 ma.
Not known

15 v,

! Adrenocarvinuma® R lune

+ Anaplasne : Ne tetinire
boate

; Ademwars incuna. Linguia

i ! cardium, spine,

H . tewunial oodes

\ ' ' .

;. 20%r.
" Abeut 4 0 5 vr

« ¥F.

differences in cell arrangements mav not really
represent different “etiologic varieties of cancer.

SUMMARY AND CONCLUSIONS

1. A case of ashestosis with superimposed
adenocarcinoma of the lung with metastases,
following documented harmful industrial ex-
posure, is presented.

2. ACTH (adrenoucorticotrophic hormone)
was given with-na_gbjective chanacs in the
p.m(-m s clinical course. —

Pulinonary function and cardiac cnthclcr-
iz.mun studies were performed belore and after
ACTH. They revealed an alveolar diffusion
defect and pulimmonary hypertension.

4. Ashestos s ussociated with bronchogenic

NOTE:
NGT

workers c¢ngaved in  potentially hazardous
ashestos operations in this country, it is reason-
able to assume that there are manvy unrecognized
cases of ashestosis. From the evidence presented
a hicher incidence of bronchogenic carcinoma
should be expected in this group.

Addendum: Since the subumission of this inanu-
script a similar case has been observed by us
(MGH #778203). The patient was a forty-six
vear old contracter’s helper whaose work since
age seventeen consisred ol cutting and sawing
ashestos board to insulate pipes, hoilers and
refrigerators. For vears he had sinoked one
package of cizarcties daily. He died after a year
uf illness during the last tour months of which
he received 5,000 r of deep x-rav 1o the left chest,
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At autopsy the lungs were firm and weighed
3,330 gm, There was a poorly differentiated
adenoecarcinoma arising from the left Jower lohe
bronchus, alinost completely replacing the left
lower lube. The tumor had spread 0o the Jeft
upper lobe, hilum, pericardium, pleura and
.diaphragm; and had metastasized to the right
lung and adrenal. The remaining lung tissue
showed peribronchial tibrosis, focal alveolar wall
thickening and numerous asbestosis hodies, sur-
rounded by macrophages filled with asbestosis
body particles and foreign body giant cells. The
asbestosis bodics were seen in equal distribution
in all parts of the lunqs not completely involved
by tumor.
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