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“ Case Reports

Ashestosis and Bi‘oﬁchogcnic Carcinoma”™

st of One Autopsied Case and Review of the Avatlable Literature

- -

Lot Koy 2o Issersacuri, s, Hlaxsa Koaus, v, and HMawrwrt L. Haroy, M.
L Boston, Massachusells
NETEU :

several reasons for presenting

izil a case yeport and a veview of the
} Terature dealing with  the
o bBrtween ovcupational exposwe 1o
~d respiratory tract malignaney. The
nersase i bronchogenic careinoma,
Sinneles, reported in the pist decade
-G x sorutiny of respivable dusts as possible
v. Most Faglish observers'™ are satisfied
it a2 statistically significant incrvase
malignancy
Sorre Amtevican writers consider thin

DoLary among  ashestos
coretienee 0 date does not support this
=47 The work of Graham,®* Doll and
Sar 3 Ochsner® 1 has ereated much interest
jo correlation of cigarcite smoking with
checenic carcinoma. B Ry whose case is
sonted,  was exposed  to havmful
of ashestos dust and was a chain
This provides speculation as ‘o the
<iole role of two cuiologic agents.

Fow seporicd cases of lung cancer refated 1o
esirial ashestos exposures provide data on
characier and quantity of dust exposure.
21 iz e serions deficitin exact study of eticlogic

2. In the clinical report preseited
a1e authorities have determined by
nt that the ashestos dust exposore

i daring bis twelve yowrs of work was

i w bhe five million paticles per cubic
sir fur an cight-hewr working day.
that there
B ohably about 10,000 workers engaged in
sorentafly hazarvdous ashestos manufacturing
ratons n the United States. ! Middleton
s-rovis the mnmnber in Great Britain as between
ST w0 300072 NMost of the industry is engaged

I: is pertinent to this presentati:

sing mattresses, brake Iinings, fire proof

Tiany

Wy above the safe level, which is con-+

~oashestas textile manufacturing producing -

curtains and clothing. The chicl operations arc
divintegration of the erade mineral, carding the
fiber, separating the more useful Jong from the
short fiber, spinning, plaiting and weaving the
ashestos, often with cotton. Insuluting material
is procced by mising magnesia, diatomaceous
corth and other materials with ashestos to make
cernents or fillings for inanlating boilers, engines
and pipes. Other nen-testile ashestos produets
so made include ashestos coment, sheets, brake
and cluich huings, clectrodes and switehboard
pancls.

Ashestos is a hyvdrated magnesinm silicate.
The chicl supplics are in Canada, Cape Provinee,
laly, Rhuodesia and Russia. Ashestos dust riven
off in manufocturing processes consists of frag-
ments of fibers and snall rounded or angular
particles. Actual sindies in industry show the
size and shape of the particles of ashestos 10 be
such as may gain entrance into the byonchioles. !
Experience has Jed 10 the acceptance of five
million particles of asbestos per' cubic foot of air,
of small cnough size to he respirable, to be the
safe working concentration.

Some operations because of thoir dustiness
are more hazardous than othars in ashestos
manfzcturing. Bagging the ashustos, separating
the lons from the short fibers, carding, spinning
and weaving show a greater statistical evidence
of ashestosis than do other operations. As might
Lie expeeted, the Jonger the duration of exposure
the greater the number of eases. Tn the Mere-
wether and Price series there was one case under
four years’ expusurc, and up to 53.6 per cent
with fificen to nineteen years” exposure.’

CASE REPORT
E. R. (MGH #733386),'" a forty-anc ycar old

ashestos mill worker, entered the Massachusetts
General Hospital in April, 19510 The chief

rom the Dopartments of Medicine and Pathology, and the Occupational Medical Clinie, Massachusatts General
ftal. Beston, Mass. This work was supported iu part by the Naional Tnstitutes of Health, Division of Resrarch
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Fii. 1. Neriy of st The lower Iobes are reduced in
size wnd show a “honeyeomb™ pattern. Thae i an
increise i lncar and nodular minkings. A density s
seem in the vegion of the Jingula with enliugeinent of
lyzaph nndes i the Teft hing root, suggesting a tino in
that arvca.

complalnt wax progressive fow Lack pain which
had Leen present for four months and was only
partially relicved by aspirin. In addition, one
month before admission the paticnt noticed
increasing dyspnea on exertion, a worsening of
his chronie productive cough, night  sweats,
anorexia, feverishness and a 10-pound weight
loss. He had worked in an ashestos mill for
about twelve vears but had stopped working
there for two years prior to this hospital admis-
sion. Tn the 1iill hie had spent once vear in the
“picker room™ where crushing, grinding and
sorting of long ashestos fibers was carried out,
He also worked five years in the carding room
where the concentration of fibers had  been
determined by authoritics 1o be cansiderably
above the safe Jevel. He used one can of snufl
and smoked on an average of one 1o two packs
of cigarcties daily for many” vears. For seven
or cight years he had been aware of clubbing
of his fingers; e flight dyspnea was present for
about two yeass. There had heen no hemioptysis,

Physical examination revealed a chronically
il and dyspneic man with evidence of weight
Joss and cyanosis of the Tips and nail heds. The
blood pressure was 110/75, pulse 96, respira-

tons 30, and temperatare 99%. orally. s chest

was thin and showed poor expansion, Thepe

were dullness and reduced breath sounds at
both Tung bascs with sticky inspiratory crackling
rales over the region of the lefi lower lobe. The
lefi border of cardiie dullness was 10 cm. to the
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Jeft of the mikdsternal line in the fifth interspace;
there were occasional extra systoles; Py was
greater than As there was some pulsus para-
doxvus. Liver and spleen were not felt. There
was wnderness of the spine over L-4 with spasm
of the lumbar musculature. He had extreme
clubhing of fingers and tocs.

Laboratory data revealed a normal winalysis.
Hemoglobin was 14.0 gm. per cent and the
wlite count was 5,700, with a normal differen-
tal. Chest x-ray revealed the Jower lohes reduced
in size and showing a honcycomb pattern.
(Fig. 1.) There appeared to be a homogeious
density in the Hngula with enlargement of
lyioph nodes in the left lung root suggesting a
tumor in the region of the left lower lobe. Films
of. the spine indicated arcas of increased and
decreased density in the fourth Tumbar vertelra
giving the appearance of metastatic malignancy.,
Electrocardiogram showed non-specific T wave
changes. Non-protein nitrogen was 27 mg. per
cent, CO2 29.4 mEq./L., alkaline phosphatasc
4.9 Bodansky units. Repeated examinations of
the sputum were negative for acid-fast organ-
isms, ashestosis bodics and malignant cells. Two
bronchoscopics revealed obstruction of the Jeft
lower lobe bronchus, The patient was given a
trial of ACTH 100 mng. daily intramuscularly
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wit ten days. Clivically there was 1o change
except for cuphor Pulmoenary function and
cndiac catheterizaion studies were prrform('cl
s efure and after AUCTYIT and likewise showed no
genificant changes. (Fables 1 and n.) Cardiac
caibeterization did ceveal ehronic cor pulmonale

Ashestosis, Bronchiogenic Carcinoma-  Taelhacher el al. 72

.
3
Blood count was 6,500, Lhemoglobin 1.5 gm.
per cent. )

Tt was helieved that the patient had pneu-
monitis in the right lower lobe and carly cor
pulmonale with congestive failure. T was
digitalized, given mercurial - diuretics, anti-
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qudics were prefonined by the Cardine Ca

T

Meterization Unit of the NMasachusetts General Hospital:

including Drs. G. S Myers, & 1., Pricedlich, . R, Q'Neill, G Cohen and Y. G Scannedl

§ ACTH 100 mg. intromusenlarly for ten days.

with  slight  puhvonary Lypertension; alter
exercise the pulimonary hypevtension increased
and  significant arterial oxygen unsaturation
appeared.

Before discharge from the Lospital he reecived
vadiation (1,200 1) 1o the lumbar spinc with no
relief of the back pidn.

For several weeks after discharge the patient
wemed somewhat betwer and returned to Jight
work, Howeves, the congh increased warkedly
and he had sovere dyspnea al rest so that after
two menths he had 1o be readmitied, Physical
exanynaiion on re-eny revealed a temperature
of 100.4%, rectally, pulse of 120-144, respivations
30 per winute. He had navked  tachypnea,
muderate cyanosis and such dyspnea that it was
very difficult for him to speak, There were niany
ingpiratory and cxpiratory wheezes throughout
the Jung fields. At e right base there were moist
Lubbling rales together with duliness, reduced
tactile fremitus and increased vocal fremitus.
The lefi border of cardize dullness now extended
out 12 cm. from the midsternal line. Pa was
inuch Jouder than A.. The liver was percussed
down two and a ball fingerbreadihs andd there
was 2 plus ankle edema. At this time the white

NOVEMBER, 1953

biatics (penicillin and styeptomycin), and was
in an oxygen wnt most of the time, Chest x-rays
oW WCIG SUREUstve of lymphatic spread of
twmor. In spite of all therapeuiic Imeasures fever,
dyspnea i CYATIOSES Erew WOorse. He became
confused and dicd on the thirty-fourth hospital
day.

At necropsy the patient was caciated; the
thorax was lengthened in the anteroposterior
Jimneter. There was clubhing of the fingers and
{oCs.

On opuning the thorax the Jungs did not
collapse  but remained  inflated, completely
filling both pleural cavitics. The majority of
the pleural space was oblicerated bilaterally by
dense fibrous adhesions between the visceral
and pavictal lavers. soth the visceral and
parictal plewrac were markedly thickened, gray
fibrous membrancs measaving up o 0.3 .
thick. There were 100 ce. of clear straw-colored
fluid loculated in the Jeft base. The interlobar
fissurcs  were  obliterated by fibraus iissac.
Seatiered throughout the adherent Jayers of the
diaphragimatic pleura, cspecially on the right,
were a mamber of whitish gray, shiny plaques
0.5 cm. long; these resembled similar plaques
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Fic. 2. Cut sweface of Ieft Tung after forranlin fixation.
Nowe diffuse pulrouiry fibrosis and marked plearal
thickening which sbliterates the inierlobar fissure,

scen on the upper surface of the Tiver, o e
described. The Jungs weighed 2,710 gin., were
voluminous and very firm thronghont; no dis-
crete podules could be felt. (Fig. 2.) Multiple
seetions showed 2 umform hrownish gray surface
throughout except in the lefi ower Jobe where
there appeared (o be a diffuse marked fibrosis
thronghout the parenchyma. The left lower
labe Bronchus vaas completely occluded 1 em.
frany its origin by pinkish gray, firm tissue for a
distance of 1.4 cu; hiere the bronehus measured
0.7 em. in diancter; the finn pinkish gray
tissue extended into the parenchyma for a
distance of 1.7 e, Simil..+ tissue extended from
this point i~ ihe “wonchus (o the pleura and into
the wall of vhe Joft atrium which was adherent
to the pleura at this point; the gross atrial in-
valvement measured 2.3 by 0.7 em. in extent,
The upper Tube bronchi were vivld and nar-
rowed by a thick, white fibrou- -

= The right
lower and to some extent the s

middle and
left lower lobe branchi were dit .y and there

Tsselbacher ¢t al.

e ? L) b

N S T N R .
Fra. 3. Ashestosis bodies in the ung. The clubs-shaped,
beaded ashustods bodivs e seen in the alveolar ducts,
surraunded by macrophuzes and “dost eells”; X 900,
was collapse of the intervening pavenchyia,

The veins and arteries appeared normal.

There were adhesions between the visceral
and parvietal pericardium both at the apex and
the base. The apical adhesions were thin fibrous
strands hut these at the base were extensions of
the firm tissue described in the Jeft lower Jobe
bronchus. The leact weighed 360 gm. There
was Involvement of the left atvium and auricle
by thick, fir, gravish pink tissue for an arca
measuring 2.5 hy 0.7 cm. The remaining imyo-
cardinm appeared uninvolved and measured
0.6 cm. thick in the right ventvicle, 1.3 cni. in
the left. The endocardium and valves were
négative.

The diaphragins contained firm grayish pink
arcas of plaque-like thickening which nicasurcd
up to 0.5 em. in dinmcter. ‘These were seen on
both the plenval and peritoncal surfaces, were
apposed and loosely adberent 1o shnilar con-
fluent arcas in Glisson’s capsule. The remaining
organs, with the exception of the fourth lumbar
vertebra, were negative. This vertebra appeared
opalescent and vesembled marhle, but its con-
sistency was softer than the adjacent vertebrac.
The body appeared to have inereased porosity.
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Ashestosis, Bronchogenic

Fis. 4. Squmnous pretaplasia in the alveolar ducts; note also asbiestosis hedics

Caarcinoma sselbacher ¢t al.

nd interstitial fbrosis; 104,

Fic. 5. Adenucarcinoma invading the yocardiumg X 100.

The Jungs wore cectioned  topographically;
scctions from all segmental Lronchi were taken
sear the hilum, the mid-Jobar and the periph-
cral areas, These basic histologic patterns could
e seen: :

Fibrosis: Throughout the Jungs thare was
proliferation of fibrous tissuc around the Lronchi,
the arteries, alveolar ducts; the interjobar septa
and plearac were also thickened. There was
peribronctial and alvealir duct fibosis in Loth
apices, and slight alveolar wall thickening as
demonsirated by connective tissue stains. The
fibrosis imereased in the remaining portions of
the hungs, was heaviest in the hilar and mid-Jobar
arcas but extended to the peripliery. This con-
firmed the gross o pression of diffuse fibrosis.

Asbestusis bodies: Asbesiosis bodies were present
in all scciions. (Fig. 3.) These woere scgmented
fhers averaging 50p long, some straight and
sorne club-shaped, others resembled dumb bells
which stained dark brown on hematoxylin-cosin
preparations, and blue on Prussian bluc (iron}
preparations. Particles of iron-staining dust and
larger, casily jdentifiable asbestosis hody parti-

NOvEMRELR, 1953

cles, were present in the macrophages. The
distribution was cqual bilaterally, being slight
to moderate in the apical segments, quite
marked n the remainder of the Jung and oc-
curring with cqual intensity in the hilar, mid-
Johar and peripheral zones.

While most of the asbestosis Lodics werc seen
in the Lronchioles and alveolar ducts, a few
could be seen in the alveol, and fragments were
found Loth in the mucrophages and in the
lynmphatics. Several aggregations of asbestosis
hodics were found in the Lronchi. Pragmented
ashestos fibers werc found mostly in the macro-

- phages but occasional  iron-staining particles

were found fice on the Steeolar walls, Much,

but by no mcans all, of this meterial in the
macrophages took the jron stain.

Diflcimalery responses The chief inflannuatory
cells responding to the jrritant were the macro-
phages. These calls were scen in abundance in
every seetion; they lined up along the walls of
the ahveolar ducts, filled the Jumina of bron-
chioles and alveoli, and werce found throughout
the septa and fibrous Hissuc. Most of these con-
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Fig. 6. N-fuy diffraction Flin of lung residue of F. R

*The lines listed when compared 10 the known pattern

for ashestos give posttive ool that the Jung 1esidue is essentially sshestos.
.-

+ ' Table of 1Y lines:
4.52 2.42 1.61
420 2.38 1.53
3.35 2.115 1.49
2.98 1. 84 1.44
2.67 1.0 1.38

¥ A-68.5 gm. sample of formalized hung Tisne was digested in 20 volumes hydrogen prroxide, the digestion heing
aceclerated with gentle heating. The residoe from the digestion was treated with dilote hydinehlorie acid, filtered,
washed and ignifed st 500°%, The ignited restdue was analyzed Ly xeray diffeaction by the method deseribed in the
article by Hanawalt, 1D, R, 13, W, Fievel, L. K., @Chemical analysis by x-ray diflvaction,” Jadust. & Frg. Clem.,
Anal. B, ved, 10, no, 9, 1936, Thix work was dune by R. 1. Chamberlin and A, Woeworcki, T, of the Massachnsetts

Bonding and Insurance Company, Bosun, Mass.

tained brown pigment granules many of which
took an iron stain, and portions of ashestosis
bodies were also found in the macrophages.
(These cells have heen called dust cells and are
thought to lay down the iron on the ashestos
fiber, constitwing the asbestosis body.) Anthra-
cotic pignmient was also present in the macro-
phages. Multinncleated giant cells of the forcign
Lody type were found in abundance in all arcas;
many of these contained bivefringent asteroidal
Lodics. Pew Iyiaphocytes avere seeny  those
present were seattered around the  hronchi
near the hila. A few focal areas of bronchopneu-
monia with polymorphonuclear infiltration were
present; these had no pariicular rclation or
Jocation 1o any grouping of the asbestosis Lodices
and were undoubtedly a terminal phenomenon.

Througheut the longs many air siacs were
dilated and contained a granular cosinophilic
material, probably fibrin. Some of these plugs
were undergoing organization, mainly in alve-
olar ducts; this type of fibrosis probably accounts
for a small precemage of the total fibrasis seen.

Bronchi: ' The bronehi of the lower lohes showed
marked bronehicetasis; there was dilatation,
fibyosis of the muscular coat and peribronchial
fibrosis. While the Jatter was most marked in
the Jower lobeos it was seen in the hilar and mid-
zonal regions of ali st all scgments. Another
striking  featwre  was widespread  squasnous
metaplasia of the bronchial epithelivm. (Fig. 4.)
This wits wost marked in the alveolar ducts; it
was found in all arcas and was not particularly
related topographically to the adenocarcinema
deservibed later.

Bload vessels: The arteries and arterioles of the
right middle and both Jower lobes  showed
moderate intimal thickening with hyalinization
and narrowed Tumina. This was most niarked
near the hila but was found occasionally farther
ntu the periphery.

Prmor: Adenocarcinoma was found originat-
ing in the inferior lingual segicnt of the leht
upper Jobe bronchus. The tumor was present
in the mid-ronal avea of the pical posterior
segment of the deft upper lobe, the entire
lingula and left Jower lobe, as well as the right
middle and lower Jobes. Tt bad spread by sub-
mucosal and lymphatic routes. Scetions of the
feft atrium showed dircet extension through the
left hitum into the pericardium and myocar-
dium. (Fig. 5.) Metastatic twmor was seen in the
fourth Tumbar veriehra,

Ashestos “grazulomas™: The white plaques
deseribed in the diaphragim and Glisson’s cap-
sule were made up chiclly of hyalinized con-
nective tissue. No ashestosis bodies or giant
colls were seen. These distinetive accas grossly
suggested granulumas.

N-ray diffraction studies were carried out on
a smnple of formalized tung tissue. The resulting
pattern indicated that the Jung residuc was
mostly ashestos. (Vig. 6.)

COMMENTS

Ashestosis may be defined as a specifie occu-
pational discase caused by the inhalation of
asbestos fibers and leading o a progressive
filvosis and scarring within the Jungs.?? Tt has
heen demonstrated by Gardoer® and again by
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Ashestosts, Bronchogenic Carcinoina: Isselbacher of al.

vorwald!™ that gsually the disease will not
aeeur with fibers lees than 20p in Jength or a
(.m(‘('nlrnti(m Lelow five miliion p;n‘ticlus per.
cubic foot of air. .

The patbologic Processes resulting from the
inhalstion of : “ave believed
w he due 1ot ‘o thedr chiemical natire but,
sather, the consauEnee of ipechanical irritation
fom fibers Jodged in the respivatory tree s 2
The inhaled }’)ar;?('lrs are, N grn(‘.)‘al, too large
W pass hevond the respiratory Bronchioles and
o they remain ‘here 1o initate a forcign body
eventually Teads 10 fiyrosis.?!
scquence of cvents can be
copsidered as pecurring in three stages: (1)
dcsqumn;stion and exudation, (?2) formation
of ushestosis bodies and (3) fibrosis and scarving.

The Jong fibers traumatize the tpit}idi:d cells
tining the smaller bronchioles and the constant
eitation and [riction cause the cells 1o desqua-
mate. Macrophages pour fortl in au cffort 10
p‘helg;ocyiizc the fibers, T our case fragraented
ashestosis bocies were Alsp scen within nacyo-
phages and lymp‘nntics. A second reaction 10 the
Ashestos iber in the Yung is the production of the

hody. 22 This results

aseslos particles

peaction which
The pathologic

co-called ol HSLOSLE
jrom a reaction occurring hriwedn the asbestos
prarticle and svounding Gesues. 1t is a thicken-
ing of the fiher due to the Jdeposition along 18
course of @ protein snatrix containing iron
which pruh;‘:hly serves to reduce the chronic
irritation.® These Lodies may be found in the
sputurm, Jung, pleura, hymph nodes and spleen.®
Their presence is hald to be evidence of exposurc
10 ashestos but by themselves are not necessarily
an indication of ashestosis, 102128

‘Phe third and most significant issue 1o SPONSe
i the production of filroblasts and the deposi-
tion of collagen Ahout the distal bronchioles
and alyveoh. here ensnes @ dilTuse Abrosis which
Ccompresses die alveoli and capillarics, resalting
in comnplete obliteration of the involved pulmo-
nary tissuc. Phis process is more 1‘)11)nmm(ic.d in
he Jower Jebes of the Tung for itis there that the
particles ars most abundant. By x-ray one sees
a finc, grovmd glass or grapuliar pattern in the
Jower lobes and frequontly emphysema in the
upper Jobes.

The scquence of pa\holugi(‘ events described

prcviously oecurs stowly. In man the fibrosis

wends to progress even after the exposurc has
ceased; however in animals this docs 0ot secm

1o be the case. Ttmay e that interemrrent infec-
13

Gon contributes to the progression in man.

sovemnik, 19 53

727

In geperal there s a delay al five to seven
years between (he ininal exposure to Ingh con-
centratiens of asbestos dusts and the onsct of
¢clinical ashestosis. The aveorage intcrval re-
ported by NMerewether s deven years? \While
most  patients with  ashestosis bave, had an
exposure of ten 10 Gxtcon vears, it s important
to realize that the disease his pecurred with as
short an industrial exposure as 0.5 )‘L-z-n's.""

Usually no symptoms appeav antil a larvge
part of the respivalory Feseme has been rednced
Ly the Ghrosis. Merewethey has {requently conts
pented how markedly the Jungs can be aflected
and yvet he paticnt e Cairly comfortable?
However, when symptoms and
significant dyspoca becomes apparvent, there 38
usually a definite and rapid PrOgression. Then
anoresia, weight loss and
compliaints. Death
infection,

once  begin

productive congh,
fatiguc  arc the
cventually resulis from intercunvnt
cor pu]n’lon;ili’ or carcinomi of the thang.

The case herein prcscnlv(l demonstrates many
of the significant fratures in the p:ilhu.)gvncsis,
symplu:‘rml(n]ogy and notural course of ashestosis.
‘The patient Jad worked for pwelve years inoan
armosphere having @ concentration of asbestos
w0 be suflicient 1o produce

L'Ulll]’lll’)]]

particles known
pulmonary pathology- However,
during the last year of life that dyspnca, congh,
anorexia and weight Joss manifested themselves.
Clubbing had Leen present for at least five
vears. He had a very rapid downhill course, duce
undoubtedly to the TWo assoctated factors-—the
ashestosis and carcinoma of the Jung. The
physical findings of clubbing, cyanosis and
duilness at the lung bases were all copsistent
with asbestosis as were the x-ray findings in the
lu- s, apart from the evidence suggesting neos
plasm. The oustanding sy ptom, the sovert
and progrossive dvspnea, was attributed w0 2
fibrosis, superini-

it was only

combination
posed and spreading Jung neoplas, pulmanary
infection and finally congestive faslure on the
Lasis of cor ]’)'.ﬂmonalcn

As ndicated in (he case history, the 1en-day
period of ACGTH thevapy was accompanicd ondy
mecasurements 1¢-

of pulmonary

Ly cuphoria but phjcctive
vealrd no significant changes. This was nol
Ssing for two Feasons: (1) the filbrosis had
obviously been of Yong duration and therefore
one would not expeet it 1o change nmch at this
Gme; and (21 he had superimposed Lroncho-
genic carcinoma. It 1 of inlerest Lo compare
these results o patients with chronic Leryllium

su

et c i
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poisoning who uvsuidlv show a favorable re-
sponse to steroid therapy.®”

Two further aspects of this case merit more
detailed  consideration end analysis: (1) the
pulmonary funcrion ar.d cardiac catheterization
studics; and (2) the significance of the superim-
posed bronchogenic cancinoma.,

PULMONARY FUNCHUN AND CARDIAC
CATIITLRIZ ATION 87 UDIES

Table 1 inclic-tes, 2s one might expeet, that
the patient had a reducion in vital and axi-
msun bieathing capacives. However, the finding
of an alveolararterial oxveen  gradient of
27 wmm. Hg devonstraies that vne of the dis-
tirbances in pu'monary funvion was a defect
n the diffusion of oxyzen fram the siveoli of the
himgs to the capillaries. This correspouds to the
syncdrome  of  “alvenlar-czpillary Dlock™  de-
seribed by Baldwin, Cournand and Richards?!#2
and again by Awstian ¢ al?? This diffusion
defeet is not surpiising when one recalls the
fibrosis about the alveei, zlveolar ducts, capil-
larics aud bronchioles thzt acours in ashestesis.
In order for the paicar o maintain 2 near
arterial oxygen  saturation, a
alveolor oxygen was necessa

nurmal hieh
rv; and this ap-

~ P S 3 - . -
parently was actomplished inopart by hypor-
ventifatinon,  The  poticar had  an avarage
respiratery vate of 40 per misute at rest. This
compenstory mechanism apparentdy was not

adeguate during stress or exareise for under
those conditions the arterial oxvgen saturation
fell. 'There was a consideinile degree of pulmo-
nary hypertension and, zs in the cases of pulmo-
nary fibrosis studied by Cowmnand and his
pssociales, a rise in the pulmonary  artery
pressure occurred with exercise. (Table 1) The
sartial preszuve of carbon diovide in the blood
(36 nnu. 1Ig) wes low normal rather than ele-
vated., Had thore been a dofect in alveolar
ventilaticn, the pCO. weuld probably have
been higher. As Arnot emnphast

zed in discussing
this casc'® carbon dioxide s not hnpaired in
its iransfer from the blocd w the alveoli Leecause
of its great diffusion capzeity. This speed of
diffusion plus the inereased alveolar veantilation
na doubt accounted for the lowered pCO, value.
ASPENTOSIS AND CARCINGMA OF THE LUNG
The association of ashestosis and carcinoma
of the lung has been meniioned frequently in
the Jiteratare, ' =335 Hercwofore some authors
have believed that the cazes were oo fow in

Asheziosis, Bronchogenic Carcinoma- -Jssellbacher et al,

nmnher 1o be of significance; others, cspecially

) Vorwald and Kurr, have stated that “inhaled

dusts, except those containing recognized carcl-

nogenic substances (as radium and tar) cannot

in general be considered as ctiologic factors in

the developinént of primary pulmonary earci-
Tarwe

INCIDESNCE OF =~ BISAND CARCINOMA OF LUNG

i No of | No. Ducto]  Indi-
Anghor v Deaths with | Cancer of | dence

© o Asbestosis Toung (%)
Merewether!. . b o 31 15.2
Wedler®, Lo 92 15 16.3
Wyers®, oo .L ... ! 115 17 14.8
Lynch, Cannon®, 40 3 7.5
Gloyned. ... ... .. | 121 17 141
Towl, oL ? 603 83 13.8

noina.’* Cur conclusion at present s in favor
of the concept that the association of broncho-
genic carcinoma with ashestosis 1s more than
coincidence. That there is 2 significant incidence
of broachogenic carcinoina in ashestosis s
apparent frorm Table ni.

Mercewether has cited the Jargest 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 s 13.8 per cent. This is considerably
higher than the incddence of hang ciarcinoma
in routine necropsies, which in a comparable
period (19353-1948) ranged from 0.8 10 2.4 per
C(.“l‘g,~17.5vi

In conuast to asbestosis the incidence of
bronchogenic carcinona in silicosis as recorded
in the wwo largest sordes has been similar to
what might Le expected in the gencral popula-
tion. The data cuupiled by Merewether! and
the Miner's Piuhisis Moedical Burcau of South
Alvica® are hased on a total of 6,884 and 1,438
antopsicd  cases of silicosis respectively, and
disclose an incidence of jung carcinoma of
1.32 and 0.0 por cent. Vorwald and Karr found
two lung carcinumas in 136 silicotics (1.47 per
cent). Kloiz® noted an incidence of § per cent,
but lis serics of fifty cases doces not scem large
enough 1o be stausically significant. 1owever
Gloyne? in reviewing necropsy malerial from
1929 1o 1949 {796 cases) also described the
surprisingly high incidence of lung carcinoma
n silicosis of 6.9 per cent, and 7.7 per cent in
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the pm:uz:‘:ocorﬁ()scs as a whole In this game
wrics 8.3 per e ni of cascs without any pneumo-
coniosis had cancer of the Jung. Murewcether and
(;luync's (ASCS WCTC ;malyzcd over a romp}nal,)]c
],rriud‘of thne so thatl it scoms uarcasonable
w interpret the figure of 6.9 pey eent as reflecting
the inerease of lung carcinoma in the general
};ol111‘1:-:ﬁ(n].\'1'h(‘: diserepancy in the data proba-
bhv s cxplained by the fact that Gloync’s
material was seleeted from the pla(‘ul'nt)ccmioscs
in which the histories and x-rayswere anusual.”

Gloyne nuted that 141 per cent of paticnts
with ashestosts had lung carcinoma. This figure
parallels the observations of previous workers
and is dgnificantly above that recorded for
dlicosis. As has been mentioned the ashestos
panticle probably acts as a mechanical irritant
while e pulmonary changes in silicosis are
considered due to the chemical properties of
silicat8?

Carciwoma of the Jung appears 1o be promi-
nent in females with ashestosis. Of Merewether’s
thirty-01¢ Cascs mine were females, or 29 per
cent, and I Gloyne's sorics of seventeen €ascs
e sncidence was 41 per cent. Tn the published
autopsy reports data as to the scx of the paticnt
are aviilable in twenty-three, of which five
(21 per cent) were females, In contrast the
incidence of Lronchogenic carcinomit in females
i the general population 18 consideraldy lower.
Lindskog noted an incidence of 4.0 por cent,
Grahmm’ 5.4 per cent, Doll and Hill® 8.4 per
cent and Ochsner™ 10.3 per cent. The higher
figurc in ashestosis snpports the theory that
ashestos pariicies act as carcinogens.

Experimental production of neoplasms has
demor strated  that chronic rritation of hody
tissucs by mechanical ncans ynay predispose 10
the dovelopment of malignancy. Ashestos par-
ticles when lodged in the finer bronghioles serve
as mechanical jroitants to the bronchial cpi-
thelinm. The sguaimons metaplasia of the Jungs
found frequenily in ashestosis is presumably a
conscguence of prolonged irritation in the Jower
respiratory tract. Some pathologists consider
sguanous metaplasia as an alteration in the
cclular siructure that may precede or be the
inital step towards the duevclopment of squamous
cell carcinoma.™

A “lag period” between the exposurc to 2
possible carcinogen and the onscl of malignancy
js characteristic. Nordmann?® noted in Jis cases
hat the average duration between the initial
expusare 1o ashestos and the devdopment of

sovemrer, 1953

bronchogenic carcinoma was aboul ciehteen
VCrs. Similarly Merewethert found that patients
dving of carcinoma of the Jung had a longer
mean CXposure to ashustos (16.5 years) than
those dyving with no evidence of malignancy
(13.4 yUars). Tinally, a short but “adequate”
cxposure  may be followed by pulmonary
malignancy many years jater, In Merewether’s
cerics is the case of @ woman who was an ashestos
worker for only six months yct later developed
hung carcinoina. Gloyne™® reported the case of
4 weioan with an esposure of nincteen months
who dicd fiflcen years Jater at the age of seventy-
one with @ squanous cell carcinoma of the right
lower lobe.

Table v summarizes the pertinent informa-
tion of the twenly Cases of asbestosis with Jung
carcinoma that have been autopsied and ve-
corded in the available literature, Four cascs
have been added to the list compiled by Hom-
burg.*® in 1943. It is noted that in about four-
fifths of the cases in which the primary sie is
indicated the origin of the peoplasms was in the
tower lobes. This is in contrast to the genceral
population where bronchogenic CArcinoma sCems
1o be more frequent in the upper Jobes. o
Lindskog's™ scrics there was an incidence of
37 per cent in the upper Jobes, 26 per cent in
the Jower lobes Ochisner?® found 56 per eent
in the upper lobes and 33 per centin the Jower
lobes. No conclusions should be drawn from
the small number of cases Tisted n Table 1v.
Nevertheless, since ashestos particles lodge to a
grealer extent in the lower respivatory 1rec
where the changes of ashestosis are also Mmore
pronounced, a higher incidence of carcinoma
in this Jocation should be expect ed il an ctiologic
relationship exists. I our casc the ashestosis
was widespread and severe, and the tumor,
which originated in the inferior (Yingual) seg-
ment of the Jeft upper Iobe, was in an arca
significantly ivolved by the fibrosis and in-
flammnation of ashestosis.

1t is also noted in Table v that twelve of the
pincteen previousty recorded cases had Jesions
of the squamous ccll type. The incidence of
squamous cell carcinoma is said to be high in
male cigarcite smokers with pubmonary malig-
nancy.® At autopsy our paticnt showed both
SUaous metaplasia and adenocarcinoma of
the lingula, Ttmay be of significance thathe was
a chain smoker for over twenty years in view of
the observation by Wynder and Graham® that
males with adenocarcinoma of the lung arc

e e e




frequently chain smokers. However, it is our
hetief that the presence of an adenocarcinoma
rather than one of the sguAamMous cell type may,
he explained by the fact that it is not unusual
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carcinoma in 13.8 per cont of the cases cited in
the Jiteranure. In silicosis the incidence is con-
siderably less than this. The asbestos pardcle
mayv  serve as, a carcinogen because of the

to find severad coellular Gy pes in various sections chronie mechanica) rritation it produces.
of the same tmuor.® Theaefore morphologic Since there are approximately 10,000
T e Tarry v
SPMMARY OQF PUBLISHED CASE REPORTS IN WHICH AUTOPSY NATA ARE CHED
e S P e - PN ;
Kex ! Dagation Yieedom P
Avtituns " Neat and | ()n’(‘nj:;tﬁnn of Lxposute | Troms Fxpesure Natiae of Tumaor ! r:f]'”) Metistises
i : ¥ a Sie
< Age (vr) Leltae Neath
e e __i -
Lynch, Smith*, (.., ... 1933 7 NL AT Weaver 21 4 inu. st el R .11 Many neelules in
| ) 290 TN
Gloyne®™. oo 1935 F, 55 Spinner 8 9 yr, smens g el RUL. ) Plenrs
Gloyne ... o U35 . FO71 Matness and open- 1%s 15 vr, anges eell TR, None
: ing deparunents
Vghert, Geiger . o000 19360 ML Weaver 17 ESSR Clandnlar l 150, Widespacad
Glavne? o 1Y36 0 NT 39 Packer, sores des 10 7 mo. Oat el 1LLL. Lt cowd plonca
‘ |r partment |
Nevdemgnn®™, L., 1938 | F. 35 Cmder, spianer, 7 9 yr P Squamons cell .10 Liver, bidneys
’ i weaver
Nerdnann, . ..o, 1938 M55 : piuning 7 12 yr NTIRRIOTR N | 1.1.9. Widegpread
: : assentily roous
Taacl ™ Smith. ..o f 939 TALL S I Weaver 13 31 Sepiavwms with (RIEL Pieura, medi-
’ f : glandutar astinal nodes
: i fratures
Hedlehi 0 Anpaist. . L 1941 N2 T e inscdaee 25 Gt CNor-Leratinie- : R AMedipainal nodes,
! | g synzonus adrenal, kidoey
. ! i ocelied !
Podieh, Anprier. Lo oL 1041 XU30 ) Pipe iaddior 25 hye, JOereell R 1., Widlespn cind,
. : ! inclading brain
tacbna b Wedlegds, L0 1941 A1 GI . >3 Nt buown ‘ \ihmm-m ol R.ILL. None
I(||]¢~ Fral o0 1981 MUAT M h e adjusior 25 1no. CAlveclar cell ! lung Tenra
Dcsmenles et al, PR U2 1 L3 22 4 mo. CSynamous cell R tong Pictea
Heoopert®. L, L. ) 1942 L AT * kuown S 1 4. | \qnn nous el TR me Diaphteym
IR NE K L4 fneran 20 17 miu. \n‘«,rl astie : LIy Tenva
Hamtmrger, ... oL . g 1942 A Nat known Chgrranoe el PR iy Yaver, adrenal,
. l stonasch, hilar
H H 1}!;1;‘;?: noghes
Coveion®. ... . ... 1048 FO37 0 Pipe coverer 7 : 1% yr. Kepramons <ell 1.L.1.. Pericardiam, baer,
N H kidney, ovarics,
H ! I femur
Owen™ Lo oL 1951 ¢ ML 3 Astwsios worker 1 : 2 yr, P Adenoram dnomey K. Jung Nune
Seoll, Baos, Angrised? 1951 NA0 - Pipe covann 6 Abouc £ 16 5 yr, :\n:lp!;:Slic No definite § Kidoes <, brain,
: ! ‘ lives
Presear musthoars. .. oL ! 1952 N4 Asbesios mill 12 Adenora cinom Mywncardinm, peri-
! : I aworhes: sorien candinm, sping,
i . 1 ‘ reginnd] nodes

differences in cell arrangements may not really
represent different ctiologic varictios of cancer,

SUAMMARY AN CONUILUSIONS

1. A case of ashestosis with superimposed
adenucarcinoma of the hung with metastases,
following documented Larmful industrial ex-
posure, is presente,

ACTI (idrenocorticowrophic  hormone)
was given with no objective changes in the
pm:cm s clinical course.

3. Pulmonary function and eardiace catheier-
imliuu studier were performed hefore and after
ACTH. They revealed an alveolar diffusion
defect and pulinonary hypartension.

4. Asbestos is associated with bronchogenic

f LT ey -

workers  engaged  in potentially hazardous
ashestos operations in this country, it is reasons
able 1o assuue that there are many unrecognized
casts of ashestosis. From the evidence presented
a higher incidence of bronchogeme carcinoma
should be expected in this group.

Addendum: Since the submission of this manu-
seript a simlar case has been observed by us
(MGH =778203). The patient was a forty-six
year old contractor’s helper whose work since
age seventeen consisted of cutting apd sawing
asbestos board 1w insulate pipes, boilers and
refrigerators. Tor years he had smokad one
package of cigarettes daily, He died aftey a year
of illness dmm" the Iast four montbs of which
he received 5 00”1 of deep x-ray w the left ehest,

AMLRICAN JUURNAL OF MEDICINLE

i AR

(o~

- —

e A . e A S i

R —

At o
3,350
;z(l('n(')(‘
Lroneh
Tower )
npper
cdiaphr.
hung a
showee
thicker
rotsede
hody
asheste
in all
h)‘ tun

w
o

5. Vi
6. G

13. L
14,




Sdan
cun-

the

e <

AR

bl am

oaed

el plenia
S
v

IR

sombes

el peedes,
Lobelecy

aeardous
S casei-
veanizacd
nesented

IO

A< nanu-
ed by us
forty-six
ork o sinee
4 sawing
Slers and
ohed one
ra year
o{ which
feft o) st
.

MY N ¥

ole

+ vt v o+ B .

>

Ashestosis, Bronchogenic Carcinosma - Tsselbacher et al. 731

At autopsy the lungs were firm and “-nghcd with reference to pulinonary axhestosis, Tubercle,
3350 gm. Theyre was @ poorly differentated s 151, 1930,

° } . a0, GARDXER, b, UL Titivlogy of pnmnmu:nnin;:i:.

adenocarcinoma arising from the 1eft Jower Jobe
Hronchu, abuoost completely yeplacing “the lelt
jower Jube. The tumor had spread to the left
upper Jobe, hitum, puricardium, pleura and
dinphragm; and had mctastasized to the right
jung and sadrenal. The remaining hung tissuc
showed }‘J('ribrunchiu! fibrosis, focal alveolar wall
Dickening and mupneross ashestosis Lodies, sur-
ounded by macrophages filled with asbestosis
Lody perticies and foreign body giant cells. The
achestosis hodies were seen in equal distributios
in all pints of the Jungs not completely imvolved
Ly tunr.
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