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several reasons for presenting
it a case report and a review of the
Jnerature  dealing with the
asnin Benween occupational exposure to
Cooestos znd resphvatory tract malignancy. The
; m bronchogenic crcinoma,
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Some American writers consider that
capotience 1o date does not support this
" The work of Graham,®" Doll and

O( hsner® " has ereated much interest

Cg-;’rclalmn of cigarctte simoking with
R., whose case 1s
resented,  was  exposed  to harmful
anie of ashestos dust and was a chain
his provides speculation as to the
le of two etiologic agents.

ow reported cases of lung cancer related to

mohoseonic carcinoma. B
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ri2] asbestos exposures provide data on
character and quantity of dust exposure.
s ooserious deficitin exact study of ctiologic
celntion. Inothe cbinical report presented
rein Swate authorities have determined by

“easureinent that the asbhestos dust exposore
nan during bis twelve years of work was

i o be five million particles per cubic
SN of sir for an cight-hour workinge day.

It is perunent to this presentati that there
¢ 0"\11)1 about 10,000 workers enguged
sotrmindly hazardous asbestos manuf acturing
coprrations in the United States.!t Middleton
~rovis the nunber in Great Britain as between

S 2.000.17 NMost of the industry 1s engaged
-oashestos textile muanufucturing producing
salaiing mauresses, brake linings, fire proof
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Massachusells

~abhlv above the safe level, which is con-*
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af One Aui(/j)szc(/ Case and Revicw of {/m Available Literature
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curtaing and clothing. The chief operations are
disintegration of the crude mineral, carding the
fiber, scparating the more useful long from the
short fiber, spinning, plaiting and weaving the
asbestos, often with cotton, Insulating material
is produced by mixing magnesia, diatomacceous
carth and other materials with asbestos to make
cements or fillings for insulating boilers, engines
and pipes. Other non-lextile ashestos products
so made include ashestos coment, sheets, brake
and clutch linings, clectrodes and switchboard
pancls.

Ashestos s a hyvdrated magnesium silicate.
The chiclsupplics arein (.anadd) Capc Provinee,
Italy, Rhodesia and Russia. Ashestos dust given
off in manufacturing processes consists of frag-
ments of fibers and small rounded or angular
particles. Actual studies in industry show the
size and shape of the particles of ashestos to be
such as may gain entrance into the bronchioles.
Experience has led to the acceptance of five
million particles of asbestos per’cubic foot of air,
of small enough size 1o be respirable; to be the
safe working concentration.

Some operations hecause of their dustiness
arc more hazardous than others in ashbestos
manufacturing. Bagging the ashestos, separating
the lone from the short fibers, carding, spinning
and weaving show a greater statistical evidence
of ashestosis than do other operations. As might
be expeeted, the longer the duration of exposure
the greater the number of cases. Tn the Mere-
wether and Price series there was once case under
four years’. exposure, and up to 53.6 per cent
with fifteen to nincteen years’ exposure.’?

CASE REPORT
E. R. (MGH #735586),’% a forty-onc ycar old

asbestos mill worker, entered the Massachusetts
General Hospital in April, 1951, The chief

* From the Departiments of Medicine and Pathology, and the Occupational Medical Clinic, Massachusetts General

tImsphizll Beston, Mass. This work was supported in part by the National Institntes of Health, Division of Resrarch
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Fro. 1. Xeray of chest. The Jower Tobes are reduced in
size and show a “honeycomb” pattern. There is an
increase in dincar and nodular markings. A density is
seen in the region of the Yingula with enbirgement of
lyraph nodes in the left hang root, suggesting a tmor in
that avea.

complaint was progressive low hack pain which
had been present for four months and was only
parvally reheved by aspiring In addition, one
month before admisdon  the paticnt noticed
increasing dyspnea on exertion, a worsening of
his chironic productive cough, night sweats,
anorexia, feverishness and a 10-pound weight
loss. He had worked in an asbestos mill for
about twelve vears but had stopped working
there for two vears prior to this hospital admis-
sion. In the 111} he had spent one year 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 to be considerably
above the safe Jevell He used one can of snul
and smoked on an average of one 1o two packs
of cigarcties daily for many” years. Yor seven
or cight years he had been aware of clubbing
of his fingers; me flight dyspnea was present for
about two years. There had been no hemoptysis.

Physical examination revealed a chronically
ill and dyspneie man with evidence of weight
Joss and cyanosis of the Jips and nail beds. The
blood pressure was 110/75, pulse 96, respira-
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tions 30, and temperature 99°F. orally. His chest
was thin and showed poor expansion. There

were dullness and reduced breath sounds at

both Tung basces with sticky inspiratory crackling
rales over the region of the left lower Jobe. The
left border of cardiac dullness was 10 ¢, to the

TABLE 1
PULMONARY FUNCTION STUDIES® BEFORE AND AFTER ACTH T

|
‘ Approxi-
Before After mate
ACTTH ! ACTH Notmal
} Valuesan
| {
Vital cspacity (L) .. 2.4 1 2.8 39
Masimuemn Lrcathing capacity ; ;
AT PR 525 1 795 1103
B rolnme (L) | 1.575 1.49 1.30
heelar ventl l
[2:30 IR .. 7.63 5.48 5.02
Ahcoler pOr (im. Hg) L. ! 1150 105 .0 105 -107
Avterial pO» Gom. He) 00000 l’ 8.0 . 70.0 95-97
Arierial pCO: (o Hgy oo L 36.0 42.0 40-43
Arrerial O covmadion (0). .. .. 1973 94 4 95-97
Scrumplbo oo o oo 7.45 7.42 7.39
Abveolsr-arierial O: ditfcrence ’
(mm. Ha) . i 27. 29. 10.

*These stuzlies wore pestonmned by Dr. John Afteldt, Departimient of
Physiolozy, Hanvard School of Pablic Healdh,

T ACTH 109 ma invamusentaly for en dayvs,

3 Pody surface area was 1.62 sg.m.

left of the midsternal Bine in the fifth interspace;
there were occasional extra systoles; Po owas
greater than Aw; there was some pulsus para-
doxus. Liver and spleen were not felt. There
was tenderness of the spine over L-4 with spasm
of the lumbar musculature, He had extreme
clubbing of fingers and tocs.

Laboratory data revealed a normal urinalysis.
Hemoglobin was 14.0 gm. per cent and the
white count was 5,700, with a normal differen-
tial. Chest x-ray revealed theJower Jobesveduced
in size and showing a honcycomb pattern.
(g, 1)) There appeared to be a homogenous
density in the Jingula with enlargement of
Iymph nodes in the left lung root suggesting a
tumor in the region of the left lower Jobe. Films
of. the spine indicated arcas of incrcased and
decreased density in the fourth Jumbar vertebra
giving the appearance of metastatic malignancy.
Electrocardiogram showed non-specific T wave
changes. Non-protein nitrogen was 27 mg. per
cent, CO» 29.4 mEq./L., alkaline phosphatasc
4.9 Bodansky units. Repeated examinations of
the sputum were negative for acid-fast organ-
1sms, asbestosis bodies and malignant cells. Two
bronchoscopics revealed obstruction of the left
Jower lobe bronchus, The patient was given a
trial of ACTH 100 mg. daily intramuscularly
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poten dayse Chivically there was no change

fee .
except for cuphoria, Pulmonary function and

cardiae catheterizeton studies were performed
iefore and after ACTIH and likewise showed no
denificant cranges. (Tables 1voand 1) Cardiac
cuiheterization did reveal chronic cor pulmonale

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

It was believed that the patient had preu-
monits in the right lower Jobe and carly cor
pulmonale with congestive failure. He was
digitalized, given moercurial  diureties,  anti-

] TasLeE 1
T e CARDIAC CATHETERIZATION STUDIES® BETORE AND AVTER ACTHT

L | .
! l (@2 O: } Lo NMean .
: O- L Capacity Content Satura-  Pulinonary Pulmonary Cardiac
; Consumption; ]{‘});C‘ \> }{),rlf:hl tion Arvtery ll\‘?](j’]?l) Index
% (cc./min./ | '\’f‘ M \‘f( “‘1 . Radial © Prescure ];'-t-tt‘ r}‘ . (1../min./
[ = m) Artery Lo rtery C Avtery | Gmin, He) ressure 5q. m.)
l (ce./100 cc.) | (ce./100 cc.) () : =7 {mm. Hg)
\ /e !
l : ‘ !
- - — ri = — . P ‘ - ,: . y = s a- Lol ol
. i : I ;
SApproximate ! g | |
normal values?® o oL i 145 20.0 19 9% i 30/10 15 3.2
Before Resto .o X 180 19.3 18.1 94 L 36714 ; 21 4.47
ACTH {Mild exercise ! i . ;
2 min)..l 370 s | 43/14 ¢ 28 5.55
After Restoo.... 0. ! 156 17.4 16.6 : 95 PO38/15 | 23 4.02
ACTH { Mild excreise ! } !
(2 wmin). .. 349 l i 52,22 f 36 6.97

* These studies were perfonned by the Cardiac Catheterization Unit of the Massachusetts General Hospital:
including Drs. G, S AMyersc AL L. Fricdlich, 1. R O'Neilly, G. Cohen and 1 G. Scannell

T ACTH 100 )img. intramuscularly for ten days.

with  shight  pulmonary  hyportension;  after
exercise the pulinonary hypertension increased
and significant arterial oxvgen unsaturation
appeared. _

Before discharge from the hospital he received
radiation (1,200 r) to the lumbar spine with no
rehief of the back pain.

For several weeks after discharge the patient
seemed somewhat betier and returned 1o light
work. However, the cough increased markedly
and he bad severe dyvspnea at vest so that after
two rmonths he had to be readimitted. Physical
exantnation on re-cntry revealed a temperature
of 100.4°%. rectally, pulse of 120-144, respivations
30 per minunte. He had anarked tachypnea,
moderate eyanosis and such dyspnea that it was
very difficult for him to speak. There were many
inspiratory and cexpiratory wheezes throughout
the Tung fields. At the right base there were moist
bubbling rales together with dullness, reduced
tactile fremitus and inarcased vocal fremitus.
The left border of cardize dullness now extended
out 12 cm. from the midsternal line. Po was
much Jouder than Ao The liver was percussed
down two and a half fingerbreadths and there

was 2 plus ankle edema. At this time the white
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biotics (penicillin and streptomycin), and was
in an oxveen tent most of the time, Chest x-rays
now were suzuestive of lymphatic spread of
tumor. In spite of all therapeutic measures fever,
dyspnea and covanosis grew worse. He became
confused and dicd on the thirty-fourth hospital
day.

At neeropsy the patient was ecmaciated; the
thorax was lengthiened in the anteroposterior
diameter. There was clubbing of the fingers and
tocs.

On oponing the thorax the lungs did not
collapse  but remained  inflated, completely
filling both pleural cavities. The majority of
the pleural space was obliterated bilaterally by
dense fibrous adhesions between the visceral
and parictal lavers, Both the visceral and
parictal pleurac were markedly thickened, gray
fibrous membranes mcasuring up to 0.3 om,
thick. There were 100 cc. of clear straw-colored
fluid loculated in the left base. The interlobar
fissures  were  obliterated by fibrous  tissue.
Scattered throughout the adherent layers of the
diaphragmatic pleura, cspecially on the right,
were a pumber of whitish gray, shiny plaques
0.5 ecm. long; these resembled similar plaguces
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Fro. 2. Cut swrface of eft Jung after formalin fixation.
Note diffuse puliionary fibrosis and marked plearal
thickening which obliterates the interlobar fissure,

scen on the upper surface of the liver, to be
described. The langs weighed 2,710 g, were
voluminous and very firm throughout; no dis-
crete nodules could be feltt (Fig. 2.} Multiple
seetions showed 4 uniform brownish gray surface
throughout except in the left lower Tobe where
there appeared to be a diffuse marked fibrosis
throughout the parenchyma. The left lower
lobe Lronchus vias completely occluded 1 em.
from its origin by pinkish gray, firm tissue for a
distance of 1.4 cin.; here the bronchus measured
0.7 em. in diameter; the firm pinkish gray
tissue extended into the parenchyma for a
distance of 1.7 cim. Simil.r tissue extended from
this point i+ the Hronchus to the pleura and into
the wall of the loft atrium which was adherent
to the pleura at this point; the gross atrial in-
volvement measured 2.3 by 0.7 cm. in extent,
The upper Tobe bronchi were vi-id and nar-
rowed by a thich, white fibrou- - . The right
Jower and to some extent the i middle and
left Tower Tobe Lronchi were dit. -+, and there

Ashestosis, Bronchogenic Carcinorna
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GRS RN .
Fia. 30 Asbestos club-shaped,
beaded asbestosts hodivs we seen in the alveolar ducts,
surrounded by macrophuges and “dost cells™; X 900.

is boddies in the Jang. The

was collapse of the intervening parenchyvina,
The veins and arteries appeared normal.

There were adhesions between the visceral
and parietal pericardivm both at the apex and
the hase. The apical adhesions were thin fibrous
strands but those at the base were extensions of
the firm tissue described in the left lower lobe
bronchus. The licart weighed 360 gm. There
was Involvement of the left atrium and auricle
by thick, firm, gravish pink tissue for an arca
measuring 2.3 by 0.7 cm. The remaining myo-
carchum appeared uninvolved and mecasured
0.6 cm. thick m the right ventricle, 1.3 emn in
the left. The endocardium and valves were
négative.

The diaphragms contained firm grayish pink
arcas of plaque-like thickening which measured
up to 0.5 em. in diameter. These were scen on
both the pleural and peritoneal surfaces, were
apposed and looscly adherent to shmilar con-
fluent arcas in Glisson’s capsule. The renaining
organs, with the cxception of the fourth humabar
vertehbra, were negative. This vertebra appeared
opalescent and resembled marhle, but its con-
sistency was softer than the adjacent vertebrace.
The body appeared to have increased porosity.

AMERICAN JOURNAL OF MEDICINE
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Fic. 4. Squarnous metaplasia in the alveolar ducts; note also asbestosis bodies and interstitial ibrosis; X 100,

Fic. 5. Adenocarcinoma invading the myocardim; > 100,

The lungs were scctioned  topographically;
scctions from all segimental bronchi were taken
ncar the hilum, the mid-lobar and the periph-
ceral arcas. These basic histologic patierns could
be seen: :

Fibrosis: 'Throughout the lungs there was
proliferation of fibrous tissuc around the bronchi,
the arteries, alveolar ducts; the interlobar septa
and pleurac were also thickened. There was
peribronelial and alveolar duct fibrosis in both
apices, and slight alveolar wall thickening as
demonstrated by connective tissue stains. The
fibrosis increased in the remaining portions of
the lungs, was heaviest in the hilar and mid-lobar
arcas but extended to the periphery. This con-
firmed the gross impression of diffuse fibrosis.

Asbestosis bodies: Asbesiosis bodies were present
in all sections. (Fig. 3.) These were segmented
fibers averaging 50p long, some straight and
some club-shaped, others resembled dumb bells
which stained dark brown on hematoxylin-cosin
preparations, and blue on Prussian blue (iron)
preparations, Particles of iron-staining dust and
Jarger, casily identifiable asbestosis body parti-

NOVEMBYLR, 1953

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

While most of the asbestosis bodies were seen
in the bronchioles and alveolar ducts, a fow
could be scen in the alveoli, and fragments were
found bLoth in the macrophages and in the
Ivmphatics. Scveral aggregations of asbestosis
bodies were found in the bronchi, Fragmented
ashestos fibers were found mostly in the macro-

‘phages but occasional iron-staining  particles
= 5

were found free on the @locolar walls, Nuch,
but by no mecans all, of this material in the
macrophages took the iron stain.

Inflammatory response: "The chief inflanimatory
cells responding to the jrritant were the macro-
phages. These cells were scen in abundance in
every scetion; they lned up along the walls of
the alveolar ducts, filled the lumina of bron-
chioles and alveoll, and were found throughout
the septa and fibrous tissuc. Most of these con-
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Fis. 6. X-fay diffraction filin of lung residue of . R.* The lines listed when compared to the known pattern

for ashestos give positive proof that the tung residuce is essentially asbestos,

Y
4.52 2
4.20 2
3.35 2
2.98 1
2.67 1

Table of I hincs:

.42 1.61
.38 1.531
115 1.49
.84 1.44
.70 1.38

*A68.5 gm. rample of formalized Jung tissue was digested in 20 volumes hydrogen pervoxide, the digestion being
acecerated with gentle heating. The residue from the digestion was treated with dilute hydrochlorie acid, filtered,
washed and ignited at 500°%. The ignited residue was analyzed by x-ray diflraction by the method deseribed in the
article by mnavalt, 1. Do, Rinn, Ho W, Frevel, L. Ko, “Chemical analysis by xeray diffvaction,” Indust. & Frg. Chem.,
Aual. Ed., vol. 10, no. 9, 1938, This work was done by R. 1. Chamberlin and A- Woewnceki, Jr. of the Massachusetrs

Bonding and Insurance Company, Boston, Mass.

tained brown pigment granules many of which
took an Iron stain, and portions of ashestosis
bodies waere also found in the macrophages.
(These calls have bheen called dust cells and are
thought to lay down the iron on the ashestos
fiber, constituiing the ashestosis body.) Anthra-
cotic pigment was also present in the macro-
phages. Multinueleated giant cells of the foreign
body type were found in abundance in all arcas;
many of these contained birefringent asteroidal
bodies. Few  lyimphocytes avere scen;  those
present were  scattered  around  the  bronchi
ncar the hila. A few focal arcas of bronchopneu-
monia with polymorphonuclear infiltration were
present; these had no particular relation or
location 1o any grouping of the asbestosis hodies
and were undoubtedhy a terminal phenomenon.

Throughout the Tungs many air sacs were
dilated and contained a granular cosinophilic
material, probably fibrin. Some of these plugs
were undergoing orgamzation, mainly in alve-
olar ducts; this type of fibrosis probably accounts
for a small percentage of the total fibresis seen.

Broncki: The hronchi of the lower Jobes showed
marked  bronchicetasts; there was dilatation,
fibrosis of the muscular coat and peribronchial
fibrosis. While the Jatter was most marked in
the lower Jobes it was seen in the hilar and mid-
zonal regions of alii st all scgments. Another
striking  feature widespread  squamous
metaplasia of the bronchial epithelium. (Fig. 4.)
This was most marked in the alveolar ducts; it
was found in all arcas and was not particularly
related topographically to the adenocarcinoma
deseribed later,

Wil

Blewd vessels: The arteries and arterioles of the
right middle and both lower Jobes showed
moderate intimal thickening with hyalinization
and narrowed Tumina. This was most marked
ncar the hila but was found occasionally farther
into the periphery.

Tumor: Adcenocarcinoma was found originat-
ing in the inforior lingual segmient of the left
upper Jobe bronchus. The tumor was present
in the mid-zonal arca of the apical posterior
segment of the left upper lobe, the entire
lingula and left Jower lobe, as well as the right
middle and Jower Jobes. Tt had spread by sub-
mucosal and hymphatic voutes. Sections of the
left atrium showed direet extension through the
left hilum into the percardium and myocar-
dium. (Fig. 5.) Metastatic tumor was scen in the
fourth lumbar vertebra.

Asbestos “granulomas™: The white  plaques
deseribed in the diaphragm and Glisson’s cap-
sule were made up chicflly of hyalinized con-
nective tissue. No asbestosis bodies or giant
cells were seen. These distinetive arcas grossly
sugeested granulomas.

X-ray diffraction studies were carried out on
a sample of formalized lung tssue. The resulting
pattern indicated that the lung residuc was
mostly ashestos. (Fig. 6.)

.(Z(.V,\I.\H‘ZN']‘S

Asbestosis may be defined as a specific occu-
pational discase caused by the inhalation of
asbestos fibers and leading to a progressive
fibrosis and scarring within the tungs.'? It has
been demonstrated by Gardner?® and again by
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vorwald™ that nsually the disease will not
orcur with fibers Jess than 20p in length or a
concentration below five million particles per,
euhic foot of air, .

The pathologic processes resulting from the
inhalation of -ashestos p.’xrtidcs’arc heheved
w be due not to their chemical nature but,
rather, the consequenee of mechanical irritation
fiom fibers lodged in the respiratory tree)S-20
The ivhaled pariicles arey in general) too large
1o pass bevond the respiratory bronchioles and
~o they remain ihere to initate a forcign body
reaction which oventually leads to fibrosis.?!
The pathologic scquence of events can be
considered as occurring in three stages: (1)
desquamation and  exudation, (2) formation
of ashestosis bodies and (3) fibrosis and scarring.

The Jong fibers traumatize the epithelial cells
lining the smaller bhronchioles and the constant
iritation and friction cause the cells to desqua-
mate. Macrophages pour forth in an cffort to
phagocytize the fibers. Tn our case fragmented
ashestosis bodies were also scen within macro-
phages aidd Iynphatics. A second reaction to the
ashestas fiber in the lung is the production of the
so-calledd “ashestosis body."?2°28 This results
from a reaction occwrring between the ashestos
particle and srounding tissues. Tt is a thicken-
ing of the fiber duce to the deposition along its
course of a protein matrix containing iron
which probably serves to reduce the chronic
irritation.?® These bodies may be found in the
sputum, Jung, plawra, lymph nodes and spleen.?®
Their presence is held to be evidence of exposure
to ashestos bt by themselves are not necessarily
an indication of ashestosis, 120,28

The third and most significant tissuce response
is the production of fibroblasts and the deposi-
tion of collagen about the distal bronchioles
and alveoli. There ensues a diffuse fibrosis which
compresses the alveoli and capillaries, resuliing
i complete obliteration of the involved pulmo-
nary tissue. This process is more pronounced in
the Jower labes of the hung for it is there that the
particles are most abundant. By x-ray once sces
a fine, ground glass or granular pattern in the
lower lobes and frequently emphysema in the
upper Jobes.

The sequence of pathologic events deseribed
previously occurs slowly. In man the fibrosis
tends te progress even after the cexposure has
ceased; however in animals this doces not seem
to he the case. 1t may e that intercurrent infee-
tion contributes to the progression in man'?

NovEMmnewr, 1953

In general there is a delay of five to seven
years between the initial exposure to high con-
centrations of asbestos dusts and the onsct of
clinical asbestosis. The average interval re-
ported by Merewether is cleven years.'? While
most  paticnts with ashestosis have, had an
exposure of ten to sixteen years, it is important
to realize that the discase has occurred with as
short an industrial exposure as 0.5 years.1o?

Usually no svinptoms appear uantil a large
part of the respiratory reserve has been reduced
by the fibrosis. Merewether has frequently com-
mented how markedly the Tungs can be affected
and yet the patient be fairly comfortable 17
However, when symptoms once begin and
significant dvspaca becomes apparent, there is
usually a definite and rapid progression. Then
productive cough, anorexia, weight loss and
fatigue arc the common complaints. Death
eventually results from interewrrent infection,
cor pulmonale or carcinoma of the tung.

The case hicreln presented demonstrates many
of the significant features in the pathogencesis,
symptomatolozy and nutural cowrse of asbiestosis.
The patient had worked for twelve years in an
atmosphere having a concentration of asbestos
particles known to be sutlicient to produce
pulmonary pathology. However, it was only
during the last vear of fife that dvspnea, cough,
anorexta and weight loss manifested themselves.
Clubbing had been present for at least five
vears. He had a very rapid downhill course, due
undoubtedly to the two associated factors——the
ashestosis and carcinoma of the Jung. The
physical findines of clubhing, cvanosis and
dullness at the lung bases were all consistent
with asbestosis as were the x-ray findings in the
lu-- 5, apart from the evidence suggesting neo-
plasm. The outstinding svinptom, the severe
and progressive dyspnea, was attributed 1o a

combination of pulmonary fibrosis, superim-

posed and spreading lung neoplasm, pulmonary
infection and finally congestive failure on the
basis of cor pulmonale.

As indicated in the case hstory, the ten-day
period of AGTH therapy was accompanied only
by euphoria but objcctive measurements re-
vealed no significant changes. This was not
surprising for two reasons: (1) the fibrosis had
obviously been of long duration and therclore
one would not expect it to change much at this
time; and (2) he had superimposed broncho-
genic carcinoma. It is of interest to compure
these results to patients with chronic beryllium
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poisoning who usually show a favorable re-
_sponsce to steroid therapy.®”

Two further aspects of this case meorit more
detailed  consideration and ana])'s'xs: (3) the
pulmonary function ar:d cardiac catheterization
studics; and (2) the sigrificance of the superim-
posed bronchogonic carcinoma.

PULMONARY FUNCTION AND CARDIAC
GATIIETERIZATION STUDIES

Table 1 indicetes, 25 one might expect, that
the patient had a reduciion in vital and mnaxi-
mum breathing capacities. However, the finding
of an alveolar-arterial oxveen gradient of
27 mm. Hg demonstraies that one of the dis-
turbances in pulmonary vas a defect
in the diffusion of oxvgen {rom the alveoli of the
Jungs to the capillaries. THis corresponds to the
syndrome  of “alveolur-czpillary block”  de-
seribed by Baldwin, Cournand and Richards®!$2
and again by Austrian ¢ 2l.%® This diffusion

o

uncuon

defeet is not surpiising when one recalls the
fibrosis about the alveoli, zlveolar ducts, capil-
Jaries and bronchioles that occurs in ashestosis.
In order for the patient o maintain a near
normal  arterial oxygen  satwration, a  high
alveolar oxygen was necessary; and this ap-
parently was accomplishied 1n part by hypor-
ventifation. The  potient had  an average
respiratory rate of 40 per minute at rest. This
cumpensatory mechanism apparently was not

adeguate during stress or exercise {or under
those conditions the arterizl oxvaen saturation
fell. There was a considerable degree of pulmo-
nary hypertension and, as in the cases of pulmo-
nary fibrosis studied by Couwrnand and his
associales, a 1ise in the pulmonary artery
pressure occurrec with exercize. (Table 1) The
partial pressure of carbon dioxide in the blood
(36 mim. Hg) wes low normal rather than cle-
vated. Had there been a deofect in alveolar
ventilaticn, the pCO. would probably have
been higher. As Arnot on

iphasized in discussing
this casc!® carbon dioxide

g
- 3s not impaired in
its transfer from the blocd 1o e alveoll because
of its great diffusion capacitv. This speed of
diffusion plus the increased alveolar ventilation
po doubt accounted for the lowered pCO; value,

ASBESTOSIS AND CARCINOMA OF THE LUNG
The association of asbestosis and carcinoma
of the lung has been mentioned frequently in
the literature.?=3:3%-3 Hercofore some authors
have behieved that the cases were too few in

number 1o be of significance; others, cspecially
Vorwald and Karr; have stated that “inhaled
dusts, except those containing recognized carci-
nogenic substances (as radium and tar) cannot
in general be considered as ctiologic factors in
the developmeént of primary pulmonary carci-
Taree m ‘
INCIDENCE OF ASBLXTORS AND CARCINOMA OF LUNG

: No. of No. Ducto Inci-
Anthor ¢ Deaths with | Cancer of | dence

P Asbestosis TLung Te
Merewether!, . oL ; 235 3 13.2
Wedla®, oo j, 92 15 16.3
Wyers?, . : 115 17 14.8
Lynch, Cannon® . 40 3 7.5
Gloyne®. ... ] 121 17 141
Total............ 603 83 13.8

noina.”* Our conclusion at present is in favor
of the concept that the association of broncho-
genic carcinoma with asbestosis is more than
coincidence. That there is a significant incidence
of bronchogemc carcinoma in asbestosis is
apparent from Table n.

Merewether has cited the Jargest series —-of
235 cases of ashestosis there were thirty-onc with
bronchogenic carcinoma, or 13.2 per cent.” An
average of the five analyses recorded in the
hterature 15 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 0.8 to 2.4 per
cent, 847

In contrast to asbestosis the incidence of
bronchogenic carcinoina in silicosis as recorded
in the wwo lzrgest series has been similar to
what might be expected in the general popula-
tion. The data coiupiled by Mercwether? and
the Miner's Phihisis Medical Burcau of South
Africa®® arc based on a total of 6,884 and 1,438
auntopsicd cases of silicosis respectively, and
disclose an incidence of lung carcinoma of
1.32 and 0.70 per cent. Vorwald and Karr found
two lung carcinomas in 136 silicotics (1.47 per
cent). Klotz¥ nowed an incidence of 8 per cent,
but his serics of fifty cases does not scem large
cnough to be statistcally significant. However
Gloyne? in reviewing mccropsy material from
1929 to 1949 (796 cases) also described the
surprisingly high incidence of lung carcinoma
in silicosis of 6.9 per cent, and 7.7 per cent in
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the povurioconioses as a whole. In this same
serics 8.3 per cent of cases without any pneumo-
coniosis had cancer of the lung. Merewethei and
(loyne's cases were analyzed over a (on‘xplm‘ab]c
period of time so that it scems unrcasonable
w interpret the figure of 6.9 per cont as reflecting
e merease of lung carcinoma in the general
poptlationaThe diserepancy in the data proba-
biv is ceplained by the fact that Gloync’s
material was sclected from the pncumoconioses
in which the histories and x-rays were “unusual.”

Gloyne noted that 14.1 per cent of paticnts
with asbestosis had lung carcinoma. This figure
parallels the obscrvaiions of previous workers
and is significantly above that recorded for
silicosis. As has been mentioned the ashestos
particle probably acts as a mcechanical irritant
while the pulmonary changes in silicosis are
considered due to the chemical properties of
silica.1®"0

Carcihoma of the lung appears to be promi-
nent in females with asbestosis. Of Merewether's
thirty-o1ce cases nine were females, or 29 per
cent, and In Gloyne's scries of seventeen cases
the incidence was 41 per cent. In the published
autopsy reports data as 1o the sex of the patient
arc available In twenty-three, of which five
(21 por cent) were females. In contrast, the
incidence of bronchogenic carcinomi in females
in the yeneral population 1s considerably lower.
Lindskog noted an incidence of 4.0 per cent,®
Graham” 5.4 per centy, Doll and Hill* 8.4 per
cent and Ochsner!® 10.3 per cent. The higher
figure in asbestosis supports the theory that
asbestos particles act as carcinogens.

Experimental production of ncoplasms has
demorstrated that chronic irritation of body
tissues by mechanical means may predispose to
the developmient of malignancy. Asbestos par-
ticles when Jodeed in the finer bronchioles serve
as mechanical drritants to the bronchial epi-
thelinm. The squamous metaplasia of the Jungs
found frequently in asbestosis Is presumably a
consequence of prolonged irritation in the lower
respiratory tract. Some pathologists consider
squainous metaplasia as an alteration in the
ccllular structure that may precede or be the
initial step towards the development of squamous
cell carcinoma.®s

A “lag period” between the exposure 1o a
possible carcinogen and the onsct of malignancy
is characteristic. Nordmann®® noted in his cases
that the average duration between the initial
exposure to ashestos and the development of

NOoviMmprER, 19583

bronchogenic carcinoma was about cighteen
vears. Similarly Merewether! found that paticnts
dving of carcinoma of the Jung had a longer
mean exposure to asbestos (16.5 years) than
those dyving with no cvidence of malignancy
(13.4 ycars). Finally, a short bat “adequate”
exposure may  be followed Dby  pulmonary
malignancy many vears later. In Merewether’s
serics is the case of a woman who was an ashestos
worker for only six months yet Jater developed
lung carcinoma. Gloyne® reported the case of
a worsan with an exposure of ninetcen months
who dicd fifteen years Jater at the age of seventy-
onec with a squamous cell carcinoma of the right
lower lobe.

Table 1v summarizes the pertinent informa-
tion of the twenty cases of asbestosis with lung
carcinoma that have been autopsied and re-
corded in the available literature. Four cases
have been added to the Jist compiled by Hom-
burg.r?®in 1943, It is noted that in about four-
fifths of the cases in which the primary site is
indicated the origin of the neoplasms was in the
lower lobes. This is in contrast to the gencral
population where bronchogenic carcinoma scems
o be more frequent in the upper Jobes. In
Lindskog's®® series there was an incidence of
57 per cent in the upper Jobes, 26 per cent in
the lower lobes. Ochisner!® found 56 per cent
in the upper Jobes and 35 per cent in the lower
lobes. No conclusions should be drawn from
the small nwunber of cascs listed in Table 1v.
Nevertheless, since ashestos particles Jodge to a
greater extent in the lower respiratory trec
where the changes of asbestosis are also more
pronounced, a higher incidence of carcinoma
in this location should be expected if an ctiologic
relationship exists. In cur case the asbhestosis
was widespread and severe, and the tumor,
which originated in the inforior (lingual) seg-
ment of the left upper lobe, was in an arca
significantly involved by the fibrosis and in-
flaynmation of asbestosts.

It is also noted in Table v that twelve of the
nincteen previously recorded cases had lesions
of the squamous cell type. The incidence of
squamous ccll carcinoma is said to be high in
male cigarctte smokers with pulmonary malig-
nancy.® At autopsy our paticnt showed both
squamous metaplasia and adenocarcinoma of
the lingula. Tt may 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 are
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frequenty chain smokers. However, it s our carcinoma in 13.8 per cent of the cases cited in At an
belief that the presence of an adenocarcinoma the Jiterature. In silicosis the incidence is con- ) 3,350 ¢
rather than onc of the squamous cell type may: siderably less than this. The asbestos partcle adenoc
be explained by the fact that it is not unusual may  serve as, a carcinogen because of the H broneb
to find several cellular vpes in various scctions chronic mechanical nritation 1t produces. ; lower
of the same tumor.®® Therefore morphologic 5. Since there are  approximately 10,000 | upper
- ) : diaphr.
. Favie n i Jung a
o ALY V1 ORT : ‘3 IOPSY S CULE ;
CMMAKY REPORTS IN WHICH AUTOPSY DATA ARE CULED ) i howee
A ' - 3 '7 T VT U - ] L% PR
{ thickes
Sex ! Duration Freedom ; Primacy {
Authors Yeat and ; Occupation of Expocute | froms Exposure | Natme of Tumor ':}:'”) Metistases § X'O\lnd(
Av wfo . ‘ Ialiie
Age l (yr.) befure Death ' i l)()(l}' ]
- - r - P ’ oo 1 asbestc
Lynch, Smith™. ... .. 1935 N 37 Weaver 21 40, Squamons cell | R.LL. ‘\,T,f\']ﬂ] nodules in : in all ]
1 AN RS P '
Gloyne®. ..o oo 11935 - F,35 Spinner 8 9 v Squeemons cell R.U.L. Pleura Y I)) tn
Gloyne. ... ... 1935 . F, 71 Matuess and open- 113 151 Sejre emons cell R.I.L. None t
' : ing deparunents ()
Egbert, Geigerd®. 0L 00 19360 ML 410 Weaver 17 2 vr. Glandular 1. Widespread li
Gloywe™ oo oo oL 1936 N, 39 Packer. siores de- 101, 2 mo. Oat ccli 1L UL and pleura :
' ! partmrul 1' ‘\1}
Nordmaan® o000 000 1938 F. 35, Caider, spinner, 7 9 vi. Squamous ccll 1.1 Liver, bidneys ]
' i weaver )
Novdmann, ..o oL 1938 M. 55 Prespinning 7 12 yr. Squamous cell LI Widespread 2 W-
: assembly room L8 o
Fanch® Smith.o . o000 P 1939 M, 30 Weaver 13 3vr. Squamous with + R.1L. Pleura, medi-
: ! glandular astinal nodes 3. Gy
. {caturcs ¢
Holeb 5 Angeist. oo 00 1041 MU 32 Pipe insulator 25 9t Non-heratiniz- R Mediasunal nodes,
! ing squamous adrenal, kidney
| E celted 4. V¢
Holiebh, Angrisco o000 1941 N30 Pipe insulator 25 10 47, Oatecell RI.1. Widespread,
! : | including brain
Linshach, Wedlentio, 00000 1941 N1 61 >3 Not known Squamous cell R I None ;
Desmenles eval#3, 000 L1941 NMUAT Machine adjusior 25 1 mo P Alveolar cell 1. Jung Plenra 5. Ve
Desmendesetal oo oo 1941 MOS0 Baguee 22 4 mo, i Sgnamous cell TR Jung Pleura . 6. Gi
, p Hombuwpert®. o0 | 1942 N 45 Nothnown 5 1 vr. X Squamous cell i R Jung Diaphraam i
Homburger. ... oo L i 1942 NMLU4S No. Lnown 20 17 mo. © Anaplastic T Plenra
Hombwgar. . ..o o000 1942}, 37 No foown comntact Not known Squiamots el PR ung Liver, adrenal,
©owith asbestos stomach, hilar 7. W
| vmph nodes
Corcton®®, . o ... 1948 F. 37 Pipe coverer 7 15 vr. Sguamous cell L.L.I. Pericardium, liver,
. | kidney, ovaries,
P ! {femur 8. .
Owwen®™ . oo o L 1951 1 ML 32 Asbesios worker 1 200 y1. Adenocarcinoma! R, Jung None
Stoll, Bass, Angrisi®?. .., i 1951 ML A0 Pipe covare 6 About 4 10 5 yr.§ Anaplastic No defimte - Kidneys, brain,
| : ! site liver .
Present autbors. ... ' 1932 M 21 Asbestos mill 12 2yr Adenocarcinoma: Lingula Myocardium, peri- 9. O
1 bosvorher: sorter cardinm, sping, H
| i regional nodes ¢ 10. O
differences inocell arrangements may not really workers  engaged  in potentially  harzardous i 1. L
represent different ctiologic varicties of cancer. ashestos operations in this country, it is reason- ‘ 12. 1.
able 1o assume that there are many unrecognized .
SUMMARY AND CONGLUSIONS . T . ‘ 3
AR AND CONCLUR casts of asbestosis. From the evidence presented . :; 1:
1. A case of ashestosis with superimposed a higher incidence of bronchogenie carcinoma , ’
adenocarcinoma of the Jung with metastases, should be expected in this group. ) 15. A
following documented harmful industrial ex- Addendum: Since the submission of this manu- ‘
- - - - '
posure, 1s presented. script a simtlar case has been observed by us
2. ACTH (adrenocorticotrophic  hormone) (MGH =778205). The patient was a forty-six 16,
was given with no objective changes in the year old contractor’s helper whose work since '
patient’s clinical course. age seventeen consisted of cutting and sawing : 17.
3. Pulmonary function and cardiac catheter- asbestos board o insulate pipes, boilers and .
- - - . . 1
ization studies were performed before and after refrigerators. Yor years he had smoked one ; 18
ACTH. They revealed an alveolar diffusion package of cigarcttes daily. He died after a vear } o
defect and pulimonary hypertension. of illness during the Jast four months of which :

4. Asbestos is associated with bronchogenic he received 5,000 r of deep x-ray to the left chest. ’ 19. (
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At antopsy the lungs were firm and weighed
3,350 gm. There was a poorly differentiated
adenocarcinoma arising from the left Jower lobe
hronchus, almost completely replacing “the left
Jower obe. The tumor had spread 1o the left
npper Jobe, hilum,  pericardium, pleura and
dinphragm; and had metastasized to the right
jung and adrenal. The remaining lung tissue

showed peribronchial fibrosis; focal alveolar wall

tiickening and numcrons ashestosis bodies, sur-
rounded by macrophages filled with ashestosis
hody perticles and foreign body giant cells. The
asbestosis bodics were seen in equal distributios

in 2

I parts of the Jungs not completely involved

Ly tumor.

11,
12.

13,
14.

. MisaweTueg, F

. Ocnsyer, A TheBarey, M. E DeCawp, POT.
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