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j\b')(,b[()b lixposure,

Sm()l\uw, “and Neoplasta

Drane [ Sehikoll, MDD

Asbestos insulation warkers, as a group, have a high
risk of dying of bronchogenic carcinoma (about seven or
eight times expected). We have observed 370 such work-
men from Jan 1, 1963 to Apnil 30, 1967. Our findings
indicate that asbestos exposure alane 1s not the entire
explanation. Ot 87 noncigarette smokers, none died of
bronchogenic carcinoma. Of 283 workmen with a hislory
of regular cigarette smoking, 24 died of hronrchopenic
carcinoma, although only thiee were expected to die of
this disease. Calcuiations suggest that ashbestos workers
who smoke have about 92 times the nsk of dying of
bronchogenic carcinoma as men who neither work with
asbestos nor sinoke cigarettes. We canciude that asbestos
exposure shouid be minimized, that ashestos workers who
do not smoke should never start, and that those now
smoking should stop immediately.

n 1964, we reported on deaths ovemming between
Jan 1. 1943, and Dece 310 1982, among 632
members of the Infernational Assacizifion ol {eat
and Frost Insulators and Ashestos Workers,! All
of these men had been occupationally exposed 1o
ashestos dust for many vemis Theo death rate
from lung cancer was found to be 6 8 times as lneh
as that reported for the general white male popu-
lation of the United States during the same vems,
with age taken into consideration. Thiee of the
men died of diffuse pleural mesothehomn and one
died of a neoplasm histologically suggestive of pern-
toneal mesothelioma. This was of interest since
mesothelioma is a very 1ave disease in the general
population bul is reported (o be associnted with
expasure to ashestos dust.” tn addition, their death
rate from cancer of the stomach, colon, and rectum
was higher than expected; but this may have heen
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due 1o chance. the number of such deaths being
small, Daring the [atter part of the study, we ob-
tained information on the smoking habils of most
of the survivors, hut we could not obtain reliable
information on the smoking habits of those wha
had died at an eather date. Therefore, we could
not at that time investigate death rates in rela-
tion to smoking habits and cxposure to ashestos
thast which were considered both separately and
jointly,

There is abundant evidence that l‘lﬂarelte smok-
ing leads o a high rate of death from lung cancer
in the absence of nccupational exposure to ashestos
dust." Our Aindings outhined above suggzested (but
thd not prove) that exposure to ashestos dust may
lead to a high rate of death from—ang cancer in
the absence of cignmretle smoking. 11 the latter be
s, then the combined effect of both types of ex-
posure nughit or might not be eyual to or greater
than the sum of the LwasefTeets. On the other hand,
it was possible that exposure o ashestos dust ine
creases the risk of lung cancer among cigarette
sunkers but does not lead to lung cancer among
nonsmokers,

The present <tudy was undertaken pnmanly
to investigate these possibilities. In addition, we
wished {o obtain more information on the occur-
rence of mesothehoma and gastrointestinal cancer
amnng ashestos workers.

Material

From recovds of New York Local 12 and Newark,
N, Local 32 of the International Association of
Heat and Frost Insulators and Asbestos Workers,
a list was made ol every man who was a mvml)ct
of vither one of these loeals on Dee 31, 1942, o
who joined between that- date and Dec 31, 1962
No ane was omitled regaidless of his subscquent
wark history,

Personnel data from union records indicated that
ol the 632 on the union rolls on Jan 1, 1943, 339
of the men had first been oceupationally exposed
to asbestos dust prior to 1922, and an additional
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03 men had first been ex-
nsed hetween the be- -

Table 1.—Subjects Claswhied by Ape as 1 L |, 1963, and by Years From First Occupational
Fxposire to A Lo Dust up ta Jan 1, 1963

iy of 1923 and the

nd of 1942. All of "these Aze. sﬁg::i:‘ PR
nen were successfully 35.39 2 Ty
'aced through Dec 31, 404 1 12
162, and 262 of them ijs: 1oy N
vere found to- have died  sss» 60

p to that time. Of the 0% a2

. 65 69 an

2 deaths, seven -oc- 0 74 1

urred prior to the 20th 75 79 2
nniversary of the man's 898 o .
st exposure to ashestos Totat 370 i

No. nf ¥» 0o Since First Ezposure to Asbestos

No. of
- . .o — .eoee Deaths,
25-29 w4 3519 40-44 4549 504 52 Mo
1 1
2 13 .. 2
1 A0 28 [ 18
1 16 kY] ] 1 11
] 3 n in R ‘16
: t ¢ 18 18 2 v 12
3 12 f 17 18
.. 1 s I5 8
. B .. 1 ! 2 3
6 113 a6 59 19 | s 94

‘ust and 255 occurred

‘fter the 20th anniver-
iry. Thus, of the 632

Table ? --Subyects Classified by Are and by Smoknp Hatits on or about Jan 1, 1963

1en, 370 were still living Hever
n Jan 1, 1963. e R ami,
These 370 men were 3539 : !
‘he subjects of the pres- 324 I 2.
nt investigation, 'Table 1 50 54 107 iH
hows their age distribu. 55 39 0 fi
ion as of Jan 1, 1963, :(;a; "2 .
mnd the lapsed lime from 7074 m ?
rst exposure up to that >3 2 )
Iate. Al of them have - :
hoen traced, and 94 of ot 310 48

Current Cigarette Smokers*

Pipe, Ex. o e .- mr——— ey
Cipae clparette 19 1019 20-39 40+
Only Smokers® 3 Day a Day a3 Oay a Day
.. ? e . -5 4
1 5 . . 12 12
d hid 3 ] n 24
5 16 . 3 20 10
4 15 1 - 1! 4
A 17 e 4 9 5
H 12 1 4 4 3
7 6 ... B | 3 1
1 1 ..
39 101 S 17 97 | 63

‘hem were found to have
lied during the four-year
mnd four-month interval from Jan 1, 1963, 1o April
10, 1967.

Beginning in Qctlober 1962, we made arranpe-
ments to examine these men periodically, once
wvery six to twelve months: the interval depended
npon age and physical condition. The examinalions
mclude chest x-ray films as well as physieal ex-
wnination and cover past and present smoking
hahits, occupational history, merdical history, and
rurrent physical complaints. Altogether, we have
sxamined 338 (91.4%) of the men at least nnee
and have repeatedly examined most of those who
are still living,

Information on smoking habitls was obtained by
personal interview with the 338 men who were ex-
smined, Of the 32 men who were not examined,
six told us their smoking habits by telephone andd
five gave us the information by mail. The loeal
union secretaries (who personally knew these men
well) ascertained the smoking habits of 18 men,
and family members supplied the inlormation on
the remaining three men. 'This accounts for all of
the 370 men. Table 2 shows their smoking habits
on or about Jan 1, 1963, the men being classified
hy their ages on that date, even though some
changed their smoking habits between 1963 and
1967, .

Of the 370 men, 48 never smoked regularly, 139
smoked or had smoked pipes or cigms hut never
smoked cigarettes regularly, and 283 had smoked
cigareties regularly. Some of those with history of
cigarette smoking also smoked pipes or cigars, Of
the 283 with a history of regular cigarette smoking,
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*Includes crgaretie smokars

whn alsn smaoked prpes or Cigars

101 were exeigaretie smokers, five currently smoked
one o nine cigatettes a day, 17 smoked 10 to 19
cigareites a day, 97 smoked 20 1o 39 cigarettes a
day, and 63 smoked 40 or more eigarettes a day.

The smoking habits of the 270 subjects were

“eompared with the siaking habits of a large num-

her of inen selected from the general population,
There were proportionally more cigareite smokers
amang the 370 subjects than were found in the
general population sample; age was taken into
consideration,

Causes of Death.—A copy of the death certificate
was obiained for each of the 94 deaths. In addi-
fion, we examined hospital records, postmortem
finddings (41 cases), as well as the surpieal and
pathologic reports when surgery was performed (39
cases). We also reexamined  histologic specimens.,
It was tfound that the death certificate was inace-
curate in 14 instances, However, this did nol alter
the picture as much as might have been expected
since there were several compensating errors, For
example, in one instance the death certificate in-
dicated bronchogenie earcinoma as the cause of
death while n veview of the histologie specimen
showed that death was due (o pleural mesothe-
Hioma; but in anather instancee exactly the reverse
was found. Likewise, review in one instance re-

Csulled in changing the reported cause of death

from bronchogenie earvinoma to cancer of the
stomach with metastasis to the lungs while review
in another istance resulted in exactly the oposite

“change The 94 deaths were asetibed to the follow-

ing canses: bronchogenie carcinoma, 24; pleural
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*Rased upgon US minetaldy doda dhisrepardueg wnvabang habige

TUnited States data notl avastatile, bot Bgnne choukd be ealy shitly
lese than 2.3

tUmited States daty net avaiabie, hut theee arm tare cousrs af death
in general population.
mesathelioma, three: petitoneal mesothelioma, sev-
en; cancer of the colon, {our; cancer of the rectum,
one: cancer of the stomach, three; cancer of the
pancreas, two: cancer of buceal eavity and pharyny,
twa; cancer of bladder, one: cancer of undeter-
mined primary site, two: ashestosis, 190 cor pul-
monale, one; cornary heart disease, 17 congestive
heart failure, one; cerebral vaseular lesion, two;
aortic ancurvsm, one; cirthosis of the liver, three;
bronchopneumonia, one:  encephalopathy,  one;
acute pancreatitis, one; Wezener's granulomatosis,
one; and accidental [all, one,

Expected Deaths.—For purpeses ol comparison,
we wisherl to ascertain how many of the 370 sub.
jeets would have died during the Htauonth period
(Clan 1, 1963, to April 30, 1967) if theie age-specifice
death rates had been exactly the same as o the

general white male popubation of the United States, -

For this purpose, we made use of the United States
1964 life table for while males: this provided the
most stable basis {or comparison. It showld be
noted that for white males totad death rates and
death rates from respiratory caneer were slightly
higher in the industrial states of New York and
New Jersey than in the United States as a whole,"’
On the other hand, respiratory cancer death rates in
white men aged 20 to 81 arve reported 1o be a trifle
lower than averape among hibovers, not elsewhere
classified employed in consiruetion work.” '

From the life table we determined Tor each of the
370 men the probability of his dyving within a pe-
riocd of 52 months, considering his age on WJan 1,
1963, and assuming thal the life table probability
applied to him. Summing these probabilitics for the
370 men yiclded an estimate of the “expected”
number of deaths under the nall hypaothesis that
the age-specific death ates of these ashestos work-
ers are the same as for United States white males
in general. The computalion indicated that 47.5
deaths would have been expected.

Next, we wished to estimate the expected num-
ber of deaths from each of several causes. For this,
we made use of the percentage distribution of
deaths by cause of death among United States

106 -

plemal mesothelioma, and seven were due to peri-
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- Table 3.—Observad and Fxpected Nubers of Deathe - . f-; white males of \':ll.i{)‘ls, ages during the year 1964
370 Asbestos Workers Duting the 52 Month Pored as reported by the National Center for Health Sta-
- ieereea 1o  listies. These percentages were then standardized
Cause of Death Deathe e for nge according to the ape distribution at time
Total. cancer tall <rtes) " " 17.5 elo ) T
e eura, bronchus. f)f ! l.\o h:.» expected deaths, The results are shown .
and trachca 7 o i Table 3, !
Bronchogeme carcinoma a1 ! AN . . ' —- , N
e eatormn ) N . I.,\[n’« ted s Observed Deaths.—As Sl.\o\\n in ‘

Pertoneal mesothslama ? 1 Table 3, there were 94 observed deaths (ie, 94 of

Cancer of stomach : f"ﬁ the 370 ashestos workers died) as compared with
© Cancer of colon and rectirm 5 B 20 dens : vl o . "

e 2L ot anes combunen ; A% A7.5 deaths expected on the lm_gs of the :}gc-S)zec.xﬁc_
Asbrstosss 15 death rates of all white males in the United States
Heart and circulatary disease inrhniing o - in 1964 Thus, there were 94 minus 47.5 = 46.5
Al other causes of death n 104 excess deaths, The excess deaths were due to bron-

Total, ail causes a 115 chogenie carcinoma, mesothelioma of the pleura

and  perttoncum,  ashestosis, and cancer of the
stomach, colon, and rectum.

Cancer of Lung, Pleura, and Trachea.=1n pub-
lished motality data for the United Stales shows-
v deaths each yvear {rom various causes by age,
sex. and race, the follawing diseases are combined: . . -
cancer of the lung (including sarcoma of tae lung),
cancer of the bronchus, cancer of the pleura, and
cancer of the trachea, For this group of discases,
there were 27 observed deaths and only 2.3 ex-.
pecled deaths, a ratio of nearly 12 1o 1.

It s well known that, for the United States as
a whole, alt exeept a very few of the deaths re-
ported in the cambined category are due to bron.
chopenie carcinoma. Thus, it may be assuped that
there were close to 2.3 expected deaths from this
canse as compared with 24 observed deaths, a ratio
of over 10 o 1.

Mesothelioma.~"Fen of the 94 observed deaths
were due to mesothelioma, three were due to

foneal mesotheliomas, This is such a rare disense
that i the 370 subjects had been selected as a
random sample from the general population, one
would not have expected any of them to die of
mesathelioma within a period of 52 months,

Al three of the men who died of pleural meso-
thelioma had a history of regular cigarette smoking.
Of the seven who died of peritoneal mesothelioma,
one never smoked 1egularly, one smoked only pipes
and cigars, and five had a hislory of regular ciga-
rette smoking. »

Cancer of Stomach, Colon, and Rectum.—In ou
catlicr study of ashestos warkers,' there were more
deaths than expected from cancer of the stomach,
colon, and rectum (9.4 expected, 29 observed). As
compared with a tolal of 1.8 expected deaths from
these causes, there were cight observed deaths in
this study, due to cancer of the following sites:
stomach, theee; eolon, four; and rectum, one. Al-
thouph this bears out our ecarlier findings, the num-
her of deaths [rom these causes was so small that
we still refrain {rom drawing any conclusion at
this time.

Ashestosis.—Asbestosis accounted for 15 of the
91 deaths, While it is not surprising that deaths
from this disease occur among men exposed to
asbestos dust, attention must be called to the fact
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that these subjécts were 7
primarily insulation work-

Table A ~F<timated thmbee of Luee 0 ancer Deaths Fxpected to Occirr Duninpg a Perod
of 52 Months per 10,000 Ken Lvires e Start of Penod; by Ape and by Smoking Haluts*

ers. While .all af them -
. Current Ciparetle Smokerst
were occupalicnally  ex- Neyee Tine, m—— I
Ape, Yr Smaked Cipar Freipacctte [ 1E:] 10-19 20-19 40+
POSQd to ashestos dust, tJan 1, 1963)  Repularly Only Simokerst 3 Day a Day a Day s Oay
their degree of exposure o 9 -t 35 = s
was light as compared 45 19 2 7 10 o R o 26
with. the deprée of ex- 5051 7 17 » » A4 9 . 90
. N 5559 & 1% 5 .o 2 17 , 185
posure of ashestos miners, 00 64 " n n a0 190 256
processors, and weavers 85 60 1 w a1 . 157 308 350°
in earlier times. 70 74 2 s2 100 101 206 288 450°
. . 75179 ] LR 1nn RES
Bronchogenic Carci- AN AN b W 118 193 i 3

noma.~Bronchogenic car-
cinoma accounterd for 24
sleaths while only ahout
2.} were expected on the
hasis of general United States mortality data for
white males. However, as previousiv mentioned,
evidence at hand suggests that there were propor.
tionally somewhal more cigarefte simokers mnong”
the 370 subjects than amang white males in the
United States as a whale, age being taken into
consideration. This might bave partinllv seeonnted
for the high bronchegenic carcinoma death rate of
the subjects. Far this and other reasons we made
sstimates of the expected namber of hronchogenic
carcinoma deaths, the smoking habils of the men
being taken into consideration. This was done as
follows:

Data are available on lung cancer deaths in ve-

Jation to the smoking habits of £10,000 men en-

rolled by American Cancer Society volunteers in
a prospective epidemiological study between Oc.

tober 1959 and March 1960 and traced throngh

Sept 30, 1964, Causes of death were ascertained nom
death certificates, but whenever cancer was men.
tioned on a death certificate inquiry was nuule of
the physician who signed the certificate, In cie
of disagreement hetween the two sowees of infor.
mation, the physician's statement was accepled.
For the purpose at hand, we only made use of data
covering the 52-month period heginning on June 1,
1960, and ending on Sept 30, 1961, The number of
lung cancer deaths aceurring during the S2anmih
period was divided by the number of men alive at
the beginning of the period, This was done by tive-
year age groups for men in each of the [ollowing
smoking categories: (1) never smoked repulinly
{nonsmokers and oceasional smokers heing com-
hined); (2) history of repular pipe or cigar smok-
ing, past or present, but never smoked cigaveties
regularly; (3) excigaretio smokers (including those
who had smoked or currently smoked pipes or
cigars): and (4) current repular cigarette smokers
(including those who alsa had smoked or currently
amoked pipes or cigars). The Iast of these eate-
cories was further divided by current number of
cigarettes smoked per day: (4a) one to nine eipra-
rettes a day; (4h) 10 to 19 cigarcites a day; ({¢)
20 to 39 cigarelies a day; and (dd) 40 or more
cigarettes a day. Since the men were divided into
seven groups by smoking habits and further sub-
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Care <hown in Table .

FRaned vpon dats fram g prospeciive shirdy with arpnsthinent for 1S moetahity rxprrnience

{Eipars v e eates peventen for Categnnrs with no subyects it His study See Table 2

tincludee rp viette cownters wha alno amnked ipe or cipar
smalung tuive hegher lang ¢ incer rateg than shown here,

§Ratce nhtarned by ameatbueg the ity

Men with 3 tistory of only cigarelte

divided into many five-year age groups, some of the
subgroups eontamed only a small numuber of men,
In consequence, the lung eancer death rde was
statistically vnstable in some of the very small sub-
groups, In toee instanees where the observed rate
i a small subgroup appeared o be badly out of
line, we mbitearily made an adjustment to bring it
more into line with ardjacent figures in the table
These adjusted figures which are indicated with
svimbole in ‘Fable 1 carry very little weight in the
final caleulation, AUl of the rates were then ad-
justedd as follows:

Lang cancer death rates in the United States
have visen steadily yvear by year and were higher
in 1964 than during the peniod 1960 to 1964 as a
whole, Furthermore, in the study deseribed above,
we avoided enrolling seriously 311 people and, as of
the cut-off date for preparing the computer lape,
wee had nol yel eceived death cerlificates for all
of the men now known to have died during the
specihied period of time, For these reasons, lung
cancer death rates in the study population were
appreciably lower than those reported for while
males in the Uniled States in 1064, T'o compensate
for this, we raised the rate of cach individual smok-
ing eategory so that the total lang cancer death
rde {disreparding smoking habits) in cach five-
vear aze group would be the same as that of all
United States white males (hased upon the 1964
Hle table and the 1961 distribution of deaths by
causes of death). The results of these computations
(It should be noted that
Table 4 shows onlv such rates as were required for
further caleulations,)

The rates shown in Table 4 were then applied to
the number of asbestos workers shown in each of
the contesponding internal cells of Table 2, This
viclded an estimaie of the number of lung cancer
deaths expeeted to oceur during a 52-month period
amaong the 370 ashestos workers classified by their
smoking habis, By “expected™ number, we here
mean an estimate of the number of lung cancer
deaths which would have oceurred under the null
hypothesis that asbestos workers do not differ from
other mmen in respeet o their lung cancer death
rates, bolh age and smoking habits being taken
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Table 5. —Observed and Fepected Binnehoeene Corer s oan
' Deaths by Smioking: Habits  {or 370 Ashestng Waerke

"

Obsrrved Fagee o

Simakim Habits Deaths (AT

Mever smoked repntarty 0

Hictory nt pipa, crgar sminking only 0 AR

History of reguiar cigrette smokingt 4 S
Total 2¢ 31.16

“Based upon data v Tahie 7 and Table 4,
tincludes cigarette smakers whn alen smokad PiDe N1 CIPAr
" -

Table 6.—Expected and Observed Deaths Among 632 Asbhes-
tos Workers Exposed to Ashesto Dust 20 yrars or L onper

Tots
19611967 1913.1%67

1911.18A2

Tot it deaths: all causes

Exprcted PR R 175 751

Obsearved Pk _na 340
Total caneer: all sites

Expreted ki1 A6 151

Observed asg an 144
Cancer of lung, trachea, pleura

Evpected 66 23 89

Qbeerved 15 27 72
Cancer of stomach, colon, rectum

Evpected N4 1R 11.2

Ohserved M A 37
Cancer all other sites combined

Evpected 70S 19 25

Obsarved 21 14 35
Asbestosis

E«pected [} -0 o

Ohserved 12 1% 27
All other causes

Exprcted 167 ina 205.9

Observed 148 n 178

into consideration. The results are stmmarized in
Tabhle 5 which shows the expected and observed
number of lung cancer deaths i cach of three
smoking categories.

Taking smoking habits as well as ape into con-
sicderation (Table 5) a total of 3.2 bronchagenie
carcinoma deaths were evpected whereas taking

only age into consideralion 2.3 deaths were ex-

pected from this cause (‘Pable 3). Thus, perhaps
one of the excess hronchogenie carcinoma deaths
might be attributed to the fact that there appear
to have been proportionally <omewhat maore cign-
rette smokers among the 370 subjects than among
men of the =ame ages in the peneral poepulation,

The following statemenis are based upon the
data shown in Table 5. Twenty-four deaths {rom
bronchogenic carcinoma occurred among the 370
subjects comparved with only (L16 expected, a atio
of about 7.6 to 1. This is slightly hipher than found
in our earlier study which indicated a ratio of 5.8
to 1 (not taking smoking habits inlo considern-
tion). 1t should be noted in this comnection that the
370 subjects i (his study had been exposed o
ashestos dust somewhal longer than the subjects of
our previous study (the present. 370 subjects are
survivors as of Jan 1, 1963, of subjects in the
previous study).

Of the subjects who never smoked regularly and
those who smoked only pipes or cigars, none died
of bronchogenic carcinoma whereas 0,18 of these
men were expected to die of lung eancer. This sug-
gests that exposure to ashestos dust does not. in-
crease the risk of bronchogenic carcinoma among
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men who never smoked eigatettes regularly. [How-
ever, considering the small number of such subjects
in this study, we only conelude that exposure to
a<hestos dust does not greally inciease the risk of
bronchogenie earcinoma among men who never
smoked cigaretles regularly.

Twenty-four of the men with a history of rogular
ciparette smoking died of brnnchngmnc carcinoma
whereas only 2.98 were expected to die of it, a ratio
of .05 to 1. From this it appears that exposure to.
ashestos dust greatly increases the risk of lung ',
cancer among cigarelte smokers.

Now we may ask how greatly is the risk of bron.
chogenie earcinoma nereased by the combined ef-
{ects of cigarette smaking and exposure to asbestos
duet. To answer this question, woe applied rates
shown in Table 4 for nonasbestos workems who
never smoked regululy (o the number of subjects
with a historey of regular cigarcite smoking as shown
in Table 2. This indicated that only 0.26 of the
subjects with a history of regular cigaretle smoking -~ ;
would have been expected to die of bronchogenic
earcinoma if they had never smoked regularly and
had never been occupationally exposed to asbestos .
dust. Since 24 of them actually died of this cause,
the ratio of observed to expected deaths is 92 to 1
(ic, 24 divided by 0.26=92). This appears to in-
dicate that cigarette smoking plus occupational
rxposure to ashestos dust increases the risk of
hronchogenie carcinoma by a factor in the order of
magnitude of 92 to 1. It should be noted that this
estimate does not take current amount of cigarette
smoking into consideration,

Comparison With Earlier Findings.— As explained,
we started with a cohort of 532 asbestos insulation
workers, the entire membership of the union locals
on Jan 1, 1943, We have now traced each man
through April 30, 1967, Table 6 shows {he observed
and expected number of deaths for each of two,
periads (the first, 1943 to 1962, being previously
reported’) and for the entire period. In respect to
respiratory cancer (lung, trachea, and pleura) and
in respect to cancer of Lthe stomach, colon, and
rectum, the findings in the two periods are in close -
agreement., -

Comment

The inereased rick of neoplasia (mainly broncho-
genie carcinama and mesothelioma) among insula-
tion workers reported here should be evaluated in
the knowledge that these men have comparatively -
litht exposure as sshestos trades go. Primarily em-
plaved i constraction work, many of the materials
they use contain liltle or no ashestos and others
have only 6% to 159, Conditions of work vary; -.
these men often work outdoors unlike asbestos .
operifors in factory work. Comparatively few dust- i
exposure survevs have been made in this trade but &
their results have generally been within the 5 mil- *
lion particles per cubie foot permissible limits cur-©
rently accepled by the American Conference of
Governmental Industrial Hygienists.™'" Nor have
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iditional potentially carcinngenic substances heen
‘ontified among the other materials used.™

Heavier or even lighter exposure may resull in
iferent degrees of risk of neoplasia. Heavy factory
posure in the past has in some instances resulied

considerable lung cancer risk."* In others, para-
wically, little lung . cancer was seen because as.

«tosis was so cqmmon and so severe as to canse
ath of the exposed workers hefore they could live
ng enough to develop hung cancer. Onee exposare
a5 reduced by improved budnstrial hygiene prae.
~es, early death {rom asbestosis <harply dimin-
hed and lung cancer became common,'’

In any case, heavy exposure is not hlely (o he
' most impartant problem in the future, wnless
wre he sheer carclessness or uncancern, Rather,
'ht exposure, similar to that in insulation work,
i1} be much more common, bath in direct ashestos
nrking trades and as the result of indirect ocenpi-
snal exposure, as in the construction and ship-
nilding industries.

There is another type of “light exposure™ which
ray affect many more people than those indusinal-

exposed. In the past several years, it has heen
~monstrated that ashestos bodies can be [ound in
e lungs of 259 to 50% of adults examined at
atopsy in large cities, such as Delfast, Northemn
oland, Capetown, Republic of South  Africa,
fiami, Fla, Pittsbhurgh, and Montreal. This s
resumably due to “asbestos air pollution”™ by
hers derived from industrial “spillover™ {(as dud
‘om construction sites or {actory wastes) or from
nd-product use. Such community ashestos air
ollution may be impartant since there is already
sidence that in certain circumstances, as living
ithin half mile of an ashestos plant or in the
nusehold of an ashestos worker, intimate environ.
sental contamination can be associated with come
wk of mesothelioma.” What is not now known iy
‘hether the minimal amounts inhaled by the gen-
ral public carry a similar risk.”

Nor do we know whether inhalation of the very
nall amounts of ashestos present in the air of some
smmunities is  associated with a special Tung
wmeer pisk in cigarette smokers (or, vonversely,
hether cigatette smoking makes the inhalation of
ory small amounts of asbhestos particulindy hazard.
ag). It will be important to ascertain whether sach
orcarcinoganic or polentialing or precipilating rela-
inships exist beeause, with the rapid growth of
shestos use (500,000 tons per vear world produe-
onin 1930 has risen to over 4,000,000 fons per
rar now), it may be diflicult for cigmetie smokers
n avoid inhaling air contaminated with achestos,

It may not be easy to unravel the inferrelation-
hips which might exist between communily ns.
ostos atr pollution and cigarette smoking, Bath
~<bestos exposure and cigarette smoking have a
sng-lapsed period between onset of exposume and
weurrence of neoplasia, yet for current smokers
hese two expaostures may not have bepan simnlta.
ncously; there was much less ashestos used 20 1o

IAMA, April 8, 1968 ¢ Vol 204, No 2
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10 yeais ol Younesters who start smoking now

—have o woch meater chance of hav ng both ex-
})“\'”“'

sealtanconsly,

Striie oce of Findimps for Ashestos Waorkers. —
The import of the data reported here scems clear,
There is an extraordinary risk of developing and
dving from lung cancer for asbestos workers who
smoke cigarettes regularly, In the group studied,

Cthe combiation of ashestos exposure and cigaretie

simoking increased the risk approzimately 90 times

~compared with men who neither work with ashestos

nor smoke!
Of M43 ashestos wankers who had a history of

_ ciarette smoking, 78 died within a period of 62

months wheieas onlv 32,4 would have been ex-
peeted to die within that fength of time if their age
specifie death rates had been the same as for the
general white male population of the United States.
Of the 78 deaths, 240 (3175) were due to hroncho-
Cpenie carcinoma, U is estimated that if these men
had smoked cigatettes but had not been exposed to
axhestos dust, only 2.98 would have died of bron-
_chogenic carcinoma within the same length of time.
If they had neither smoked nor heen exposed to.
ashestos dust, only 0.26 would have been expected
—ta die of the disease within a period of 52 months,
OF 87 ashestos workers who never smoked ciga-
rettes regularly, none died of lung cancer within the

T RZamonth period (although three died of ashbestosis

and one died of peritoneal mesothelioma), This
finding. heing based upon the experience of only
87 anen, dees not prove that exposure to ashestos
dust has no influenece on the risk of lung cancer
among nonsmokers, However, it suppests that ex-
Cposure toashestos dust does not lead to an ex-
tremely high risk of lung cancer among nonsmokers,
The conelugions me evident s
1. Ocenpational exposure to asbestos dust should
be reduced 1o as low a Jevel as possible; hut there
mav be an drreducible minimany level if ashestos, a
very useful nuterial, s to he used at all. Such
reduction i exposure will benefit ashestos workers
of the Tuture. However, we are also concerned with
Markers who have alveads been exposed at signifi-
camt levels tor many vears, Asbestos fibers will re-
main in their tissues for the remainder of their lives.,
2.0 Al prople incur a great inerease in risk of lung
cancer if they smoke cigarettes: for ashestos work-
ers the mmerease i risk s tvemendous, Ashestos
workets who da not now smoke ecigarettes should
never heging Those who do smoke, shoald stop
immediately, We mav hope that the decvease in
sl which resnlls from cessation of stoking among
“the general public’ will be the good fortune of the
ashestos workers as well, '
7 hea e tigstion was supported by the Hendth Resench Coune
ol af the €70y of New Yok
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of the words in the dictionary

shand there as representatives of o whole Gunily of forms.
Not even the timidest of the lnguistioally timid will run
to the dictionary for encournpement when,
_they wani to refer to a spell of “hiccuping,”
are certnin that Webster does know “to hiceup.”

for instance,
provided they

All the tense forn&] the participles, the gerunds are assumesd to be suthorized

by imphieation the moment the infinitive is known to exist,
) ]

The plurals of nouns

are stmtbuly faken for granted, and the forms of comparison and the adverbinl !

forms of adjectives

This phenomenon is generally covered by the assertion that a dictionary is not
a grammar and that each individual entry in a dictionary stands simullancously
for all its grammatieally possible forms, ( For details, consull your grammar.)

But is o gerund o groammatien] form? Or is it o suffix-derived noun?

[aan not really looking for an answer, 1 ask those questions to supgest that the -
dividing line between prammaticnl form and derived neolagisne is both hard to de-

fine and artificial, f T distinguish.

amang mmen

the “hunting” from the “hunted.”

I have done no more than farm Cgeammnticatly) two nouns from (wo adjectives
which are forms fpeamimatieallyy implied in the existence of "to hunt.” But if

“hunting”
“huntabilize? R I

The question of whe 1 oa new ward 18 a new word and when it is merely an
form of a2 conVentional ferm is indeed more complex than is grossly ap-
as an example,
or must 1 assume the responsibility {or having spawned

phied”
parent, ke
the existence of
a monster?

Or Iake "unequivoenbly,

“dehaiability”
“hair,”

is impliml.”why not "hunter”? Why not “huntee”

and "huntable” and
“im-

Can I claim the word is implied in

which indeed was the startinge point of all this rea-

soning and wonderingg, for it was spotted as a hald neologism in JAMA in the
sentence, “Hesearch ot the Public Health Service Hospital ot Lexington, Ky, has
unequiivacably proven  that methadone h s all of the cuphoric properties of

morphine,

Now, clearly, (he :ul\.’('rh

jeetive “unequivoeable.”
matically or olherwise

Lable™ of ¢ ible”

comelude that

ente™

- Bul there is a hiteh

use snbirnoas

in "

“upegquivocablv®

Lingee™ and
eqiivoenbile”

wous,” and that,

“uneaurivoeably™
and this in furn is inplied
ptivoenhle”
are Jikewise legitimate without specind dispensation, we shall
is in no sense a hold departure sinee “to equivo-
is a firmly established, standard Faglish word,
atd o thaw in the argament.
thy extension)
e onby suggest the trail of “heinge
I fear, was not infended.

i grommatienliy implied in the ad-
erammatically of semi-gram-
Il we grant further that formations in

o equivocate™ means “to
“to render ambiguous.” Henee,
apt or able to be made ambig-
Which means, by (nongrammaltical)

implication, that the discrepaney between the obviously intended meaning of “un-

equivocablv”

and its struchurnlly suppoied significance was the cause of the un-

pleasant jolt experienced by the spotting reader.

S
typo for “cquivocally.”

110

It is of course possible, and even likely, that

“uncquivocably” was just a

ALEXANDER Goog, PuD
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A highly statistically significant correlation was found between asbestosis and impaired
responsiveness in skin reaction to intermediate and second strength tuberculin and SK-
SD. Considering ANA incidence these antibodies were found with higher frequency in
asbestos workers who lacked a cutaneous response 1o the recall antigens. In asbestosis
cases peripheral blood lymphacyte profiles are alse abnormal demonstrating low propor-
tions of E-RFC. Moreover, MIF test results showed the impairment of this cytokine
generation when lymphocytes were stimulated with SK-SD, PPD and PHA in asbestosis
cases. The lymphocyte transformation study documents an impaired response mainly to
a lower dose of PHA and ConA in asbestosis cases and in asbestos workers with ANA.

The occurence of rheumatoid factor and antinuclear antibodies (ANA) in asbe-
stosis is well documentedS: ® !, Furthemore, it was shown that abnormalites in
bumoral immunity are accompanied by changes in immunological cell-mediated
reactions in asbestosis namely low proportions and absolute numbers of T-lympho-
Cytes were found?- 3 4, Moreower, skin reactions to recall antigens were also impaired
in these patients as well as abnormal responses to PHA!,

The problem to what extent lymphocyte malfunction is involved in the patho-

genesis of asbestosis has become the most challenging problem in view of the data R
documenting the high incidence of neoplasmas in asbestos workers?®. V\ﬁk >
. 3

* This work was supported by the Polish Academy of Sciences (Grant No. 10.5).




AUTOIMMUNITY PHENOMENA

MATERIAL AND METHODS

All people investigated except the controls came from asbestos textile plant. They underwent
a thorough medical examinations when blood was collected for immunological studies. The groups
of people which were compared to each other were matched for age and sex. Details about these
people are given in the tables. Hospital staff who were in apparent good health served as controls for
lymphocyte studies.

Autoantibodies in sera were detected with the use of the immunofiuorescence method.

Delayed hypersensitivity skin testing. As recall antigens tuberculin and streptokinase-streptodor-
nase {SK-SD), (Serum and Vaccine Factory, Warsaw) were used. Intermediate test strength were
2 U and 5 U for tuberculin and SK-SD, respectively. The second strength was 5 U for tuberculin
and 40 U for SK-SD. The results were read 48 hrs after injections. Induration at least 5 mm in dia-
meters was regarded as positive. -

Erythrocyte (E-) and complement (EAC-) rosettes forming cells (RFC) study. Lymphocytes were

obtained from peripheral blood by centrifugation at a density gradient Ficoll (Pharmacia-Uppsala) —
Uropolinum (Polfa, Poland). To determine E-RFC 0.25 mi of 195 SRBC suspension in Hanks’
balanced salt solution (HBSS) was mixed with 0.4 ml previously absorbed with SRBC heat inacti-
vated calf serum and with 0.5—1.0x 10° lymphocytes suspended in 0.1 m! HBSS and with 0.4 ml
HBSS. EAC-rosettes were measured using IgM antibody sensitized SRBC and fresh mouse serum.
Details of the method are given elsewhere % 132,
. Direct migration inhibitory factor (MIF) assay. This test was performed according to the method
given by Rockimn®. The following stimulants were used: PHA (Wellcome) 2 ug and 8 pg/mi of
medium, PPD (Serum and Vaccine Factory, Warsaw) 1 ug and 10 pg/ml of medium and SK-SD
(Serum and Yaccine Factory, Warsaw) 100 U and 200 U/ml of medium. Inhibition of macrophage
migration was never observed with cells obtained from guinea pig peritoneal exudate with addition
of only stimulants without human lymphocytes.

Mitogen-induced lymphocyte transformation test. This test was performed with the use of micro-
assay of DNA synthesis. In general the method given by OrpeNHEM and SCHECTER” was followed
with some modifications. The following mitogens were used (in brackets are given the intermediate
and the higher concentrations of mitogens which were used): PHA (Wellcome; 5 pg/mi and
20 pg/ml), ConA (Sigma; 2 pg/ml and 10 pg/ml), PWM (Gibco, Grand Island; 0.01 ml/mi).

Titriated thymidyne (0.5 uCi/well, specific activity 28 Ci/mmole) was purchased from Institute
for Research Production and Application of Radioisotopes, Prague. Statistical analysis was made
with the chi® test with Yates modification.

RESULTS

Skin testing. 271 asbestos workers were examined with SK-SD and tuberculin.
48 of them did not respond to any of the antigens when they were used in intermediate
strength. In this group of people, asbestosis was found more frequently when com-
pared to workers responding at least to one antigen (19% versus 4%; chi® = 11.0,
p < 0.001). ANA positive cases regardless of the presence or absence of asbestosis,
‘were also more frequently found in this group of non-responding asbestos workers
when compared to responders (31%, versus 11%; chi? = 11.0, p < 0.001). However,
when asbestosis patients were excluded from the calculation this difference became
weaker and statistically non-significant (18% versus 7%; chi? = 3.2, p< 0-_1)-
44 of the non-responders to both antigens intermediate strength were retested with
second strength antigens. 29 of them failed to respond again. Asbestosis cases were
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found in 17% and ANA in 289% of this group. The percentage for responders equaled
59 and 12% for asbestosis and ANA occurence, respectively.

E-and EAC-RFC study. This work confirmed our previous work* showing that
proportions of E-RFC were significantly lower in asbestosis cases (n = 14) as com-
pared to asbestos workers without lung fibrosis (n = 51; 46%+4-7 versus 52--10,
p<0.05). However, no statistically significant difference was found in respect
10 absolute number of E-RFC. On the cther hand, in asbestosis cases higher propor-
tions of cells lacking E-and C-receptors were found when compared to non-asbestosis
cases (329457 versus 25%+11; p < 0.05). No difference in the proportion and abso-
jute number of EAC-RFC was found.

In ANA positive cases regardless of the presence or absence of asbestosis a lower
percentage but not absolute number of E-RFC were found when compared to people
Jacking ANA (47% 48 versus 524-9; p << 0.05). However, this difference became insi-
enificant when patients with asbestosis were excluded from the calculation.

MIF study. A majority of patients with asbestosis lacked responsiveness to
PPD, SK-SD and PHA, when these stimulants were used at their first strength to
generate MIF production. The percentage of people who did not respond to any of the
stimulants were 67%, 30% 35%, 339, for asbestosis cases with ANA, asbestos workers
with ANA but lacking asbestosis, asbestos workers cases without asbestosis and

Table 1. Summary of migration inhibition test results

Asbestosis with ~ Without asbestosis Without asbestosis
ANA n = 12(9/3)* with ANA n =10 and without ANA
mean age = 52 yrs (8/2) meanage = 47 n = 17 (13/4) mean
duration of employ- yrs, duration of em- age = 46 yrs, dura-
ment from 13 to ployment from 7 to tion of employment

Control group
n= 16 (14/2)
mean age = 38 yrs

~

26 yrs 25 yrs from 4 to 30 yrs
All results
with first 30/36“3" 19/25 29/50% 26/45
strength of (83%) (65%) (58%) (57%)
stimulants
All results
without se- 23/26 16/29 24/49 22/45
cond strength (64%) (55%) (50%) (43%)
of stimulants :

* Number of people investigated (in brackets female/male); ** ratio of the numbers of tests
vith impaired MIF generation to numbers of all test performed (in brackets are given percentages
of impaired responses); * the difference statistically significant between groups labeled a (chi? =
= 3.11; p < 0.05); © the difference statistically significant between groups labeled b (chi® = 4.98;
P < 0.05).

ANA, and in controls, respectively. When the results of second strength stimulants
are considered, the differences were less pronounced and these percentages were as
follows: 42%, 30%, 24%, and 27%, for asbestosis, asbestos workers without asbestosis
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902 : AUTOIMMUNITY PHENOMENA

but with ANA, asbestos workers without ANA and asbestosis, control group.

'Summary of MIF results are presented in Table 1. When MIF results obtained with

the first strength stimulants were taken together within the groups, it showed that
asbestosis cases differed significantly from the controls in the number of test results
demonstrating a lack of significant macrophage migration inhibition.
Lymphocyte transformation study. Lymphocyte transformation test results are
considerably scattered in all groups investigated but mainly in asbestosis cases. To
evaluate the results expressed in counts per minute it was judged that all results
below the mean value of the control group minus one SD were considered as abnor-
mal. Table 2 shows the number of patients test results below this value. This clearly

Table 2. Frequency of impaired response of lymphocyte microcultures in vitro to
mitogens

— L. Without asbestosis Without asbestosis
Asbestosis with — _op ANA 7= 5 and without ANA

ANA 7 =12 O3)* (315) meanage = 50 5 = 11 (9/2) mean
mean age = 52 yrs

yrs age 44 yrs
PHA (20 pg/mi) 6/12 (50%)** 3/5 (60%) 2/11 (18%)
PHA (5 ug/ml) 8/12 (67%) 3/5 (60%) 3/11 (27%)
ConA (10 pg/mi) 8/11 (73%) 4/5 (80%) 5/9 (55%)
ConA (2 ug/ml) 8/11 (13%) 3/5 (60%) 3/9 (33%)
PWM (001 mi/ml)  8/11 (73%) 4/5 (30%) 3/9 (33%)

Results of the test were expressed as mean counts per minute of tritiated thymidine
incorporated by quadruplicate microcuitures. Impaired response means those results
below mean value of control group minus SD; * number of people investigated (in
brackets female/male); ** ratio of numbers of impaired response results to ail number
of patients tested (in brackets are given percentages of impaired responses).

demonstrates that in asbestosis cases 67%, and 73%, of cases are in the abnormal range
when PHA and ConA were used in the intermediate concentration. Similar results
were also found in the asbestosis negative but ANA positive group. Only 27% and
339%, of asbestos workers with prolonged employment but lacking asbestosis and
ANA were in the abnormal range with the same concentration of PHA and ConA.
When indices of stimulation were considered the percentages of abnormal results in
the asbestosis group and in asbestos workers without asbestosis and ANA were

~ comparable. The highest percentages of abnormal results were found in groups of

asbestos workers using the intermediate concentration of PHA (73% to 100%)
and ConA (409, to 64%). Interestingly stimulation indices of PWM activated cultures
in asbestos groups of people were in almost all cases within normal range.
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DISCUSSION

This is a preliminary report of our work on the range of lymphocyte functional
abnormalites in asbestos workers. It was clearly documented with the use of four
different technics that cell-mediated immunity is impaired to the greatest extent in
asbestosis cases and to lesser extent in asbestos workers without asbestosis but with
ANA. The abnormalites found in the group of people with ANA points to the close
relationship between humoral and cell-mediated immunity abnormalites in asbestos
workers. However, the most pronounced abnormalites are found in cases with lung
fibrosis. This implies that impairment of cell-mediated immunity is closely linked to
the disease process in asbestosis, which is connected with a high risk of cancer.
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