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Is lung cancer associated with asbestos exposure when there are
no small opacities on the chest radiograph?
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Corbett MeDonald

Summary
This study was designed to test the hypothesis that the
sk of lung cancer from asbestos exposure (s confingd to
parsons with radlographic evidence of pulmonary fibrosis,
Cooupstional and smoking histories were obtalned from
274 patients with a confirmed dlagnosis of primary lung
canger and 678 referemts (279 with other respiratory
disease snd 399 with cardiae disease), Mistories were
reviewad blind 1o assess the tming, duration, and
probability of exposure to sabestos, To allow for a |eg
betwesn asbestos exposure and the development of jung
caneer, subjects were olassified by the time they had spent
in an osoupation entailing definite or probable sxposire
more than 15 years before diagnosis. The pressnce and
axtert of fibrosis wes sssessed blindly from  ohest
radiographe by three readers and sgored for smalt opacities
with the WO 19380 |aternational
Radiographs of the Preumoconioses, 93 (34-3%} cases had
worked 1g an occupation with definite or probisbie asbestos
exposure compared with 176 (25-8%) referents (crude
odds ratle for lung cancer 1-49, 95% Cl 1-08-2:04), After
adjustment for age, sex, smoking history, and ares of
referral, the odds ratle (95% CI) was 2.03 (100413 in
the sybgroup of 213 with a median JLO scere for smail
pargnchymal opachles of 1/0 or more, and 1-58
{1:02-2.39) In the 738 with @ score of O/1 or iess {is,
those without radiologicar evigence of pulmonary fibrosis}.
These reaults guggest that asbestos i§ associated with
lung cancer even in the absence of radiclogicatly apparent
puimonary fibrosis,
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Ashostos sxposure increases the risk of lung cancer, but it
is unclear whethor such exposure dogs so in the absenes
of radiologleal evidence of pulmonary fibrosis. In the UK
and several other countrles, compensation for asbestos-
refated disense recoghises Jung cancer as asbesros related
only if there is radivlogical or pathelogieal evidonce of
lung fibrosis or diffuse pleural thickening. In other
countrics, compensation is based on durstion of exposure
in redevant occupations.

Cohort studies show thar the excess of fung cancer in
ashestos-exposed workers is 8t Jeast a5 grest as the
number of cases of mesothelioma.! D¢ Vos Irvine and
colloagues esumated thar 57% of hung cancers in
Glasgow and the west of Scotland were asbestos related.
This i3 in line with esdmates from the USA* There are
ground 35 000 new lung cancers each year in England
and Whales,* of which 2000 or so may be asbestos rolated.
Data from the SWORD surveillance schome' suggest
thar comparatively few such cases are recognised, possibly
because once the patient is identified as a whaeco smoker,
the physician does not inquire into asbestos exposure. But
another factor may be the prevailing view that pulmonary
fibrogis is 3 necessary prerequisite,

Small opacities on the chesr radiograph are s useful, if
imperfect, marker of pulmonary fbrosis. They can be
objectvely assessed with the ILO 198% International
Clagsificarion of Radiographs of Frcumoconioses® With
this systemn, a score of /0 or more for small,
characteristicaMy irregular opacities is usually considered
svidence of fibrosis, whereas a score of &1 or less
indicates no radiclogical evidence of Sbrasis, We used this
scorc in a hospita)-based case-referent study to examing
whether pulmonary fibrosis is 2 prevequisite of asbestos-
related Jung cancer.

Patients and methods

Subfects were sclected from routine adulr admissions to the
London Chest Hospitul between Seprember, 1992, and March,
1903, Cases were consecutive patents with 2 hiswlogically or
cytologically confirmed disgnosis of primary ‘beonchial
carcinoma; referents were consecurive potients with regpiratory
diseased other than lung cancer and a randarn sampls {aversging
one in three) of admissions with cardiac disease {table 1}, A
patient was excluded if he or she haod ficar bren admitted with the
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96 (35-4%) hng cancer cases, 106 (38-0%) raps:smr?
referents, and 92 (23-1%) cardiac referents wars women
{rakle 3). Lupg cancer cascs were on average older and
had smoked mors heavily. 56% of cases came from the
locat population; the proportion was higher for respitarery
moferens {7T1%) than cardiac referenrs (41%). & high
proportion of male cases (51:4%) had worked in z job
with somne degree of asbestos exposure, as had 35-6% of
male referents. Very few women had any exposare.

There was Jintle difference betwwen lung concer casés
and sespiratory referents in their ILO scores for small
opacitivs, but few cardiac referents had a profusion scors
of 1/ or above. 2 of the 4 respiratory referents with
profosfon scores of 3/2 or above had cryprogesic fibrosing
slveclitly, 1 had pulmopery rubevculosis, sod 1 had
sarooidoss, Agreement about ILO scorss was unanimous
in 563 {76-3%) of the 738 padants with a median score of
1 or less (po radiological evidence of puimonary

fibrosis) (rable 4). Overpll agreement way simfiar 1o that

found In previous studies in which chest radiographs
have beent scored by multiple readers with the ILO
system,

In the swady group as 3 whole, 93 (34-3%) cases had
wacked in an occupation with deflnite or probable
asbestos exposure comnpared with 176 (25-8%) referents
(OR 1-49, 95% CT 1:09-2:04), “Table 5 shows the resuls
of a logiste model which adjusts for age, sex, twoking,
mned ongin of the patenr (focal or terviary rsferral), and
icludes exposure categorised by duraden. Type of
seferral had only a smal) effect on the association berwsen
ashestos exposure and lung cancer, and led to 2
stasindically insignificsnt improvernent in model ft
However, it was considered a potential confounding
facror, and woy retained in the model. Bach of the other
vagisbier had A larger imfluence on the observed

" aszociption betwsen asbestos and Jung cancer, and lad to
_ significant improvement in model fit,

The lngistic mode]l showed that ORs for lung ceacer
incressed with psck-years of smoking and with ags, and
that parients who had worked in a job with definite or
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Tabia 4. Agroctment between the 3 readars on 1O seom for
smail opacities in 949 radiographs

protigble asbesios exposure more than 15 years before
dingnosis had 2 higher risk of lung cancer than those who
bad nor. With & simple classification of 2sposwie—any
relevant job sgainst none—the QR for hng cancer
adiusted for age, sax, smoking, and type of refemal was
166 (1-15-2'38). The comrasponding OR with rospirarory
referents only was 2202 (1-26~324), and with cardiac
referents only 1-44 (0-96-2-16).

In the subgroup of 211 with & rmedians ILO score of 1/0
or rnore, the OR was 203 (1 00-4+13), and in the 738
with & score of 0/) or less, it was 156 (1:03-2-35),
suggesting an associaton berween ashesios sxposure and
lung cancar in the absence of fibrosis. The corresponding
ORs from separate analyses of the referent groups wers
also similar: 1-98 (1-13-3:45) for respiratory referents,
and 1-41 (0-88~2-26) for cardiac referents.

In the subgroup of 655 patients with a median O
score of 00 or less (those for wham at least rwo radors
sgrecd about the absence of small opacides) the adiusted
OR for lung cancer was 148 (0-93-2:35) for resplratory
referents, 2:09 (1-312-3.89); for cardisc referenty, 135
(0-82-2-22)%; and 1-44 (0-89-2:32) when the 37 parients
with any forr of pleural thickening were alse excluded,
The results for the separate referent groups, including
several not tabulated here, wers taken as sufficiently

slmdlar 1o justfy combining respiatery and  candiac

veferents for the main analysis,

Teuts for expesure-résponye are shown in tmble 6. The
polnt estimates of the OR were not higher i the category
of jess than 5 yeary exposurs, althéugh the Ol were
wide. There was evidence that ORs increased with
durarion of exposure both in patients with ILO scores of
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Table 1: Histologiosl typa of Jung cancers and diagnouls of Pmm 2:‘1“::; ggé»g
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refovast disease more than 9 monthy before, or if no chest Sgware ity )
mdiogrph was vailable. 4 paticnts ware excluded because their §;’§*”"fa ﬁrgmﬂr boliding ates) g{iﬂ i‘; ;i‘é}
ariginal refereal lotrors suggested they had been vefurred becanse bry cloaning 1 (o) 10
of possible ssbeston exposure, 23 beesuse they did not wish to be Electioal onginesing 2(04) tion
Interviewsd of wouid noy complete the interview, 29 because the ?mm mﬁﬁwtw ;w-;; 2’;‘&}3)
chest rudiograph was technically unspusfoctory or unavailuble, Arage e 2 1)
and 7 becawse full case aotes could nov be traced. m gﬁﬁ'f W;‘wm . 12 f?,;i - E;g;
Daguosis ad seavon for and soures of neferval were obtwined Sarigpetsl work 3 (1) 10 (364
from case notey, snd osoupations) and smoking bistories by Survnors site supivity ¢ {07
intervisw duting admission by § rescarch nurse who was not Tolaphordoatsing enginuer 7 2 {04}

informed of the petiant’s disgnosis and did not know the study
hypotheuls, Since bss might be intreduced by informing patients
of the purpose of e reaarch, the hospital erhicy commines
agresad that subjocts could nnly be asked whethor they woeuld be
witling to participate in 2 seudy of oceupational facrors In e,

Farents were gsRed 1o lsg, with daves, evory Job since leaving
sehool of more than & monthy’ duration, the nane of employers,
to degeribe the work, snd whether the work had eatalled
exposure to dust from wood, coppar, asbestos, slica, or cement.

AT the end of the study 2 Hst, based on & previcusly poblished
study of mesothelioma,! war drawn up of thirty-ode Ocoupstions
pessisly  associated with  asbestos  gyposure, Qecupadonsi
histories ware blindly teviewed mid ench job placed in one of
theve geonpational cazegories of clussifled ay entsiling no asbeytos
vxpasurs. The catregorles wers subsequently grouped by thelr
probability of expomnre (table 2), Information on smoking habir
included an estimate of the svorage daily tigaretie contumption
during ¢ach decade of Hfe, the sum of which gave the total pack-
yeats of consumption.

The presence snd exzent of smoll opacites and pleurst changes
wers asasueed fom the chest radiograph taken neatest to the time
of frst diagnosiy, Three readers independently scored each Gln
with the ILO gystem ¢+ Ag petrly all cases and many controls had
radiologicul ehango: which suggested the disesse for which they
had been edmirred 1o hospitnl, esch radiograph was first reviewed
by a sadivlogist not participating in the scoring who blacked out
changes such a3 2 tumowr mass or lymiphadenopathy with an
opaque silhouene over the affected quadrant; no more than ™wo
quadmanis per film were obscured. § cuses and O referents were
refected becuuse the fim waz of poor quality or becsuse
disgnosic faatures could pot be disguised by covering two
quadrants. Films wete pracesied in batahes of fifty and within
dach batch zach quadeant was covered with similar frequancy in
filme fromn cenes and referents, $0 achieve g similay distribution of
blacked-out arexz in the two groups, sven if there was no
abnormaelity. Tnder the RO system, a profusion score for smalt
opaeities i gives by reference 1o 4 ser of atandard films, Score:
compriss twe nunbers, The frer ie the reader’s best assessment
of the appropriste futegoery, the sccond iz whichever adiscent
category had slso 70 be comsidered. They form the following 12«

Qrtly Jote Wil startati 16 years or more beford disnosth s shows! 125 (48-1%)

S8 3 AT (52-T%) refetants had not boen cmpioyed in any 0f these eesupationat

grouy i $he relevaet poviog, Ingividual workers mey heve contritveed 10 mrs thas
Bk SRppIRIonE! group. MASN aumbar of relevant Joby per parson wos 085 It caser

sa« {78 1 reforents, with tange In btk grougs of 0 to 8.

Table 2: Probatality of ashbston exposure In oceupativna

groups

point scale of Increuning profusion; 04, 0/0, 01, 140, U, 12,
241, 812, M8, 3/2, 313, A1,

Jobs were divided {nto those associated with definite or
probable ssbestos sxposuta, and those with poasible, unilikely, o
definitely no exposure. Patients who had worked in jobs with
definfre or probable expnsure were further subdivided by the
fength of time in these jobsi O years, loss than 5 years, 5 w §
voars, 1O yosrs or raore, Becouse of the lag berween syposure sod
the dovelopment of cancer, onily time spent in jobs more than 15
yisrs before dizgnovis was considered relovant,

Crude and adlused odds muos for lung cancer were cateulored
for a)i sublects and subgroups defined by the median IO soore

. for small opscities. The main atudy hyporhesis related to the

group with 5 snedian score of 0/4 or less since these patients muy
be sontidered 1o have no radiological evidence of fibrosw.
Although semsll opacities may be due (o pathological changes
other than fbresls, their ubsence suggests thar the patient is
unhikefy @5 have relevant Sbrosis. Respiratory end cardiac
roforenms were combined for the main anxlyges, bur anafyses wors
aleo carried out separaigly for each set of referents, Their results
were broadly sumilar

The influsnce of potenual confounding fscrors (s&, age-
group, psck-yeurs of smoking, and type of referral) on the
disgase-pxpasure refutlon was assessed by multivanate loglste
modelliag. Improvements in model fit were assessed fom the
Hkuliend rado statistic, although confounding varfables were
included in the model because of theit observed er potential
influence on the ssociation between asbesros exposure and jung
cuneer; they did nor need to meet specified cnteria for
{mprovermnent in model fit. All quoted likelihood ratio sraristics
sre thost oblsined Dy fitting the rclevane variable lase, Cdds
watios (OR) are shown with 05% Cls.

T

Vol 348 » Aped 28, 1595

P13




RN e r

oo S 3 J— . :Er

JUL-13-2001 FRI 04:08 PN e

- Coangaas Moo R 9ERCl

Ins o
patients | .
— gt — et
Sox
Men - . #m i
Womsn i) T R23 183328 ATT 1 «0eB03 .
——— ——— - — s
Aghroumn {reere}
<53 . 238 1
5053 . 247 2] G7elibd  ABE 2 DO
&0-62 313 148 83~2:29
=75 §35 297 1-43.343
fakyanaof
cigaeatte pnoiing
None ALl H
<35 128 187 188-784 802 4 000
1828 H 767 44D=142
30=24 03 852 A-T0-168
»45 bl 129 sw@e
Reternsé
Lacal £18 i
Tertisry 433 4 075-279 028 1 Oé%
Yoars of supowes
[+ GBO 3
<5 74 158 80=279  B51L  3 0047
5.8 48 222 118429
wil} o 152 Q47337
*LASsiketihovd ratin sistintic, Mrm ol freadem.
Tatie 5: Aesults of lagatic mode!

0/} oy less and in those with scores of 0/0, Only B women
had any relévane asbestos exposure, Lung concer was rare
below the age of 40, and few younger patients had
sufficient time o sccumulate significant exposure given
the I5wear lag. Consruction and eléctrical work
vontributed mont to exvess of agbestos exposure in lung
cancer casés, although insulation and foundry wurk ware
alzo inparong,

Pardents were insccurate in assessing thelr ashestos
exposgre; onfy 121 (449%) of the 269 pationts clasuified
us ashestos éxposed on the basis of thelr occupation
reported that they had worked with asbestos, and 42
(13-5%) reporwed exposure, although thelr jobs suggested
they had nose. I the vabgroup with ILO scores of /T or
less, the adpusted OR for selforeported axpasare was 1119
{0-73-1-81), which was lower than the estimare based on
objective assessménr,

One parucipatng physician o the study (RMR) had &
special interest in asbestos-related disease, bur exclusion
of parients first admitted under his care made little
differessice 1o the point estimate (OR in the subgroup with
ILO scores of 071 or less was 1:6) [0-86-2-99]).

Of the 127 patients crcupationally exposed less than 13
years before Sesr disgniosis, all but 20 had alse been
exposed more than 15 years before diagnosis, The
independent effect of recent expostre could not therefore
be determined with precision but, in the study group
overall, axposure within 15 vears of diagnosis and nor
before had am OR of 1-11 (0-34-3-59). This point

TakE of dxpasice AR yuiiocty Men 40 yeara
ﬁblﬂli <3/8 {1m288) [n=448)

- i 1
<5 088 §0:47-2:06) 0-90 [0-41-2-56)
<3¢ .56 {1:24=5:20) 338 {1:51~7:32}
=20 185 0-54-2-€5) 1148 [0-64-2-84)
:)Lo Hotest /0 firga-t-1] {r3G8)

i 1

<5 083 (0-371.88) 078 (0-38-1-TB)
<10 242 {1:14-5:112) P28 [144-7:43)
10 148 (0-88-2.8Y) {42 {D-76-2-84}
Table &: Adjuwted ORs for lung cancer In relation to radlologlcal
&core and yaurs of gxposire

satimgate is fowep than rhe corresponding figure for pza-lag
W(OR 1 66 {1 15-2- 38]) '

Our results do not sumt :hat radiolomeal e’v:denca of

fibrosis i o prerequisite for asbestos-related hung cancer,

In parents without parchhymal opacities, there was s
56% excess of lung cancer In those who had @ high
probabilizy of occupationa] asbestas exposurs gt lcast 15
vears befors with some, albeit weak, evidence of & relution
with duration of exposure.

Two issues affect interpretation of our findings: the
adequacy of occupational histories in reflacting asbestos
exposurs, and the sensitivity of chost radiography in
detecting  pulmonary fibrosis. The  occupational
chasificadion we - used  discriminated well  between
mesothsfioma cases and controls in a survey in the USA
and Canada,? and we have no toason 1o think thar It
would nor have done so adequarely for lung cancer in our
study. The sensitivity of the chest radiograph for detecting
pulmonary fbrosis s about 80% of cases with histological
evidenee, ™ Howsver, sensitivity estimates will depend on
the specificity and sensitivity achieved by radiclogisty snd
histologiets, and selecrion of cases. Staples and ¢olfeagues
have shown that higheresolution computod tomograghy
may reveal gbnormalivies in around a thied of asbestos-
exposed workers without small opuacities on the chest
racdiograph.® This method may thus be a2 more sensitive
indicator of ssbestos-related Gbrosis than radiography.

In this, a8 In most ¢ase-referent studies, it is impossible
o elisinare all biss, But patient interviews and exposurs
assessments were carried out without knowledge of the
undelying disgnosis, and we believe that the use of
opaqgue sithoueties un the chest rdiograph was sucoessfial
in disgsing the underdying dlagnosis, although on some
occasfons an area of fbrosis might have been obscured.
Alhongh patients may be solective in their recall of
ushestor-egposed jobs, the gystematle way in which jobs
were resorded angd classified, and the fact vhar patients
themselves were Inscourard ar  asseszing their own
cxpoyute, make it wnlikely that thiv way a significant
sourse of bias. Since allocating jobs 10 pRrtoular
ocoupational categoties was carrfed out bilind ro disgnosis,
this 3= Jikely 1o have led to random misclassification of
exposure snd thus a conservative bias, 36% of male
reforents had spme asbesrog exposure. However, in the
ares of London where the study was made, exposwre is
khawn to be high.

Our findings must be considered with evidence fom
other epidemiclogical work. In a longimdinal stdy of
malke ashessos~cement workers in  Louisiana, USA,
Hughet and Weill found no oxcess of lung cancer in
workers without small opacitics on the chest radiegraph,
even among longsterm workers," although the power of
the snudy was limited. In wpskers without small opacities
foliawed for at least 20 years from first exposurs, only 10
developed respitatory cancers, whereas 9:5 were expected.
Shiis«Cremer and Bezuldenhout, in a necropyy series of
33¢ amphibole-asbestos muners in South Africa, found
the proporional mortality rato for lung cancer was raised
in those with histological evidence of pulmonary fibrosis
bur not otherwise ¥

Bvidence that fibrosis may not be necessary for
asbastogerelared hupg cancer comes from a longinudinal
study of Qucbec asbestos miners and millers® The

investigarors concluded that maost, but not all, hwmg |
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cancers atributable to asbestos showed radinfogical
shoorpalities, most of which were small opacites.
However, the chest radiographs used in this anslysis were
oftery taken many years bafore death and some workers
may subsequently have developed fibeosis. Our rasujes aps
consistent with a hospitsl-based case-control study in
which an axcess 1isk of lung cancer was observed in
patients with an occupatdonal history of asbestos exposure
bat ne pulmonary fibrosis.*

I there 1n an association berween ashestos and lung
cancor without fbrosis, it is of interest for both sclancifie
nod practical reasons. From q scientific standpolnr, it may
sugrest thar agbestos s aot carcinogenic solely becanse &t
i fibrogenic, sithough the absence of small opucities on
the chest adfjograph does not exclude fAibrotic change at &
microscopic level. More impomandy, from & practical
point of view, it indicates that asbesios cxposurss which
do not cause amall opacitles on the chest radiograph may
nonethelous incresse the risk of lung cancer, sud this
nteds to be considersd by those responsible for industrial
hygisme and compensation of workers with asbestos-
relared lung disease.

“This siucdy v yapported By 3 wrant from the Health and Sufery
Bxeoraive,
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HIV-1 subtypes and male-to-female transmission In Thailand

Chalyes Kunanusont, Hiardis M Foy, Joan K Krelss, Supachai Rerks-Ngarm, Praphan Phanuphak, Suwanee Raktham,

wa Pau, Nancy L Young

Summary

We axamined the risk faotors for hetercsexual transmission
of iV in a casegontrol study of couples In Thalland, 80
Hiv-positive men and their regular sex partnars were
enrclied &t the Immune clinic, Chulalongkorn Hospltal,
where 92% of male index casss had HiV-1 serotype A
{subtype E). Most index cases had acquired HIY through
sexual Interoourse. 95 couples were enroiled ar 18
detoxification cllnics, where 79% of them had Hivi
serotype B {subtype B), Moat men had acquired HIV
through Inlecting drug use (IDW).
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The HIV seroconcordance rate was highar in the Immune
clizic {69%) than in the IDU clinlcs {48% overadl, and 27%
after sicluding female partners whe were IDUS) {pe0.01).
The rate was also higher among couples in whem the male
index gase was infected with serotype A {subtype E)
comparad with serotype B (subtype B} (70% vs £2%, OR
2-1, 86% Cf 1-2-4.2). When we exciuded coupies In whom
the ferals was Blo an 10U, the difference in toncordance
rates was even more pronounced (70% vs 28%, OR &8,
92X G 2.7-17-6), Viral factors or  subjects’
gharasteristrics may have contributed to the concordance
rates. In 8 multivariate jogistic regrassion analysis, Hiv4
sorotype A (subtype E) of male partnets {adjusted OR 3.4,
85% €I 1-1-9-0) and history of DU in female pertners
{adjusted OR 4.8, 98% ¢l 1.4-159) remsined
independently associated with HIV seraconheordanss,

This study suggests that HiV-1 subtype E may be
sssociated with higher risk of hetercsexual iransmission

. than subtype B. If so, the predominance of subtype E In

Thaliand may have contnbuted to the rapid spresd of the

" HiV epidemio,
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