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summary

This Study was designed to test the hypothesis that the

risk of lung cancer from asbestOS exposure is cOnfined t0
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27■ patients vvith a confirmed diagnosis of primary lung

cancer and 678 referents (279 With other respiratory

disease and 399 With Cardiac disease). HiStOries were

reviewed  blind to  aSSess the timing, duration,  and
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cancer,subjects Were ciassified by the time they had spent

in an ocCupation entailing definite Or probable expoSure

more than ■5 years before diagnOsis, The presence and

extent  Of fibrosis was  assessed  blindly frOm chest
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Radiographs ofthe Pneumoconloses.93(34,3%)caseS had

worked in an ocCupation with definite or prObable asbeStOS
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These resulis suggest that asbestos is associated with

lung cancer even in the absence of radio10giCally apparent

puimonary fibrosis.
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arOund 35 000 new iung cancers each year in England

and Wales,40f、 vhich 2000 or sO may bc asbestOS rclatcd

Data iom the SNVOREl survcillancc scheme5 suggest
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THE LANCET

Lung cancers(n=27■)
Non SmaH Cell

squamous cell

Large ce‖

Adenocarcinoma

sma‖ce‖

AIV001ar

M はe d / u n d e t e r m i n e d

Probab‖Ry or asbestOs exPDSure

(OCCupational grOup)

No o,cases    No oF

(%)         rererents(%)

1 ( 0 4 )

13(48)

2 ( 0 7 )

Definite ex,OSuFe

Asbestos production

Heat ng trades

i n s u l a t b n  w o r k

5 ( 0 7 )

3 5 ( 5 2 )

6 ( 0 9 )

R e s P l a t o 『y  c o n t r o l s  t n = 2 7 9 )

chronic airways disease

B r o n c h i e c t a s i s

o b s t r u c t i v e  s i e e p  a p n o e a

Tuberculosis

Respiratory nfecばons

cOnnective tissue disease

Misce ianeous other

Probable exPosure

Construction

Electttcal work
Foundry work

Fireman tsteam ocomotive)
R al‐engine ntter
Sheet‐met31 WO「ker

S h i p y a r d / d o C k  W O r k

88(130)

15(22)

16(24)

4 1 0 6 )

4 ( 0 6 )' 7 ( 1 0 )

41(61)

10(15)

3 ( 0 4 )

48171)

10(15)

9 ( 1 3 )

5 1 0 7 )

8 ( 1 2 )

3 ( 0 4 )

46(68)

46(68)

73

21

21

33

18

14

99

51(188)

7 ( 2 6 )

7 ( 2 6 )

1 ( 0 4 )

3 ( 1 1 )

3 ( 1 1 1 ア、

2 1 ( 7 8 )

2 ( 0 7 )

4 ( 1 5 )

16(59)

6 ( 2 2 )

3 ( 1 1 )

2 ( 0 7 )

3 ( 1 1 )

2 ( 0 7 )

24〔89)

1 7 ( 6 3 )

6 ( 2 2 )

3 ( 1 1 )

1 ( 0 4 )

1 ( 0 4 )

1 ( 0 4 )

7 ( 2 6 )

2 ( 0 7 )

14(52)

3 ( 1 1 )

0

2 ( 0 7 )

Cardiac contro,s〔ni399)

ischaemic heart disease

valvular heart disease

R h y t h m  d i s t u r b a n c e s

other

Table■:Histo:ogical type oftung cancers and diagnosis Of

contro,s

relevant discasc morc han 9 months bcfore, or if no chcst

radiograph、vas availablc.4 paticnts wcre excluded becausc d■eir

origillal rcfcrral lettcrs suggested thcy had been rcfcrrcd becausc

of possible asbcstos cxpOSurc,23 bccause thcy did not wish to be

intcrvic、vcd or、vould not complcte the intcrviewb 29 bccausc thc

chcst radiograph 、vas icchnically unsatisfactory or unavallable,

and 7 bccausc full casc notcs could not bc traccd

正)iagnosis and reason for and sourcc of referral were obtaincd

flom casc notes, and occupational and smoking histories by

intcrvic、v during admission by a rcscarch nursc who 、 vas not

informed of thc patient's diagnosis and did not kno、v dlc study

hypothcsis.Since bias might be introduccd by informing patients

of the purpose of thc rescarch, thc hospital edlics committcc

agrccdせlat subjccts could Only bc asked whcdler dlcy would be
、vllling to participatc in a study of occupational factors in illness
PaSents were asked to list,win dates〕every,ob Sincc lcaving

school of morc tllan 6 mondls'duration,the namc of employcrs,

to dcscribe thc workぅ  and whcdler the H′ ork had entalled

exposure to dust from wood,copper)asbestos,slliCa,or ccmcnt

At the end ofthe study a list〕based on a previously published

smdy of mcsothclioma,7、 vaS dra、vn up ofthir呼 ―one occupations

possibly  associated  wid■  asbcstos  CXpOsuret  Occupational

historics werc blilldly reviewcd and each ,ob placcd in onc of

thesc occupational categories or classiflcd as cntailing no asbcstos

cxposurc.Thc categories wcrc subsequcntly grouped by Ⅲ eir

probability of cxposurc(tablC 2).InfOrmation on smoking habit
includcd an cstimatc of thc avcragc daily cigarettc consumption

during each dccade of llfc,the sum of which gavc thc total pack―

ycars of consumption.
Thc prcsencc and extcnt of sma1l opacitics and plcural changcs

wcre asscssed frOm the chest radiograph taken nearcst io tl■e timc

of flrst diagnosis Three readcrs independcntly scorcd each flim

wid thc ILO systcm.6 As ntarly all cascs and many collirols llad

radiological changes、 vhich suggcsted he discasc for、 vhich tlley

llad becn admittcd io hosPital〕 cach radiograph、 vas arst rcvic古′cd

by a radiologist not Participating in the scoring、 vho blackcd out

changes such as a tumour mass or lymphadenopathy 、 vith an

oPaquc silhoucttc ovcr dlc affcctcd quadrants no mole thanぃ vo

quadrants pcr flinl、 verc obscurcd 6 cascs and 9 rcfcrcnts 、 verc

rejCCtCd because dlc Sim was of poor quality or becausc

diagnostic fcaturcs could not be dis邸 ュised by covering 帥 9

quadrants.Fllms wcre processcd in batches of fltt and within
cach batch cach quadrant、 vas covcrcd with sinailar frcqucncy in

nims from cascs and rcFercnts,to achicvc a sirnilar disttibution Of

blackcd―out arcas in dc t、 vo grouPs, CVCn if thcre 覇 ′as no

abnormality Undcr dle II`O systcm,a profuslon scorc for small

opacitics is given by rcfcrcnce to a sct of standard fllrnst Scorcs

comprisc svo numbcrs Thc flrst is thc rcadcr's bcst asscssment

oF dle appropriate catcgory)the sccond is whichcvcr ad)accnt

category had also to bc considercd They form dle follo、 ving 12-

Possible ex,osure

A  r c r a F t  n t t e r

F i r e F i g h t e r

Lathe operato「

G e n e r a l  m a i n t e n a n c e / m a  n t e n a n c e  e n g i n e e r

O ‖/ C h e m i c a l  r e i n e r y  w O r k
P a i n t  f a c t o r y

Paper factory

R3iltrack engineer

Seaman

Transpo「t worker

Exposure un‖kelン
Carpentry〔nOt On buitthg tttes)
Civ‖engineering
Dry cieaning
Electrical engⅢleering
E ectronics manufacture
Carage mechanic
Hand‖ng bulding supp ies
Rubber/plastiCS manuracture
Scra,metal work
Surveyor/site supervisor
Teにphone、caЫing engheer

14(21)

12(18)

1(02)

1 ( 0 2 )

2 ( 0 3 )

28(41)

9 ( 1 3 )

19(28)

10(15)

5 ( 0 7 )

3 ( 0 4 )

Only jobs which started 15 years o「more before diagnosis are shown 125(461%)
cases and 357(527%)referents had nol been emp oyed in any ofthese occupa3onal

g r O u p s  i n  t h e  r e l e v a n t  p e , o d  i n d i v i d u a l  w o r k e r s  m a y  h a v e  c o n t t t b u t e d  t o  m o r e  t h a n
one cccupat on31 group Mean number ofrelevant,obs per person was 0 85 n cases
and 0 76 in reFerents,whh range in both groups Of o t。5

Table 2:Probability of asbestos exposure in occupational

groups

poini scalc of increasing prottslon:0/―, 0/0, 0/1, 1/0, 1/1, 1/2,

2/1,2/2)2/3,3/2,3/3,3/+.

JObS Were dividcd into tllose associated with dcflnite or

probable asbcstos cxposurc,and dlose、 vith Possiblc,unlikcl〕b or

dcrlnitcly no cxposurc Patients who had worked in )obS With

dcflnitc or probablc cxposurc 、 vcrc ttrthcr subdividcd by thc

lcngdl of imc in these,obSi O ycars,lcss than 5 ycars,5 to 9

years,10 ycars or morc Becausc oftlle lag betwccn cxposurc and
thc developmcnl of canccr,only time sPentin)obS mOrc than 15

years bcfore diagnosis、vas considered relevant

Crudc and adjustcd odds ra〔ios for lung canccr werc calculatcd

for all subiCCtS and subgrouPs deflncd byせlc mcdian ILO scorc

for small opacities '「hc main study hypotllcsis related to nc

group、vith a median scorc of O/1 or lcss since hese paticnts may

be considcred to havc n6 radiOlogical cvidencc or llbrOsisj

Alhough small opacities may be due to pathological changcs

ottcr han'.rlbrosis, Sdleir absellce suどgcstS that ttc paticnt is
unlikcly to have rclevant flbrosis  Rcspiratory and cardiac

referents were combined for thc main analyses,but analyscs were

also carricd out scparatcly for each set of referents Thcir results

、vere broadly similar

The inducnce of potcntial confounding factors (scx, agc―

group〕 pack―ycars Of smoking)and tte Of rcfcrral)on thC

discasc―cxpOSure rclation 、vas asscsscd by multivariatc logistic

modelling lmProvemcnis in model flt were asscsscd from the

likclihood ratio statistic)although confounding variables 、 verc

includcd in thc modcl bccausc of dleir obscrved or potential

inaucncc on thc association bcい″ccn aSbestos exposurc and lung

cancerぅ thcy did not need [o mcct specifled cri〔 eria for

improvcmcnt in modcl flt All quotcd likelthood ratio statistics

arc tllosc obtained by itdng tllc rclcvant variable tast Odos
ratos(OR)are shOWn wid■95°/6 CIS

347
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ResuitS

male rcfcrcnts VCry fcヽv women had any expOSure

罷鑑部機i鵠艦鞣灘

Median   A‖FeaderS

s c o r e    a g r e e d ( % )

O n e  r e a d e r

dttreFed by One

categOry(%】

166(175)

113(119)

19(20)

2 ( 0 2 )

One reader

dlllered by tW0

categories(%)

Readers recorded

three difterent

categO『ies(%)

0

1 4 ( 1 5 )

0

0

0

1

2

3

5 6 3 ( 5 9 3 )

4 7 ( 5 0 )

1 3 ( 1 4 )

2 ( 0 2 )

9 ( 0 9 )

0

1(01)

0

Tab e 4:Atteement betWeenthe 3 readerS On tLO SCOre for

smali Opacities in 949 radiographs

CharacterlStiC RespFratory

controis tn=106)

C a r d i a c

controis(n=92)cases       Res口 rat。「y

仰= 卸助   C O n t r d t  t n = 1 7 鋤

C a r d i a c

controls(ni307)

75(244)

91(296)

112(365)
29(95)

Cases

(n=96)

Ag。(yr)
<50

50-59
60-69
ラ70

24(137)

36(206)

69(394)
46(263)

5 6 ( 3 7 3 )

34(197)

40(231】
43(249) 錐 雛 鮭

Pack‐years oi Ciどarette Smoking

None
(15

15-29

30-44
ン45

41(237)

25(145)

31(179)

34(197)

42(243)

121(699)

67(218)

45(147)

80(261)

66(215)

49(160)

119(388)

2 1 1 1 )

19(109)

42(240)

44(251)

68(3891

103(589)

85(486)

23(131)

19(109)

48(274)

118t674)

481274)

9 ( 5 1 )

0

12(125)

5(52)

29(3021

28(292)

22(229)

5 0 ( 4 7 2 )

16(151)

16(151)

12(113)

12(113)

1 0 4 ( 9 8 1 )

1 ( 0 9 )

1 ( 0 9 )

0

39(424)

16(174)

22(239)

9 ( 9 8 )

6 ( 6 5 2 )

4 9 ( 5 1 9  湾( 7 3 o  4 6 ( 5 0 0

Locat rererral

Vears or exposurer

None

(5

5-9

>10

121(699)

15(87)

6 ( 3 5 )

31(179)

188(612)

34(111)

19(62)

66(215)

93(969)

1 ( 1 0 )

1 ( 1 0 )

1 ( 1 0 )

80(833)

15(156)

1 ( 1 0 )

0

89(967)

0

2 ( 2 2 )

1 ( 1 1 )

85(924)

6 ( 6 5 )

1 ( 1 1 )

0

Median,LO SCOre ror sma‖ OpaCに tes

0

1

2

3

121(699)
39(225)
11(64)
2 ( 1 2 )

260(847)

43t140)

4 ( 1 3 )

0

74(698)

23(217)

7 ( 6 6 )

2 ( 1 9 )

■V e a r s  i n  j o b  c i 3 S S i f i e d  3 S  e n t a i i n g  d e f i n  t e  O r  p r o b a b l e  a s b e s t O S  e x p o s u r e  3 t  i e a S l  1 5  y e a r s  b e f o r e  d i a g n O s  s

Table 3:Patients'CharacteristiCS
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characteristic No of

,atients

dt p

ⅢLRS=‖kelihood ratio staHstic df=degrees of freedom

Tabic 5t Resuits of iogistic model

O/1 or lcss and in those witt scorcs of O/0.Only 8 womcn
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坑品錯

cstimatc is loM′Cr than thc corrcsponding flBllre for pre―lag

exposurc(OR 1 66[115-2・38])

Discuss80n

Our results do not suggcst ulat radlological evidcncc of

flbrosis is a prcrequisitc for asbestos―rClatcd lung cancer

紡
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鑑描iitiiil:i韮!tiiitiiSどぱ軽鱗諾
classiflcation  、ve  used  diSCrilninated  、vell  bcsvecn

mcsothclioma cascs and con〔rols in a survey in d■e USA

and Canada)7 and ｀ Vc havc no rcason to tl■ink that it

、vould not have done so adequatcly for lung canccr ill our

study'rhc sensitivity of thc chcst radiograph for dctccting

盤 錯 3比 「鮒 3控f温 靴 鎌 督『≧端 1盟 魯鋸

d■c speciflcity and sensitivity achievcd by radiologists and

histologists)and selccdon of cases,Staples and collcagues

have sho、vn dat high―resolution computed tomography

may reVCal abnormalitics in around a rl■ird of asbestos―

搭『器がよ塩s枇岩i淵
1縛
繊品業点縦

indica〔or of asbcstos―relatcd flbrosis than radiograp哨_

In this,as in IIlost Case―rcfercnt studics,it is impossible

to clininate ali bias.But patient intervic、vs and exposurc

assessments wcrc carricd out 、vidlout kno、vledgc of thc

督鎌丹簿艦鎖
盤:よ!e黙群。撲鷲亀ぷ盟温品y靖名古薔|。ぼ
、vcre rccordcd and ciassifled, and hc fact d■at patients

themscives werc  inaccurate  at  assessing  their  oヽvn
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cvcn among long―term、vorkers,13 althOugh tl■c po、ver of

dlc study M′as lirnitcd.In、vorkers、vithout sma1l opacitics

follo、vcd for at icast 20 ycars from flrst exposure,only 10

S譜謎濫試裕粗品錨縦苔督者ユ器岳
C鉢
:F:1

論:獣器魯錨罫縄逆1絲鑑野官緊:書
but hot ofllcrwisc,14

Evidencc dlat flbrosis may no〔 be neccssary for

asbcstos―rclated lung canccr COmcS from a longitudinal

study of Qucbec asbestos miners and millcrs.15 The
investigators concluded that most)but not all)lung

SeX

Men

wOrren

1

223   153-325 177 <0001

Ag.groups(years)
(50               218

50-59             217

60-60              319

ン70             195

1

096     057-160

149    093-239

237      143-393

Pack‐years o,

cigarette smoking

None

(15

15,29

30-44

ン4 5

189-794

440-142

470-169

627-228

902 (0001
1

387

757

892

120

ReFerFal

tOcal

Tertiary

vears oF expOsure

0

く5

5-9

ン10

1

l o9     0 79-279   026

680
74
48

147

1

158    090-279   851

222     115-429

152    097-237

Years oF exPosure AW subieCte Men>40 years

!LO score(■/0
0
く5
く10
>10

tn‐738)

1
098(047-206)

256(124-520)

155(091-265)

(n章449)

1

o90(041-196)

333(151-732)

146(084-254)

(n=393)
1

0 7 6 ( 0 3 3 - 1 7 8 )

323(144-743)

142(076-264)

ILO scOre=0/0

0
く5
く10
>10

(n‐655)

1

0 8 3 ( 0 3 7 1 8 5 )

242(114-512)

155(085-283)

Table 6:Adiusted ORs for lung cancer in relatiOn to radiological

score and years of exposure
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canccrs attributablC tO asbestoS ShO｀
VCd rad1010giCal

abnormalitics, mOSi Of 、
vhiCh ヽ verC Smali OpacitiCS・

HoweVer〕 the chCSt radiographs uscd in thiS analysis、
vcrc

oicn taken many ycars bettrc deatll and sOmC WOrkCrs

挑慧開出塩鮮苫i8患牲出鮎lr甜予
a温

、vhich an exCCSS risk Of lung canccr M′
as obSCrvCd in
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1盟
畳f程滋iiS緊椎

If there is an assoClatlon

canccr without flbrosis,it is of intcrcst fOf bOth SCicntiflc

and practical rcasOns.Fronl a SCiCntiflC standpoint〕
it rnay

晋薔告ぶ能F縮品辞鮮品
dnogettC ttdy b∝au喪丘
ibscnCC Of Small opacities on

轟撤翻靭て)On thc chest radiograph lnay
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