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In the penod frorm 1945 until the mick1970s Australia was a major consumer of asbestos products. Today Ausiralio has one of the world's
highest rates of asbestcs disease Local manufacture was dominated by James Hardie indusiries wihnch also operated G small chryschio
or white asbestos mine ot Saryulgi in northern New South Wales  Jarmes Hardie has alvays clamed that the working and iving oond-
hons of its Abongingl emplovees were good. However inferncol company correspondance and ihe testimony of miners suggest ofher-
wise Hordhe's refusal fo protect its workers form a known risk contributed to o high level of occupatonal morbiaity and mortaity, 03 oid
neffective state regulations. the non-union nature of the Saryulgil workplace and the community s sofahon

Throughout the twentieth century the Australian asbestos industry
was dominated by a single firm: James Hardie Asbestos Pty Lid.
The company, which was founded at the end of the nineteenth
century, was one of the first to realize the potential of asbestos
cement products. In 1916 it opened the Camellia factory near
Sydney to produce kuilding materials. QOver the next decade
further plants were opened in Perth, Adelaide and Melbourne.
Sheltered by tariff barriers and aided by government confracts,
James Hardie soon developed inte one of the country’s most
successful businesses. In New South Wales (NSW). Hardie sup-
plied asbestos cement products to the Housing Commission, the
Metropolitan Water, Sewage and Draining Boards and numerous
Shire councils. Between 1945 and 1954 more than half of the new
homes built in NSW were made from Hardie's asbestos cement
sheets,” Largely because of the company’s success in manufac-
ture and marketing, in the three decades after 1945 Australia was
the highest per-capita user of asbestos in the world.” As a result,
Australia now has the world’s highest recorded incidence of me-
sothelioma, the most deadly of the asbestos diseases.

One of the less well known aspects of James Hardie’s history con-
cerns a small mine at Baryulgil in northern NSW. The mine, which
employed an Aboriginal workforce, was operated by the com-
pany from 1953 until 1976. The work and living conditions at Bary-
ulgil were in some ways Just as harsh as those endured by black
rminers in South Africa under apartheid. As a result, the history of
Baryulgil can serve as a window onto one of the most lamenta-
ble stories of occupational risk in an Australia workplace during
the post-war pericd.

THE INDUSTRY AND THE FIRM

The global asbestos industry was vertically integrated. From the
baginning of the twentieth century the larger US and British man-
ufacturers of asbestos-based products, such as Johns-Manville
and Turner & Newall, operated mines in Canada and Southern
Africa to provide fibre for their metropelitan factories.” The indus-
try's peak in Western Eurgpe and North America coincided with
what sorme economistsé have called the 'golden age of capitdl’
(1945-72) and, In that sense, asbestos Is an exemplar of modern
industrial production and its attendant global divisions of tabour,
Unfortunately, asbestos causes three life-threatening diseases,
namely asbestesis, lung cancer and mescthelioma, a primary
cancer of the lining of the lung or the abdominal cavity, Recent
estimates put the eventual number of fatalities world-wide from
the three diseases af in excess of five million.”

James Hardie differed from Johns-Manville and Turner & Newall
in that it bought most of its fibre from outside sources. " However,
from 1955 it did have a share in the chrysotile or white asbestos
mine at Cassiar in British Columbia  as well as operating the mine
at Baryulgil. In contrast to Cassiar, Baryulgil was small. There was
never more than 40 in the workforce.  The fibre yield was poor

and at its peak Baryulgil produced only 400 tones of chrysotile a
year, or less than one per cent of James Hardie’s needs.  Rarely
did the mine make o profit. * Despite ifs lack of size, Baryulgil had
strategic importance: the mine gave James Hardie a seat on the
inquiries run by the Tarlff Board which controlled duties on import-
ed asbestos. It also provided a back up in case of a disruption of
supplies from overseas.

Untit 1970 Baryulgil was the only asbestos mine in eastern Aus-
tralia and it was staffed by Aboriginal workers living on traditional
land. In the late 1970s there was an exposé by the ABC journalist
Matt Peacock of the harsh work conditions at the mine. - Dur-
ing 1983-84, through the efforts of the community supported by
the Aboriginal Legal Service in Redfern, Baryulgil was the subject
of a Parliamentary inquiry. It remains the only inquiry of its kind
info asbestos mining. ~ During that 1983-84 Inquiry, James Hardie
presented a picture of a safe work environment. The company
claimed to have made every effort to reduce work hazards at
Baryulgil. and even adopted dust thresholds far in advance of the
recommended standards. * Safety equipment, including respira-
tors, was made available and workers were instructed in its use.
According to the company, the plant was well maintained and
any problems were the result of breakdown or operator neglect.
James Hardie was adamant then (and remains so today) that
there has never been a case of asbestos disease at Baryulgil.

The 1983-84 Inguiry followsed a tide of littgation that had begun
in the US in mid-1970s. A flood of law suits saw the major produc-
ets, including Johns-Manvile and Raybestos-Manhattan, take
refuge in bankruptcy and subsequently reinvent themselves as
non-asbestos companies. To protect itself, in 1976 James Hardie
sold Baryulgil. and gradually phased out asbestos from its domes-
tic products. Like Johns-Manville, it managed a successful transi-
tion and by the 1990s its subsidiary, Amaca Pty Lid, had become
a market leader in the US building materials industry. But it was
not so easy for Jomes Hardie fo escape its past. On average,
James Hardie consumed 70 per cent of the fibre used annually
in Australia. - Recent estimates put the liability for asbestos dis-
ease in Australia at around $A6 billion, of which the major share
is attibutable to James Hardie. ~ In early 2001 Hardie's manage-
ment shifted its headquarters to The Netherlands and transferred
ownership of Amaca Pty Ltd to a second subsidiary, thereby cre-
afing a veil between the parent company and litigants. During
that restructuring James Hardie assured the NSW Supreme Court
that it would, if necessary, make available up to $A1.85 billion to
cover ifs liakilities. In fact the company left only $A293 miiltion in
its Medlical Research and Compensation Foundation for future
claims.20 James Hardie also falled 1o inform the NSW or Federal
governments about the shortfall. As major users of asbastos insu-
Iation in fraing, power stations and ships, those governments also
face a massive future liability.



As the result of protests by trade unions and victims groups, in
March 2004 the NSW government established a Commission of
Inquiry into James Hardie's conduct.-  In his final report the com-
missioner, David Jackson, found that Hardie's chief executive
had mislead the stock exchange about the company's asbes-
tos liabllities being *fully funded’. Jackson also found evidence
that Hardie’s management had engaged in deceptive conduct
which might justify civil or criminal proceedings. Following Jack-
son’s report. the company entered inte negotiations with trade
unions and the Asbestos Diseases Society. As a pre-condition for
a seftlement, James Hardie’s new chair, Meredith Hellicar, asked
the NSW premier, Bob Carr, to guarantes immunity for herself and
other senlor executives from criminal prosecution.- Carr teft of-
fice before an agreement was negotiated and it remains to be
seen whether criminal charges will be laid. During negotiations,
James Hardie argued that while it was the joint or sole owner
of the Baryulgil mine, the operating company. Asbestos Mines
Pty Ltd. was never under its control and that it would therefore
not include the Baryulgil community within the terms of a set-
flement. The history of the mine and, in particular, the working
and living conditions endured by the Aboriginal workforce reveal
why James Hardie has never been comfortable in talking about
Baryulgil.

THE BARYULGIL MINE

The Banjalang of Baryulgil first came into contact with Europeans
in 1840 when Edward Qgilvie established a pastoral empire along
the banks of the Clarence River. Cgilvie, who employed Abo-
rigincls on his station, which he named Yulgibar, learned the Ban-
jalang language and is credited with producing its first written
grammar.24 At its height Ogilvie’s empire employed well over 100
Abcriginals as stockmen and domestic servants. For the Bundja-
lang. work at Yulbilgar meant that the community could continue
1o live on fraditional land without being subject to the authority
of a white reserve manager.- However, Ogilvie’s empire barely
survived his death and the property was gradudlly reduced in
size. By the first decade of the twentieth century Yulgilbar was a
run of less than 50,000 acres. With the decline of Yulgilbar, young
men began leaving the district in search of work and by 1943 the
official population of The Baryulgil Square was fity-three,”

In 1918 chrysotile was discovered less than a mile south-west
of The Square and o small quarry was opened. Between 1918
and 1924 it preduced 2,500 tones of fibre, In 1940 Wunderlich Ld
began re-developing the site. ~ In 1943 a mill was installed and
with it came further improvements in output. in the following year
James Hardie, which was anxious to secure o local source of fi-
bre, entered into a partnership with Wunderlich and the Asbes-
tos Mines Pty Lid, was formed. In 1953 the James Hardie group
purchased Wunderlich’s share and from then until 1976 Asbestos
Mines Ply Ltd was a wholly owned subsidiary.-~ From 1976 until
its closure three years later. the mine was owned by Woodsreef
Mines Ltd.

Ken Gordon was 13 years old when he startfed work in 1946 as @
‘billy boy’ supplying the miners with tea and water. At 15 he went
into the quarry to work on the skips. - The mine had benches
running down both sides of the pit, Drlling was done with jack
hammers while explosives were used to dislodge rock from the
workface. Following blasting the quanrry filled with dust, and it was
usual for the miners to re-enter the site before the dust had set-
Hed.31 Ore the size of kitchen tables was broken up by hand. The
work was hard, with shoeless men using 14lb sledgehammers in
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summer femperatures of 40° celcius. . The richer ore was placed
in skips and drawn by horses to the mill.

At the mill the ore was emptied into a crusher, then processed
before the fibre and dust were drawn off by exhaust fans. At the
end of each day, the fibre was shovelled by hand into hessian
bags. The bagged chrysotile was then trucked along the un-
sealed road to the raihead at Grafton, some 50 miles away. The
milt itself was cramped and all the crushing and separation was
carried out within a single building. One of the permanent hands
would sweep dust from benches, floors and walls. The men em-
ployed in the bagging section, Andrew Donnelly, Harry Mundine,
Benjamin Cba, Richard Mundine, Albert Priest and Joe Waghorn,
all died prematurely.

The fibre was handled manually throughout milling, storage and
transpodt. The hessian bags were porous and often split, thereby
making haulage of the product hazardous. Many of the bags
used af Baryulgil were re-cycled from the Camellia factory and
often contained residues of asbestos, Bill Hindle. who worked as
a fitter, recolled that the bags carried the initicls EGNEP which
refeired to the Penge amosite or brown asbestos mine in South
Africa. There were also bags from Wittenoom, which contained
crocidolite or blue asbestos. * Bill Hindle himself died from mes-
othelioma in December 1984.

The prospect of regular work attracted Aboriginal men from as
far away as Brisbane and Cherbourg. The only other work avail-
able at that time was on cattle stations but station work is sea-
sonal whereos the mine ran the whole year round. The mine also
gave the men access to skilled industrial work, They operated
jack hammers, and werked as mill hands, powder monkeys, and
as drivers, They did repair work on the machinery and they laid
the benches in the quarry. Aboriginal men built the new mill that
was opened in 19588, Apart from the manager and the fiftter, no
European stayed for any length of time.

Baryulgil was a company town run by one of Austratia’s largest
corporations, yet houses at The Square were built by the miners
and their families. During the 1950s, a typical house consisted of
one large room with a bed, a table and a lamp. The walls were
fashicned from flattened kerosene tins and the floors were made
from ants’ nests which were crushed and wetted to form @ rock
hard surface.  There was no electricity or running water, and no
sewerage. The women would wash recycled asbestos bags and
make them into floor coverings and bedspreads.:” Bags were
also used to keep out the wind and rain, In the late 1950s fami-
lies at The Square purchased second-hand cement sheets from
Grafton and the housing was gradually improved, There was no
medical care and for many years a local woman, Mrs Lucy Da-
ley, acted as a midwife.

Water was a problemn at Baryulgil as the creek would alterna-
tively fliood or run dry. Most washing was done af the creek. and
the women woulkd spend a whole day heating up water over an
open fire.*- There were no cars until the early 1960s. The dirt road
to Grafton was at times unpassable, thereby further isclating the
community. The general store at The Square was run by Yulgilbar
station and there was a mail delivery each week. Bush tucker
was amajor part of the dief. Men and women trapped echidnas,
possums, goannas, and kangaroos. They also caught fish and tur-

tles in the Clarence River.

Linda Walker was born at The Square in 1935, Her father was one
of the first men to work on the mine. As a child Linda played in
the mill and she recalls that the dust was so thick she couldn’t see



more than a few feet.” The wages were low and life was hard,
Linda's parents built their own house at The Square with timber
from the bush. But the community had more freedom than did
Aboriginals who lived on the nearby reserves of Mulli Mulli and
Tabulum. Linda used to roam everywhere and in some ways she
had an idvllic childhood. The people got on well with the graziers
who let the children dive for turtles in the river, Linda left schoot at
14 to help her mother with housework. The major threat to fami-
lies came from the NSW government policy of forcibly removing
children. Mothers warned their children to hide in the bush when-
ever the Aboriginal Protection Board fruck came. - Linda Wallk-
er's cousin, Pauline Gordon, was on the street in Grafton with her
brothers when she was taken by the Board. The boys were sent
to Kingela Boys Home, near Kempsey, and the girls were shipped
200 miles away to the Cootamundra Girls Home. Some parents
never saw thelr children again.”

THE DUST

The methods of mining asbestos have varied over time ond place
- from quarries to deep shafts. However, the dim of processing fi-
bre is always the same, namely to preserve the mineral’s physical
properties. For that reason asbestos is milled dry and the proc-
ess creates dust. Asbestos mines in Southern Africa, Canada and
Australia were always hazardous. Dr Peter Eimes, the consuttant
physician with Turner & Newdall, lamented in 1987:

By the nature of their operations mine and ming mill opera-
tors find it harder than the user industries to meet agreed in-
fernational standards and consequentty are af risk from the
envircnimenal icobies

The most hazardous jobs ot Thetford (Canada), Wittenocom (West-
ern Aushdlic), Penge (South Afiica), Shabanie (Zimbabwe) and
Baryulgil (NSW), were in the bagging rooms.™

The Baryulgil mill was always dusty. There was no mechanical
ventilation in the Cld Mil. which operated until 1958. As the
former manager, Jerry Burke, told the 1983-94 inquiry: *“When you
watked in it was impossible to see anywhere. Even the opera-
tor standing beside you was practically invisible'.” An Aboriginal
miner named Bill Harrington recalled that after each day’s work:
Your skin was still white. You would wash it off and you would go
like that ofterwards and you would be a black fella walking along
with @ big white streak’.~ " There were no showers and the men
washed in the creek. According Bill Hindle, the New Mill was in-
tended to produce better quality fibre. But when the mill opened
production levels were increased so that many of the problems
found in the original plant were reproduced. Little attention was
paid to containing dusty areas or sealing off frouble spots,” Apart
from the dust, the work was made difficult by the heat and noise.
When Jerry Burke compilained to head office he was told that
because the mine had ¢ short life, management was unwilling to
spend the necessary $70-80,000 on a dust extraction system.” At
no time did James Hardie issue a warning to the miners about the
hazard. Jerry Burke first learned of the danger in 1974 by read-
ing The New Yorker magazine.” Linda Walker's father had not
heard the word “asbestosis’. According to her, none of the miners
had.’

The Square was less than a mile from the mill and the prevailing
wind blew dust and fibre over the town, covering the gullies and
the creek banks in white powder. According to Jerry Burke:

The mil generated a lot of dust, you could see it in the sun of
an afternoon the dust gong out fowards the north west This

took it over my house and then over towords The Square and
all towards Yulgloar stotion area

Rodney MacBeth, an organiser with the Australian Workers Un-
ion (AW, who first visited the ming in 1974, remembers that the
town was coverad in o white shroud. 'The dust even on still days
emanated from the treatment works and settled on everyone
and everything in the vicinity, . MacBeth knew nothing about
asbestos disease. When guestioned at the 1983-84 Inquiry as to
whether he worried about the dust MacBeth replied:

Yes, to a certain extent, but when you cpproached the cloce
on 4 still day there was always a haze atout. To be quite can-
did the same thing applied to cement works -

Everyone in the community was at risk. The miners returned home
at the end of each day with their clothes covered in filbre. Be-
fore washing, the women used to beat the clothes on a tree.
There was alse contamination from the mill waste. The district has
a high rainfall and the ground tends to become soggy. To ab-
sorb the water, faiings were spread about The Square several
fimes a year.56 Tailings were used around the houses to level the
ground and encourage the growth of grass. The dump adjacent
to the mine was o playground for the children, and tailings were
used at the School as jump pits.” The waste was transported in
the company truck, a practice that continued until 1977, A study
conducted a year after the mine closed found heavy pollution
at The Square. According to the report: “There is no doubt that
the residents of Baryulgil are currently being exposed to highly
undesirable levels of astestos dust’.”

James Hardie had a reputation at Baryulgil as a bad employer.
There was no trade union presence until the late 1960s when most
of the miners joined the AWU. Rodney MacBeth would occasion-
aliy visit the mine to secure enrolments and mediate disputes with
management.- Wages ot Baryulgil came under the Metalliferous
Miners (Open Quarry) Award and although the quarry was over
100-feet deep. according to MacBeth the company never paid
‘depth money’. Neil Walker, who worked as foreman, did not
receive the above-award payment to which he was entifled.”
Both Neil Walker and Cyril Mundine, who worked atf the mine for
many years, were sacked for taking long service leave.’

Warwick Sinclair, a former claims officer with the AWU, recalled a
problem at the mine in 1962, An AWU officer had come across
an Akoriginal community living in harsh conditions. The miners
were being underpaid and they were afraid fo jein the union. The
AWLU decided 10 take action on the miners” behalf even though
they were not union members. Sinclair visited the James Hardie
head office in Sydney and after some consultation the company
sent the AWU a cheque for $300, which was back pay for 30 men
for 12 months. Although the underpayment had been going on
for far longer. it was not possible to seek compensation for more
than a one-year pericd. Sinclair never forgot the heat, the dust
and the ‘indescribable poverty” he saw af Baryulgil.

During the 1983-84 Inquiry James Hardie emphasised its role as
a good employer. Daspite the mine’s lack of profitability it per-
severed with Baryulgil in order to preserve jobs for the Aboriginal
workforce,  There were in fact other reasons why the company
kept the mine open. Because it operated Baryulgil, James Har-
die was entitled fo a seat on Taniff Board inquiries into the asbes-
tos industry. That allowed the company to resist the imposition
of duties on imported Canadian and South African fibre upon
which its factories relied, while enjoying the protection of a 25 per
cent tariff barrier on imported asbestos products, ™ In 1954 James
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Hardie's major competitor, the Colonial Sugar Refinery (CSR) insti-
gated a Tariff Board inguiry into asbestos imports. CSR was keen
o find a local market for the fibre from its Wittenoom mine and
it proposed a 40 per cent protective tariff on imported fibre, As
the dominant local manufacturer, James Hardie was CSR’s most
likely customer, and it hoped to force Hardie to buy its crocidol-
ite. James Hardie’s managing director, John Adamsecn, told the
inquiry that overheads were high and in the case of asbestos ce-
ment sheets raw materials amounted to 65 per cent of the costs
of production. In 1954 James Hardie imported 26,000 tons of
fibre costing £2.09 million. The imposition of the tarff demanded
by CSR would have cost Hardie £693.000 a year. ™ James Hardie
won the case and continued to import cheap fibre from South
Africa and Canada,

THE STATE

Various government departments, most notably the NSW Depart-
ment of Mines, shared responsibility for Baryulgil. Until 1964 there
was No asbestos legislation in NSW. As a result, Baryulgil fell under
The Mines Inspection Act, 1902. That act required Inspectors to
notify owners of any hazard and specify the measures necessary
for its remedy. The legistation refers to the provision of exhaust
ventilation and respirators, the vacuum cleaning of workroom
surfaces, the use of wet brushes in sweeping floors and benches,
and the instruction of workers on occupational safety. There is
alkso reference to showers, tockers and lunch rooms. The code
allowed for the periodic testing of work areas and regular medi-
cal examinations.  The NSW asbestos regulations of 1964 set a
statutory limit for dust of five million parts per cubic foot, With the
infroduction of the membrane filter method in January 1973, the
standard was changed from dust particles to fibre numbers and
from that date the limit was set at four milion fitbres per milliitre.
in March 1978 the standard was lowered to two million fibres per
milllitre.” Whatever the system of measurement, visible dust al-
ways signified a hazard.

In all, Department of Mines officers made some 90 visits to Bary-
ulgil in the period from 1948 until 1979. While their reports contain
ample evidence of a serious hazard, the mine was never closed
and there were no protests from the Department about condi-
tiens. From 1970 the Division of Occupational Heaith within the
NSW Department of Health, carried out dust and fibre counts at
the request of the Mines Inspectorate. The final government au-
fhority to share responsibility for Baryulgil was the State Poliution
Centrol Commission. The Commission, which was established in
the early 1970s, played a passive role. For example, it issued the
ming a licence in April 1977 without its officers ever having visited
the mine.”

James Hardie is a large company and there was a formal chain
of command between head office and Asbestos Mines Pty Ltd.
The local manager reported directly to the technical director
and decisions about work conditions were made in Sydney. Day
to day decisions were the responsibility of Frank Page who was a
member of the boards of Asbestos Mines Pty Ltd and James Har-
die. Page paid frequent visits to Baryulgil.  Hems involving capital
expenditure were discussed at board level. Such decisions were
also discussed with the Industrial Hygiene Section and the Envi-
ronmental Control Committee,  James Hardie had its own indus-
trial hygiene unit at Camellia which menitored dust levels af the
company’s factories and issued directives to branch managers,
including the manager at Baryulgil. From the late 1960s, samples
of dust from the mine were sent fo Camellia, where they were
examined by the senior technical officers, Mr J. Winters and Dr
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S.F. McCullagh. The annual X-ray program initiated in that period
was co-ordinated by Dr McCullagh. From the early 19705 there
wdas close consultation between the company. the Mines Inspec-
torate, and the NSW Health Commission. By the company’s own
admission, it always led government autherities in the adoption
and use of sampling technigues. ~ In that sense James Hardie
resembiled its major British and US counterparts,

The Department of Mines always ook a conciliatory attitude to-
ward conditions at Baryulgil. Its annual report for 1946 refers to
the mill. which was supposedly ‘being redesigned and particular
aftention is to be paid to the suppression of dust’. It also men-
fions ‘new dust tfrunking throughout the mill’ and to ‘new huts for
mine workers that are in the course of construction’.”* No such
work was ever carried out. Inspections conducted in 1948 and
1952 found high dust counts yet the Mines Inspectorate fook no
action. ~ Aninspection report from March 1960 refers to the bag-
ging section as dirty and the inspector commented on the ab-
sence of respirators. - Again, no action was taken. Aninspection
in August 1972 revedled a sericus dust problem. The report not-
ed: *All areas except those outside the plant show fibre counts
above the statutary 4 fibres per cubic centimetre’.  No notice
was issued. The same failure followed an inspection in October
1973 when an officer reported:

The exhaust at the top of the mill confinues to emit o constant
strearn of dust like a dry waod fre the use of nessiar bags
makes handling of the product o large source of dust

The Department of Mines’ failure to regulate Baryulgil is not dif-
ficult to explain. The mine was small and Isolated and before
the opening of Barraba in 1970 it was the only asbestos mine in
NSW. ~ Its workforce was Aboriginal and there was no frade un-
ion presence. The Department had little expertise in dealing with
such aworkplace and it was hampered by o lack of frained staff.
The Mines Inspectorate also lacked political will. James Hardie
was a powerful company with major government contracts. It
is likely that the Department of Mines did not want conflict over
such a small operation and so it placed its faith in James Hardie
to remedy any hazard.

Whatever the Inspectorate’s intentions, the regulatory process
was cofrupted. The mill was always slowed down and the area
watered whenever inspectors were due.’ - Rebert Marshall, Chief
Inspector of Mines, told the 1983-84 Inquiry that it was normal to
forewarn the manager of impending visits in order to maintain
good relations with Hardie; 'If we adopt the policy that nobody
is to be notified, it is going to create a foew hassles’. he said.” Dr
Francis, from the Department of Health, recalled:

In the fest we did in 1972 when | was there it was obovious that
the place had been washed down. The mill, for instance, was
wel The ground was wet There was no secret made of it IFwas
guite obvious that it had been hosed dowrn. ™~

According To James Hardie, the clean ups were simply a malter
of efiquette, or 'good housekeeping’. At amine, just as In a sub-
urban home, it is usual to clean up before the arrival of visitors.:

DISEASE, DEATH AND DENIAL

In pursuing legal action against employers the victims of asbestos
disease face various obstacles in proving the cause and extent of
their disability. - Asbastosis is a particularly Insidious disease which
is difficult to diagnose and whose symptoms are often masked by
secondary infections such as bronchitis. The general poor health
of the Baryulgil community has further obscured the extent of oc-



cupational disease. The health status of Aboeriginal people inrural
NSW was the subject of a repart released during the 1983-84 In-
quiry. it gives the life expectancy at birth for an Aboriginal male
as 48.1 years, and between 55 and 57 years for awoman,” Those
figures mean that many miners would have died of other causes
before asbestos disease becams visible.

James Hardie has always maintained that miners were never ex-
posed to a serious hazard, and that there has been no asbestos
disease at Baryulgil. Any ilness at The Squars, it has claimed, is
simply characteristic of Aboriginal communities. ™ Yet the Bary-
ulgil people were living on traditional land largely independesnt
of outside interference, and there was employrnent. One would
expect their health to be supetior to that of other Aboriginal com-
munities. Asbestosis is usually associated with at least ten years
exposure, yet there is evidence of disease at the mine four years
after it cpened. An X-ray report on a miner named Preece in 1949
found fibrosis.” In 1952 a radiclogy report on ancther miner, Harry
Mundine, by Dr Pooks from Grafton Hospital, returned the same
result.” There have also been many premature deaths at Bary-
ulgil. Cyril Mundine. who worked as a Jackhammer operator from
1944 until 1966, died in 1969 at 46 years of age. Mundine had
been cerified with asbestosis by the Dust Diseases Board and at
the time of his death he was receiving a disability pension. There
was no autopsy and his death cerfificate gives heart disease as
the cause of death. " The same ambiguities are found in the case
of Andrew Donnelly who died in June 1977. Initially the cause of
death was given as lobar pneumoenia.” A post mortem by Dr K.
Murray found asbestosis but cited accelerated hypertension and
viral pneumonia as the cause of death.” A second report, by Dr
R.J. Grobius of the Graffon Base Hospital, gives asbestosis as the
primary cause of death and refers specifically to gross disease. -

There is plenty of anecdotal evidence of disease at The Square.
Jerry Burke and his family lived close to the mill. Burke died from
cancer as did both his sons.” Linda Walker had seven brothers,
six of whom worked on the mine. They did heavy labour but they
all died in their 40s and early 50s. They goft terribly thin and in Lin-
da Walker's words ‘they fell away to nothing’. ~ Linda's sister, who
lived at The Square, died at 46 in the same way. Neil Walker spent
the last nine years of his life on a disabllity pension, Four months
before his death Neil Walker was re-assessed by the Board af
a time when, according to Linda, ‘his lungs were gone’.” The
Board said he may or may not have asbestosis and he was as-
sessed at 30 per cent disability, In the final months of his life he
could not walk, he could not sleep and he could not breathe. He
wdis 65 when he died. Among the miners only Cyril Mundine, Nell
Walker and Ken Gordon received the dust pension. It is with some
justification that the Dust Diseases Board in Sydney. which makes
such decisions, is viewed by the Baryulgil people as hostile.

Baryulgil is a close knit community where people have a strong
sense of belonging. They also have close connections with other
Aboriginal communities in the region. Linda Watker has lost most
of her family fo the mine: her krothers, her father, her husband,
her sister-in-law, and her sister. Those deaths have created a
fracture between generations. The children have lost important
adults in a community where oral traditions and continuity are
paramount, In Linda Walker's words; "Those deaths broke the chil-
dren’s hearts’.

Following Andrew Donnelly's death, a study of Baryulgil was
caried out by the NSW Health Commission. ™ Of the ex-min-
ers in the cohort nearly half had worked for less than one year,
while a further third had worked for a period of between one

and thres years. Most of the long-term employees were dead.
The researchers discovered no major differences between the
ex-miners and a confrol group in terms of lung function. How-
ever, an analysis of the 67 identified deaths among former miners
revedled that 11 per cent were attibuted to respiratory disease.
The most significant findings were the chronic bronchitis among
70 per cent of former miners and the evidence of X-ray abnor-
malities including pleural thickening. fibrosis and pleural plagues.
all markers of early asbestosis.

Further research conducted in 1981 and 1982 by the Depart-
ment of Health illustrates the problems in studying subjects drawn
from a population suffering from such poor general health.” The
1983-84 Inquiry noted that the largely negative findings in the sur-
veys must be viewed in context, Asbestos disease does not mani-
fest readily in such a small population and is rendered sven loss
visible against the backdrop of the appalling health typical of
Aboriginal communities. ™ The Banjalang’s ethical and religious
opposition to autopsies have been a further barrier o knowledge
as has the pattern of migrant labour. There was a high turnover
at the mine and over a 30-year period hundreds of men worked
at Baryulgil. According te Linda Walker many of them died young
but because they moved away from The Square asbestos was
never recognised as a cause of deati.

Over the past two decadss, legal discovery in British and US
courts has revealed that companies like Johns-Manville and
Turner & Newall knew far more dabout asbestosis and mesothe-
tioma than did regulatory authorities.” They knew which parts of
the production process were most hazardous, and they had ac-
cess to employees’ medical records, however imperfect these
records were. They diso commissioned medical research. Unlike
the US corporations, James Hardie has mostly settled claims out
of court, thereby aveiding a spill of documents into the public
domain. There have been fwo exceptions: there are the docu-
rments (the Hardie Papers) fended at the Baryulgil Inquiry in 1983
by the formear mine manager Jerry Burke, and there is a cache of
in-house correspondence which was tabled during the case of
Fred Swift which came before the Dust Diseases Board in Sydney
in 1991,

The Hardie Papers consist of correspondence between the mine
manager and head office in Sydney covering the period from
1960 to 1974, Those papers show a persistent hazard at the mill,
no improvement in conditions over time, and no commitment
by management fo occupational safety. In February 1960 E.G.
Reeve from the Sydney office visited Baryulgil. Reeve was dis-
turbed by the practice of spilling fibre onto the mili fioor before
it was bagged. He made various suggestions on containing the
dust. including enclosure and the infroduction of exhaust fans.
During his visit Reeve took photographs in the mill but as he ex-
plained in a memo o head office: ‘The photographic processor
did not print the sock cleaning operation presumably regarding
it as blank film. which it most cerainly is not.  The dust in the
milt was so dense it rendered the image invisible. A mine man-
ager’s report from Aptil 1969 noted the poor work conditions.
In a summary of the dust readings the author comments: “The
only place (within the mill) which is approaching the tolerable
limit is the bagging area. which is 213 mpce’. - Much the same
conditions are described in a survey carried out between 14
and 17 September 1970. Mr J. Winters, the company’s Industrial
Hygiene Engineer, noted that the readings af several stations wete
"atarmingly high’.



The company’s senior medical officer, Dr McCullagh, frequently
questioned the reliability of dust counts taken by the Health De-
partment.  In one memo Dr McCullagh mentions a survey car-
fied out by Department officers in 1969 which showed only one
site above the statutory limit, He noted that the company’s own
readings faken at that time found only two out of the nine sta-
tions satisfactory. The same distegard for Mines Inspectorate data
occurs in a report from February 1974. On that occasion, Dr Me-
Cullagh remarked: ‘The asbestos in the air levels recorded by the
Inspector are lower than may correctly be found at the Mine'.
The Inspectorate’s error was due, he belisved, 1o a lack of com-
petence in using the monitoring equipment, and because during
the fests six inches of rain had fallen.

In-house correspondence from February 1972 until October 1976
contains repeated warnings about the dust hazard, One report
dated 7 February 1972 presents the following description of the
mine:

Nevertheless, billowing clouds of ffibre) could be seen com-
ng from fhis bullding (the mill) and hr Burke tells rme he has,
on occasions seen such clouds from distances of several
miles

In a second report, written in the same month, Dr McCullagh
comments that despite 'some marginal improverments there is [it-
tle change and the picture remains gloomy’.’

The Swilt Papers reveal that like Johns-Manville and Turner & Ne-
wall. James Hardie made an effort to keep dabreast of medical
discovery. A company review dated October 1957 presents an
accurate summary of knowledge about asbestosis with citations
from the UK literature dating back to 1900.  The review also
containg reference to research linking asbestos and lung can-
cer. In July 1966 Dr McCullagh gave a presentation to a manag-
er's conference. He told his audience that asbestos can cause
asbestosis, mescthelioma and lung cancer and he explained
that there was no freatment for asbestosis and that even slight
exposure to asbestos can cause cancer.  As dust levels in the
industry were reduced McCullagh expected asbestos workers to
live longer resulting in more cases of cancer. Asbestos was also
suspected of being an environmental hazard for those living near
factories. The main danger, he explained, was to those resident
within half a mile of the source of exposure, which was the dis-
tance between the Baryulgit mill and The Square. McCullagh
warned his colleagues that in future James Hardie could face
litigation over the sifing of its factories.

James Hardie issued the first in a series of bulleting to senior man-
agement on asbestos and health in June 1971, Most of the mate-
rial originated from the Asbestosis Research Council in the UK, of
which James Hardie was an associate member. There was also
literature from Johns Manville, and the Swiss conglomerate, Eter-
nit SA. In addition, a James Hardie medical officer kept a watch
on three dozen of $0 journals published in the Pacific rim.

CONCLUSION

James Hardie's involvernent af Baryulgil came to an end in Sep-
tember 1976 when it sold the mine. The buyer, Woodsrest, which
at that time was mining ot Barraba, was interested not in Baryulgil
but in extending its existing leases.  Although it worked Bary-
ulgil for onty a brief period after its closure, Woodsreef graded
the site, fenced the pif, removed the old mill and planted frees
on the tailings dumps. In addition, between 1977 and 1983 state
and federal authorities spent $3.5 million at Baryulgil to solve the
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problems left behind by Asbestos Mines Pty Lid.  In 1983 most
of the people at The Square agreed to move to a new site at
Mulabugimah, some three miles away along a dirt road. The
Square s impoertant fo community identity and in the past 20
years most of the psople have moved back to The Square. The
general store is used by both communities and it provides a mait
service and a bank. Those older members who remain are not
concerned about the tailings. They have lived with that problem
all their lives.

The 1983-84 Inquiry concluded that James Hardie should have
been aware of the dangers of asbestos long before Baryulgil
opened and therefore was under an obligation 1o protect the
workforce, It also noted that its own deliberations had been hin-
dered by James Hardie's refusal to provide medical records or fo
allow Dr McCullagh to give evidence.  Yet the Inquiry offered
little criticism of the company and its final report offers lithle in-
sight into James Hardie’s behaviour, There is no explanation as
to why Hardie, which was so well informed about asbestos dis-
ease, chose 1o keep that knowledge tfo itself. The testimony of
miners was given little credence even though the Hardie Papars,
which the Committee accepted as authentic, substantiated
their claims about work conditions and envirenmental poflu-
tion. - Perhaps most surprising of all, the Inquiry found no evi-
dence of widespread occupational disease. Some of the Ban-
jalang elders, including Nell Walker, spoke at the 1983-84 Inguiry
but the community never saw the final report and they were told
nothing about the outcome. it was as if the Inguiry had never
taken place. In any case over the past 20 years men and women
have continued to die prematurely. During the current negotia-
tions over a sefflement, Jomes Hardie has resisted the inclusion
of Baryulgil, forcing the community to initicte legal action in the
NSW High Court in March 2006.

Work condifions at Baryulgit were similar to those faced by black
workers on South African mines under apartheid. That in turn
raises the question as to how that could have happened in Aus-
tfralia? James Hardie was under no pressure from trade unions or
regulatory authorities to improve conditions. The miners were Ab-
original, they had low expectations of emplovers and they were
largely isclated from the cutside world. In truth, their choice was
to work for Asbesios Mings Pty Lid. or to work for no one. There
were in addition technical factors peculiar to asbestos which
meant that the mills were particularly hazardous. Turner & Ne-
wdll and Johns-Manwville found that it was impossible to eliminate
dust and still produce fibre cheaply, As a result, around a third of
mill workers in South Africa, Swaziland, Zirmbabwe, and Canada
developed asbestosis. ~ Baryulgil was different in the sense that
the mine’s output and profitability were of little importance to
the operating company, Its reason for running the mine was to
maintain a seat on the Tariff Board rather than to produce large
quantities of chrysotile. ~ Consequently, there were none of the
pressures on production which contributed so much to the dust
in South Africa and Canada. The Hardie Papers show that the
threat of occupational disease ot Baryulgil was simply irrelevant
to the company’s senior management,

The 1983-84 Inquiry rejected claims by the Aboriginal Legal Serv-
ice that James Hardie had exploited an Aboriginal community.
In its final report it noted that conditions at Wittenoom, the site
of Australia’s worst occupational disaster, where the workforce
was white, were just as bad.  Presumably James Hardie would
have treated white miners in the same way and therefore the
issue of race is not relevant to lakour relations at Baryulgil. ~
That conclusion is contradicted by the Swift Papers which suggest



that conditions af the mine were worse than at James Hardie's
metropolitan factories. But it is consistent with the company ethos
identified by the Jackson report.

In the US, Canada and South Africa, the asbestos industry bene-
fited from poor and sometimes complicit state regulation. That in
turn has led to the delayed costs of mining and manufacture be-
ing shiffred onto the public purse. In South Afiica, the post-apart-
heid state is still paying for the reclamation of mines in the North-
ern Cape abandoned by British cormnpanies in the 1980s. Until the
Jackson Inquiry, the same happened in Australia. What changed
the aftitude of federal and state governments, which for so long
had shared an inferest in James Hardie's success. has been the
spiralling costs of litigation from publicly owned power stations,
railways, and shipyards. On a small scale Baryulgil presents a win-
dow into the conduct of James Hardie. It also presents a micro-
cosm of the global industry. It is a story of low wages, hazardous
work conditions, and environmental pollution. It is also a story
of the protracted struggle by a community for recognition of ifts
losses.
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The impact of crocidolite exposure on the health of former Witte-
noom miners and millers (largely male} has been well docu-
mented. Less is known about the health outcomes of the 2,968
women and girls who lived (¥ = 2,552) and worked (N = 416} in
the blue asbestos milling and mining town of Wittencom between
1943 and 1992, Quantitative exposure measurements were derived
from dust studies undertaken over the lifetime of the mine and
mill and the township. Incident cancers were obtained from the
Western Australian (WA) Cancer Registry and the National Can-
cer Clearing House. Standardized incidence ratios (SIRS) com-
pared Wittenoom females with the WA female population. Expo-
sure-response relationships were examined using a matched case-
control study design, There were {47) mesothelioma and (55) lung
cancer cases among the 437 cancers in the Wittenoom females
over the period 1960-2005. When compared to the WA female
population, Wittenoom women and girls had higher rates of meso-
thelioma and possibly lung cancer. Mesothelioma incidence rates
are increasing with the incidence rate of 193 per 100,000 in the pe-
riod 2000-2005 being more than double that for the period 1995-
1999 at 84 per 100,000. A significant exposure-response relation-
ship was present for mesothelioma, but not for lung cancer. Forty
years after the ashbestos mine and mill at Wittenoom were closed,
there is a high toll from cancer ameng the former female residents
of the town and company workers.

© 2007 Wiley-Liss, Inc.
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The impact of crocidolite exposure on the morbidity and mor-
tality of Wittenoom miners and millers (largely male) has been
well documented.'™ Less is known about the impact of exposure
on the health outcomes of the 3000 women and girls of Witte-
noom, who comprised both asbestos workers employed by the
Australian Blue Asbestos Company (ABA), and former residents
of the Wittenoom township who were not employed directly in the
asbestos industry.

This study was undertaken because the results from studies of
men may not be pertinent or adequate to characterize the risks
among women” and cannot be used to examine breast or gyneco-
logical cancers. There may also be gender specific responses to
asbestos exposure that cannot be determined solely through an ex-
amination of male subjects. Susceptibility and carcinogenicity
may vary by gender, and the nature and patterns of exposure to
asbestos may differ by gender.

Most studies examining asbestos exposure and health outcomes
among women have confined their attention to mortality rather
than incidence of cancer, This appears most appropriate where the
period between diagnosis and death is relatively short (e.g., for
malignant mesothelioma and lung cancer), but it relies on the ac-
curacy of cause of death recording and codmg which may be con-
tentious for malignant mesothelioma>® These earlier studies
examining cancer mortality and asbestos exposure in women have
reported excess mortality from lung and respiratory cancers and
malignant mesothelioma. There has been some suggestion that
ovarian cancers are_also in excess but smail numbers make inter-
pretation difficult.*”®

The women of Wittenoom have been exposed virtually exclu-
sively to crocidolite and quantitative measures of their exposure
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have been estimated.>'® Their sources of asbestos exposure were
mixed; for some it was occupational whilst for others it was from
the general environment and from the domestic environment in
the home where ABA workers’ clothes were wom and washed.
The aim of this article is to examine cancer incidence in the Witte-
noom women, compare it with the Western Australian (WA)
female population and examine exposure—response relationships.

Methods

Blue ashestos was mined and milled at Wittenoom Gorge in
WA between 1936 and 1966. The township of Wittenoom that
developed as a result of the mine and mill was initially located in
Wittenoom Gorge, 1 km away from the mine. As the population
grew it moved to the flats of the Fortescue River, 12 km from the
mine. The State and Commonwealth governments actively
encouraged the development of Wittenoom and provided housing
for the ABA workers and their families and various township
amenities. Asbestos tailings from the mine were distributed
throughout the town: on roads and footpaths; on the school play-
grounds; on the racecourse; and in the back yards of houses, in an
attempt to minimize the fine, irritating dust rising from the red
sandy dirt. 1L A chronology of events that occurred at Wittenoom
is presented in Table L.

Wittenoom workers” and residents’ cohorts

Establishment of the Wittenoom workers cohort has been
described elsewhere.” Briefly, crocidolite (blue asbestos) was
mined at Wittenoom gorge in Western Australia from 1936 until
1966. From 1943 until 1966 the principal leases were mined by a
single company, ABA which employed over 6,000 people, mostly
for short periods (Table 1). From employment records a cohort of
6,493 males and 416 (6%) female employees was assembled.
Most of the women who worked for ABA were not employed in
mining or milling roles but instead worked in the company shop,
hotel or offices. When the cohort was assembled vital status was
determined for 73.29% of men and 58.0% of the women.? To the
end of 2000 the vital status of more than 70% of the former female
workers was known.

A further cohort were identified from vanous sources as being
former residents of the township of Wittenoom.' ¥ These sources
and the percent of people they identified 1ncluded state primary
school records (22%), admission and out-patient records from the
Wittenoom hospital and General Practitioner (20%), the State
Electoral Roll for the Pilbara district (12%) questionnaires sent to
ABA workers (149%), participants of a cancer prevention program
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TABLE I - CHRONOLOGY OF EVENTS' THAT OCCURRED AT
WITTENOOM. WESTERN AUSTRALIA

1936 Crocidolite deposits “discovered” and pick and
shovel mining commenced

1043 Australian blue asbestos company takes over the
principal leases

1946 Establishment of residential settlement in
Wittenoom Gorge about lkm downstream
from mine and mill

1946 Mines Department Inspector describes dust
conditions at Wittenoom as ‘terrific’.

1947 Building of town of Wittencom at entrance to
Wittenoom Gorge commenced, 10km from the
mine and mill

1948 Tows named Wittenoom

1948-1951 Dust levels in mine and mill regularly monitored
at 6-8 times “safe” levels.

1950 Wittenoom has 150 houses and population over
500

1958 New “cleaner” mill opens

1960 First mesothelioma case in a worker diagnosed.

1965 Local council warned that the tonnes of asbestos
tailings spread around the town could even
threaten tourists,

1966 October 8th. Air sampling program using long
running thermal precipitators commenced

1966 December st. Asbestos mine and mill closes due
to economic reasons. Population declines
rapidly

1978 November. Government decides to phase out the
town of Wittenoom.

1980-83 Some Wiltenoom streels closed

1985 December 18th. primary school closed

1992 Government owned buildings demolished and

new residents discouraged

I'Faken from the repori of the select committee appointed Lo inquire
info Wittenocom,

and associated publicity (18%) and Wittenoom birth records (4%).
Other sources included records from the Catholic Church, Witte-
noom burial records, employment lists from the school, hotel,
police, hospital and banks and information from the Asbestos Dis-
eases Society of WA (10%). In total 18,553 records collected
identifying 3,097 individuals not employed directly in asbestos
mining or milling, "™

Between 1991 and 1993 a questionnaire was sent to all former
residents of Wittenoom traced to an address in Australia, (¥ =
3,244, 64%), excepting those participating in a cancer prevention
program (N = 641, 13%) from whom the information had already
been collected. Date, length and place of residence at Wittenoom,
occupation at Wittenoom, whether lived with an asbestos worker
or washed the clothes of an asbestos worker, smoking and past
medical history as well as demographic information were
collected.'*

After consideration of guestionnaire responses, 438 subjects
were deleted from the cohort for various reasons; denied living at
Wittenoom (# = 209, 48%), no details on date of birth or duration
of residence (n = 132, 35%), lived at Wittenoom for less than one
month (n = 22, 5%) and 55 (12%) were duplicate records.'*
Therefore follow up status at the end of 1993 was; 2,173 (47%)
returned a questionnaire, 641 (14%) were participating in the can-
cer prevention program, 51 (1%) had permanently departed Aus-
tralia, 460 (10%) were dead, 7835 (17%) had not returned a ques-
tionnaire and 549 (11%) were not traced since leaving Witte-
noom."® Where the person remained untraced, did not return a
questionnaire or was dead: if they were related to an ABA worker,
then dates and place of residence were assumed identical to that of
the worker. For those unrelated to an ABA worker, dates of resi-
dence were assumed the same as other family members provided
that at least one family member had known exposure. Dates of res-
idence were taken as those found on the various sources used to
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establish the cohort for all other residents.'%'* If the untraced per-
son was the wife of an ABA worker and known to have lived with
that worker, it was assumed that she washed his clothes. The resi-
dents” cohort was considered complete when comparisons
between it and the population of Wittenoom recorded at various
census dates showed a close correspondence. '

Work has continued on the development of this cohort since
1993 and this accounts for differences in the number of persons
from those earlier arficles.'®!"'* To the end of 2000 there were
2,608 women and 2,160 men in the residents’ cohort.'

Women ar Wittenoom

All women from both cohorts without a death record and who
were not atiending a cancer prevention program,'® were searched
for in the Marriage Register of WA to determine if a change of
surname had occurred. The search commenced from the year they
were last known to be alive, Death certificates of any spouse or
birth, death and marsiage certificates of children were sought in an
attempt to obtain the wife or mothers’ maiden name and date of
birth. From this search we obtained authenticating information for
235 women previously thought lost to follow up. Fifty six women
were excluded because they had insufficient identifying informa-
tion (missing date of birth, first name etc.) or because they were
residents of Wittenoom for less than | month. The final cohort
therefore consisted of 2,968 women, 416 former workers and
2,552 former residents. As at the end of 2004, 556 women (19%)
were known to have died, 1,762 women (59%) were alive and 650
women (22%) were lost to follow up. Women were defined as lost
to follow up if there was no “passive” contact since 1999 and
were not known to be dead.

Case ascertainment

The cohort was linked to the WA Cancer Regisiry, to ascertain
incident cancers from 1982 to December 2005. Cancers diagnosed
prior to 1982 were obtained by manually searching printed com-
puter records of all cancer registrations in Western Australia, as
well as searches of hospital admission records at all public hospi-
tals in Australia. Pathologists throughout Australia, and other state
and territory cancer registries were sent a list of names of all
cohort members and asked to search their records. Completeness
of cancer registrations for cancers other than mesothelioma before
1982 are not known, therefore any cancer diagnosed before that
period have not been included in the standardized incidence ratios
(SIR). The WA Mesothelioma Registry, which assesses and veri-
fies all cases of mesothelioma diagnosed in the state, was estab-
lished in 1960." Incident cancers among women not resident in
Western Australia were obtained from each state and territory
Cancer Registry vig the National Cancer Clearing House, and
mesothetiomas from the Australian Mesothelioma Register.'* The
end of follow-up for each state and territory were: Tasmania and
South Australia 1999, Northern Territory 1998, Australian Capital
Territory, New South Wales, Queensland and Victoria 1997. Can-
cers were defined using the Internationat Classification of Diseases
for Oncology, Second Edition.’® Data quality checks at the cancer
registries are carried out on a continual basis. Pathology coding
and entry inte database are checked by a second staff member and
unusual cases are flagged according to the International Agency
for Research into Cancer (IARC’s) “Check” routine. Complete-
ness is ascertained by comparisons with reports from radiation
oncologists and the hospital morbidity data system which records
all details of hospitalizations in Western Australia.'”

Asbestos exposure assessment

The Mines Department of WA conducted several surveys of
dust exposure in the mine and mill between 1948 and 1958 meas-
uring the concentration of particles per cubic centimetre using a
koniometer. The upper measurement limmit of 1,000 cm” was often
exceeded and anecdotal evidence suggests that operations were
shut down before the inspections commenced. In 1966 airborne
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respirable fibers greater than 5 um in length were measured in var-
ious workplaces in the mine and mill and in the township using a
Casella long running thermal precipitator.zo Fiber concentrations
ranged from 100 fibers/ml (f/ml) in the bagging rcom down to
20 f/ml in the mine. Cumulative exposure, measured in fiber per
ml years (f/ml years) was calculated for each former worker by
adding over all his/her jobs the product of his/her estimated fiber
concentration (derived from the dust surveys) and the length of
time spent in each job obtained from the ABA employment
records.” An additional amount was added to the workers expo-
sures reflecting 16 more hours of residential exposure each day
and a two day weekend.

In 1973 personal and fixed positional monitors were used to
measure environmental levels in the township, and further meas-
urements were taken in 1977, 1978, 1980, 1984, 1986 and 1992.'°
On the basis of these measures residents not working directly with
asbestos were assigned an intensity of exposure of 1.0 fiber/ml of
air from 1943 to 1957, when an old “dirty” mill was in operation
and then 0.5 f/ml from1958 when a new “cleaner” mill was in
operation until the time that the mine and mill closed in 1966
(Table 1™ Interpolation between the dust surveys that used
personal monitors allocated exposures from 0.5 f/m! in 1966 to
0.010 f/ml in 1992, The township of Wittenoom did not close with
the demise of the asbestos mining and milling operation, although
there was a significant decline in population at that time.'* The
State Government began to phase out the town from 1992 when
some of the buildings were demolished and services withdrawn
(Table I). Duration of residence was combined with intensity of
exposure to provide a measure of cumulative exposure. Cumula-
tive exposure was then adjusted by a factor of 4.2 to account for
24 hr a day/7 day a week exposure.

The estimates of asbestos exposure have been validated internally
by showing an agreement with lung fiber burdens®’ and a clear rela-
tionship between all asbestos-related diseases and exposure-
response has been repeatedly documented in the cohort.??*
Further, Hodgson and Darnton, found Wittenoom exposures com-
parable to exposures reported from other crocidolite mines and
found the Wittenoom lung cancer risk (Ry) similar to that from
other studies. >

Analysis

SIRs were calculated as the ratio of the observed cancers to
expecied cancers, Confidence intervals were assessed by treating
the observed number as a Poisson count with expectation equal to
the particular expected numbers. Expected numbers of cancers
were estimated using age-period and cause-specific cancer inci-
dence rates for the WA female population in 5-year periods from
1982 1o 2003, provided by the WA Cancer Registry. For the pe-
riod 1960-1981 the population age and cause-specific cancer inci-
dence rates for 1982-1984 were used to estimate expected cancers
as period specific rates were unavailable. However, cancers diag-
nosed before 1982 were not included in the SIR analysis. For mes-
otheliomas, age and period specific incidence rates for the WA
female population in 5-year periods from 1982 to 2005 were used
to calculate expected numbers. For mesctheliomas diagnosed prior
to 1982 incidence rates for the period 19821984 were used as pe-
riod specific rates for 1960-1981 were not available. The usual
method for calculatinzg expected cancers would lead to a probable
overestimate of risk,” given that 22% of the women were lost to
follow up and the nearly complete ascertainment of cancers in
WA. Therefore two methods were used to derive expected can-
cers, to show minimum and maximum estimates of effect, based
on differing censoring dates. The first method assumed that all
women who were not diagnosed with a cancer, not known to be
dead, and not known to have migrated were cancer-free at the end
of 2004 or, if they were residents of other Australian states, they
were cancer-free until their respective state end of follow up date.
This methed tends to overestimate the person-years at risk and
therefore provides a minimum estimate for SIR. The second
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method censored women at their date last known to be alive if
they were not diagnosed with a cancer, known to be dead or to
have migrated. This method tends to underestimate person-years
at risk and therefore gives an upper estimate of SIR. Both methods
censored women at age 85 years if they were not known to have a
cancer or to have died before that age.

Mesothelioma incidence rates were derived in 10 year periods
of time since first exposed to asbestos at Wittenoom and for each
5 year period from 1960, by dividing the number of cases in each
time span by the number of person-years at risk in the same time
span and multiplied by 100,000, Those women who were lost to
follow up were censored at their date last known to be alive.

Exposure-response relationships were examined using a nested
case-control analysis. Cases were those women who were diagnosed
with a cancer of interest during the study period. Controls were all
those not known to have been diagnosed with the same cancer by
the year of diagnosis of the case and who were the same age as the
case, in 5 year age-bands. Conditional logistic regression related
ashestos exposure to cancer outcome. Asbestos exposure measure-
ments were not normally distributed and so were transformed to
their natural log. All analysis was undertaken using Stata 9.0.2

Resulis
Descriptive results

There were 437 incident cancers in 387 women among the Wit-
tenoom women between 1960 and 2005. The age at diagnosis
ranged from 10 to 99 years. Cases were more likely to arrive at
Wittenoom in the 1940s and 1950s, and to be older on their arrival
than women who remained cancer free although their duration of
residence at Wittenoom was not significantly different (Table ).
There was no difference in duration of residence between case and
non cases, with 45% of all women staying at Wiitenoom for |
year or less. Twenty percent of former ABA workers compared
with 12% of former residents were diagnosed with a cancer. Cases
had a greater intensity of asbestos exposure and a greater cumula-
tive asbestos exposure than non cases. Among former residents,
72% of those who developed a subsequent cancer had lived with
an ABA asbestos miner or miller and 35% reported washing the
clothes of an ABA worker.

Incidence of cancers

For all the Wittenoom women combined, the incidence of all
cancers, malignant mesothelioma and cancer of the lung, trachea
and bronchus was greater than that of the WA female population
irrespective of which censoring method was used. The incidence
of mesothelioma was 55-77 times greater than in the WA female
population. The SIR for lung cancer was 80% to 254% higher
among the Wittenoom women than women in the WA population.
Regarding smoking status we have limited information. For all
women we have smoking information on 59% of whom 33%
reported being an ever smoker. Applying Axelson’s adjustment to
our data, we estimate that the lung cancer SIR is raised by a factor
between 1.4 and 1.5 due to confounding by smoking.”' ? There-
fore SIR1 might be adjusted down to 1.27 and SIR2 to 1.75.

Among former ABA workers, the incidence of mesothelioma
and lung cancer was raised, compared to the WA female popula-
tion irrespective of which censoring method was used (Table 1I).
Thirty four percent of former workers responded to a smoking
guestionnaire in 1979 and 49% reported currently smoking.
Applying Axelson’s adjustment attenuated the lung cancer SIRI
to 1.92 and SIR2 to 2.91. All cancers incidence was increased
with SIR2 (women lost to follow up censored at their date last
known to be alive). Cervical cancer was between 90% and 250%
greater among the Wittenoom workers than the WA female popu-
lation, but this was not statistically significant.

Among former residents of Wittenoom, the incidence of meso-
thelioma, all cancers and lung cancer was increased compared to
the WA female population, irrespective of which censoring
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TABLE II - RESIDENTIAL AND ASBESTOS EXPOSURE CHARACTERISTICS FOR ALL CANCER CASES AND NON
CASES AMONG THE WOMEN FROM WITTENCOM

Cases ¥ (%) Non cases N (%) Total ¥ (%) p-value

Year of arrival at Wittenoom

1940s 22(6) a5 117 (4)

1950s 184 (48) 907 (35) 1,091 (37)

19603 147 (38) 1,174 (45) 1,321 {45)

1970s 31(8) 382(1%) 413 (14)

Unknown 3¢ 23D 26(1)

Total 387 2,581 2,968 p < 0.001
Age of arrival at Wittenoom

<15 years 65 (17 1,157 (45) 1,222 (41)

15-39 years 252 (65) 1,164 (45) 1,416 (48)

40+ years 6717 227 (9 294 (10)

Unknown 3 33D 36 ()

Total 387 2,581 2,968 » < 0001
Duration of residence at Wittenoom

Less than 1 year 175 (45) 1,162 (45) 1,337 (45)

One to less than 3 years 91 (24) 691 (27) 782 (26)

Three to less than § years 62(16) 390 (15) 452 (15)

Five years or more 57(15) 310 (12) 367(12)

Unknown 2(1) 28 30(1)

Total 387 2,581 2,968 p=0328
Average Intensity of exposure (f/ml)

<2 f/ml 128 (33) 908 (36) 1,036 (35)

2 to <5 ffml 235(61) 1,572 (62) 1,807 (62)

5to <10 ffml 15 ) 56 (2) 66 (2)

10+ ffml 6(2) 21 (1) 27 (1)

Unknown LX) 29 (1) 32(1)

Total 387 2,581 2,938 p = 0049
Cumulative exposure (ffml years)

<10 t/ml years 302 (78) 2,161 (85) 2,463 (84)

14 to <20 f/ml years 54 (14) 257 (1) KIREERD

20 to <30 f/ml years 16 (4) 82(3) 98 (3}

30 to <40 f/ml years 8(2) 3 39(1)

40+ f/ml years 5(1) 21(1) 26(1)

Unknown 2 29 (1) 3L

Total 387 2,581 2,968 p = 0.038
Worker 84 (20) 332 (80) 416
Resident 303 (12) 2,249 (88) 2,552 p < 0.001
Live with ABA worker! 219 (72) 1,462 (65) 1,681 (66) p=0012
Wash clothes of ABA worker! 107 (35) 459 (20) 566 (22) p < 0.001

'Residents only.

method was used. Sixty percent of residents returned a question-
naire in the early 1990s and 26% reported currently smoking com-
pared with 20% in the Australian female population. Applying
Axelson’s adjustment attenuated the lung cancer SIR1 to 1.11 and
SIR2 to 1.47. Former workers had greater SIRs for mesothelioma,
all cancers, lung cancer and cervical cancer compared to former
residents.

Including those cancers (n = 36) diagnosed before 1982
and their respective person years at risk attenuated SIRI to
0.96 (95%CI 0.87-1.06) and SIR2 to 1.23 (95%CI [.11-1.36)
for all cancers among all women (not shown). For the period
1960 ro 1981 SIR1 was 2.50 (95%CI 0.52-7.31) and SIR2
was 3.25 (95%CI 0.67-9.53) for ovarian cancer among former
workers. Inclusion of these 3 ovarian cases increased the
SIR1 for the period 1960-2005 to 1.25 (95%CI 0.34-3.21)
and SIR2 to 1.73 (95%CI 0.47-4.43). All other SIRs were
moderately attenuated if the cases diagnosed prior to 1982
were included.

Mesothelioma among workers and residents

There were 47 cases of malignant mesothelioma (46 pleural).
The first woman was diagnosed in 1975 and the youngest was
aged 27.5 years. The proportion of ABA workers with mesothe-
lioma was double that of the residents 2.5% and 1% respec-
tively, There was no significant difference in age of arrival (p =
0.069) at Wittenoom for workers or residents with mesothelioma
or year of arrival (p = (.168) although residents stayed longer at

Wittenoom than workers (p = 0.003). The median length of stay
at Wittenoom for a worker was 2.2 years (IQR 0.4-2.7 years)
and for a resident 4.5 years (IQR1.9-6.4 years). Therefore cu-
mulative asbestos exposure was significantly greater for resi-
dents, median 12.2 f/fml years (IQR 5.8-25.5 f/ml years), than
for workers, median 3.6 f/ml years (IQR 0.89-14.4 f/ml years).
There was no difference in the intensity of asbestos cxposure
between workers and residents who subsequently developed
mesothelioma; workers median 1.7 fiml (IQR 1.4-5,3 f/ml),
compared with residents 3.1 f/ml (IQR 2.1-4.2 f/ml), although
the exposure measurements were derived differently for workers
and residents (see Methods section). The first case of mesothe-
lioma in a worker occurred 24.6 years after first exposure o
asbestos (e.g., arrival date in Wittenoom) and 23.5 years in a
resident. The time from first exposure to onset of mesothelioma
ranged from 23.5 years to 51.8 years (median 38 years) and was
shorter for workers (median 34.1 years, IQR 27.1-38.6 years)
than for residents (median 39.3 years, IQR 34,7-43.6 years).
The incidence rate among workers appears to have peaked 30—
39 years after first exposure, with only one case oceurring more
than 40 years after first exposure. For residents, peak incidence
occurred after more than 40 years. At every 5-year period after
1975 the incidence rate was greater among workers than resi-
dents and appears to be still increasing (Table V). The doubling
of mesothelioma cases among the former workers and their
shorter latency period compared to the residents suggests that
the asbestos exposure measurement for the workers underesti-
mates their actual exposure.
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TABLE I - STANDARDIZED INCIDENCE RATIOS FOR MALIGNANT MESOTHELIOMA, 1960-2005 AND SPECIFIC CANCERS
19822005 FOR WOMEN FROM WITTENOOM

Cancer ICDO-2 Code Observed SIR1' (95%CTy SIR2’ ($5%CL)
All women
1960-2005
Malignant mesothelioma C384, C481-C482 and M9050-M9055 47 53.9(41.1-74.4) 77.0(56.6-102.5)
1982-2005
All cancers® CO00-C809 330 .12 (1.00-1.25) 1,51 {1.35-1.68)
Lung, trachea and bronchus C330-C349 45 1.84 (1.30-2.38) 2.54(1.80-3.29)
Breast cancer C500-C509 82 0.89 (0.69-1.08) 1.19¢0.93-1.44)
QOvarian cancer C560-C569 10 0.98 (0.37-1.58) 1.30(0.49-2.11)
Cervical cancer C530-C539 12 113 (0.49-1.77) 1.42{0.62-2.23)
Corpus uterine cancer C540-C549 12 0.98 (0.43-1.54) 1.32(0.58-2.07)
Colorectal cancer C180-C209 3l 0.76 (0.49-1.03) 1.03 (0.67-1.40)
Workers
1960-2005
Malignant mesothelioma (384, C481-C482 and M9050-M9055 11 64.7 (32.3-116) 82.7(41.3-148)
1982-2005
All cancers’ CO000-C809 65 1.13(0.86-141) 1.66(1.26-2.06)
Lung, trachea and bronchus 330-C349 15 2.88 (1.42-4.34) 436 (2.15-6.5T)
Breast cancer C500-C509 13 0.78 (0.36-1.21) 111 (0.51-1.72)
QOvarian cancer C560-C569 1 0.50 (0.01-2.80) 0.72 (0.02-4.01)
Cervical cancer C530-C539 3 1.89(0.39-5.51) 2.48(0.51-7.25)
Corpus uterine cancer C540-C549 2 0.81{0.10-2.91) 1.16 {0.14-4.20)
Colorectal cancer C180-C209 6 0.68{0.14-1.22) 1.04{0.21-1.87)
Residents
1960-2005
Malignant mesothelioma (384, C481-C482 and M9050-M9055 36 52.9(37.1-13.3) 76.6 (53.6-106)
1982-2005
All cancers? C000-CB809 265 1.12 (0.99-1.26) 1.48 (1.30-1.66)
Lung, trachea and bronchus C330-C349 30 1,57 (1.01-2.13) 209 (1.34-2.84)
Breast cancer C500-C509 69 0.91 (0.69-1.12) £.21(0.92-1.49)
Ovarian cancer C560-C569 9 111 (©.39-1.84) 1.43 (0.50-2.37)
Cervical cancer C530-C539 9 1.01 (0.35-1.67) 1.23 (0.43-2.03)
Corpus uterine cancer C540-C549 11 1.13 (0.46-1.79) 1.48 (0.61-2.36)
Colorectal cancer C180-C209 25 0.78 (0.48-1.09) 1.03 (0.63-1.44)

"Minimum estimate—censored at earliest of: date of diagnosis, date of death, date aged 85 or end-date of state cancer registry follow-
up.~“Maximum estimate censored at earliest of: date of diagnosis, date of death, date aged 85 or date last known 1o be alive.~>For women with

multiple cancers—first diagnosed cancer included in this analysis.

TABLE 1V ~ MALIGNANT MESOTHELIOMA INCIDENCE RATE, PER 100,000 PERSON YEARS, BY TIME SINCE FIRST EXPOSURE AND
YEAR OF DIAGNOSIS AMONG THE WITTENOOM WOMEN

. . All women
Time since first exposure

Workers Residents

Observed Rate' (95% C1) Observed Rate' (95% CI) Observed Rate' (95% CI)
0-19 years 0 — - - 0 —
20-29 years 8 35 (17-70) 3 101 (33-314) 5 25 (10-60)
30-39 years 20 119 (77-184) 7 304 (145-637) 13 90 (52-154)
40+ years 19 256 (163-401) 1 114 (16-811) 18 275(173-436)
Year of diagnosis
1960-64 0 - 0 - 0 -
1965-69 0 - 0 - 0 -
1970-74 0 - 0 - 0 -
1975-79 3 24 (8-76) 1 63 (9-4406) 2 19 (5-75)
198084 4 33(12-88) 1 67 (9-476) 3 28 (9-88)
1985-89 5 42 (18-102) l 71 (10-503) 4 39 (14-103)
1990-94 14 127 (75-214) 3 236 (76-733) 11 112 (62-203)
1995-99 8 84 (42-168) 1 94 (13-664) 7 83 (39-174)
2000-05 13 193 (112-332) 4 542 (203-1444) 9 150 (78-288)

"Women lost 1o follow up censored at date last known to be alive.

Exposure-response relationshtips—mesothelioma

The risk of mesothelioma stratified by worker and resident sta-
tus and adjusted for time since first exposure and age, significantly
increased with every unit increase in log fiber ml years (Table V).
Among workers the risk increased 75% for every unit of log fiber
ml year. For residents this risk was almost 3-fold. The risk of mes-
othelioma increased for those residents who had washed the
clothes of OR = 1.68 (95%CI 0.66-4.29) or lived with OR = 2.57
(95%CI (.96-6.84) an ABA asbestos worker (not shown).

Lung cancer

The risk of lung cancer stratified by worker and resident status
and adjusted for time since first exposure and age increased with
every unit of log fiber per ml years but not significantly. The risk
of lung cancer increased in those residents who lived with an
ABA worker OR = 2.61 (95%CI 1.09-6.21), There was no
increase in lung cancer risk among those residents who washed
the clothes of an ABA worker, OR = 1.14 (95%CI 0.46-2.81).
Among the 55 cases of lung cancer, 14 were adenocarcinomas, 7
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TABLE V - EXPOSURE-RESPONSE RELATIONSHIPS' BETWEEN CUMULATIVE ASBESTOS EXPOSURE. MALIGNANT MESOTHELIOMA ADJUSTED FOR AGE
AND TIME SINCE FIRST EXPOSURE, AMONG ALL WITTENOOM WOMEN AND AMONG FORMER WORKERS AND RESIDENTS SEPARATELY

Cancer Odds ratio {95%CI) p-value
Workers
Malignant mescthelioma 11 cases min 8 max 297 non cases
Cumulative exposure log(f/ml years) 177 (1.11-2.82) 0.017
Cancer of the lung, trachea and bronchus 18 cases, min 3 max 283 non cases
Cunulative exposure log{f/ml years) 1.25 (0.90-1.72) 0.179
Residents
Malignant mesothelioma 36 cases, min 68 max 1,632 non cases
Cumulative exposure log(f/ml years) 273 (1.94-3.82) <0.001
Cancer of the tung, trachea and bronchus 37 cases, min 44 max 1,563 non cases
Cumulative exposure log{f/ml years) 1.09 {0.83-1.41) 0.543

'Women lost to follow up censored at date last known to be alive,

squamous cell, 8 small cell, 3 large cell and 23 of indeterminate
histology. Further examination of the adenocarcinomas showed
non-significant increases in risk with quantitative measures of the
intensity of asbestos exposure (ffml) (OR = 1.87 95%CI (.82-
4.27), the length of stay at Wittenoom (OR = 1.07 95%CI 0.98-
1.16) and cumulative asbestos exposure {f/ml years) (OR = 1.43
95%C10.92-2,24).

Discussion

The impact of exposure to blue asbestos on subsequent cancer
incidence among the women of Wittenoom has been cruel,
Although the time they spent at Wittenoom was short {median
.3 years), 47 women developed mesothelioma, A further 55
women developed lung cancer. Compared with the Western Aus-
tralian female population Wittenoom women had a significantly
greater risk of all cancers, cancer of the lung, trachea and bronchus
and malignant mescthelioma. There was a significant exposure-
response relationship between asbestos exposure and malignant
mesothelioma for both workers and residents, but not lung cancer,

Our findings are similar to those few studies that have looked at
mortality cutcomes in women exposed to asbestos in their work-
place. World War II gas mask workers subsequently experienced
high mortality from mesothelioma SMR = 111.5(95%CI 84.5—
146.8), respiratory cancer SMR = 2.3(95%C] 1.7-3.5) and carci-
nomatosis SMR = 3.2 (95%CI 1.8-5.4) with evidence of
increased risk related to duration of exposure.® Ameng a second
group of gas mask workers in England rates were also increased
for cancer of the lung and pleura SMR = 2,41 (95%CI 1.35-3.97)
and cancer of the ovary SMR = 2.75 (95%CI 1.42-4.81) but
exposure-response was not examined.

Following up women for decades in cohort studies is difficult
given the frequency of name changes due to marriage and divorce
and the extent of migration over the period. This may explain why
women are often excluded from such studies. We have used vari-
ous means to reduce our loss to follow up; tracing on the electoral
roll (voting is compulsory in Australia and the electoral roll is
carefully maintained), searches of the electronic white pages and
participation in a cancer prevention program.'® Italian migrants to
Wittenoom who subsequently returned to Italy have been traced in
Ttaly, but this information relates to male ABA workers and not
their wives or families.”® Twenty two percent of the women were
defined as lost to follow up most from the time they left Witte-
noom. The difficulty maintaining follow-up on this cohort of
women may have led to an underestimation of asbestos-related
cancers.

We had only limited information on tobacco smoking in this
cohart. Applying Axelson’s adjustment to our lung cancer SIRs
reduced them substantially, although for women workers the risk
remains double that of the WA female population, and for all
women there remains a 27% increase (SIR1). The high rates of
smoking in this cohort probably increased the risk for all cancers

reported among this cohort and Inay have increased cervical can-
cers among the women workers.™ There is no association between
tobacco smoking and risk of mesothelioma.

The mesothelioma incidence rates reported here (35-256 per
100,000 person-years) are among the highest for any known group
of women in the world. The age standardized rate for Western
Australian women in 2005 was 0.9 per 100,000.%' Internationally;
among women with environmental exposure in Casale Monferrato
Ttaly, incidence rates of 2.3 to 5.1 per 100,000 person years were
reported,” whilst Camus er al., report incidence rates among
women of 67.5 per million person years and 13.7 per million per-
son years in the Thetford and Asbestos areas respectively of Que
bec for the period 1970-1989.% For the period 19791990 inci-
dence rates of 95.9 per million were reported for women in Man-
ville, NJ, where the largest asbestos manufacturing plant in the
United States was located.™ The women at Wittenoom were
exposed exclusively to crocidolite, whereas the women in the
other studies were exposed primarily to chrysotile. The mesothe-
lioma mortality rate reported for former gas mask workers
exposed mostly to crocidolite for the period 1956-2003 was 138.1
per 100,000 person years,® which is between the rates for the Wit-
tenoom residents and the ABA workers.

The duration of residence at Wittenoom was short, Forty five per-
cent of women, cases ard non cases, lived at Wittenoom for one
year or less. Among those women who subsequently developed mes-
othelioma the median duration of residence was also short at 2 vears
for workers and 4.5 years for residents. Other asbestos exposed
cohorts with high mortality and cancer incidence report short dura-
tions of exposure. Among female British gas mask workers (exposed
to Wittenoom crocidolite) the duration of employment was also
short with 35% employed for less than 6 months and only 4%
employed for longer than 5 years. Those women employed for less
than 1 year showed excess mortaligy from all cancers and lung can-
cers after 33 years of follow up.” Similarly for the largely male
ABA miners and millers the median perlod of employment was brief
at 4 months.” Possibly a short but intense exposure to asbestos is
mere harmful than a longer exposure at lower levels,

This study found that ABA workers had a greater risk for meso-
thelioma and lung cancer than residents. The exposure measure-
ments for the workers and residents were derived using different
types of data, which could be one possible explanation for this dif-
ference. Workers exposures were derived from one comprehensive
dust survey undertaken in 1966 across various workplaces in the
mine and mill.?® Exposures for the residents were derived from
this comprehensive survey as well as various other studies using
personal monitors over the 1970s to early 1990s.'"" Using results
from several surveys may have increased the possibility of mea-
surement error, although it may also have allowed better measure-
ment as more data was available therefore reducing the amount of
interpolation between surveys over time, Any measurement error
or bias is likely to be non differential because it would not differ
with disease status. The effect of nondifferential misclassification
on the asbestos mesothelioma association would be to attenuate
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the results towards the null and so lessen the association shown
for residents. Further, the asbestos exposure measurements are
likely to be underestimates for the former worker women. Most
women did not work in the mine or mill or even on the site of
operations, but in the town. However where women did work
onsite they tended to work in the company office which was
located downstream of the mill. The fly screens in the office were
covered with dust and words could be written on the fibers that
settled on the desks. Women workers in the office were not offered
the annual chest X-rays given to the miners and millers.*® Those
who worked in the hotel and shop in town were also in contact
with workers who would eater in their dusty work clothes.

Examination of differences between women workers and resi-
dents with mesothelioma revealed no difference in their age of ar-
rival at Wittenoom or their year of arrival. Residents tended to
live at Wittenoom longer than workers. Of the 11 workers who
developed mesothelioma only one had worked in the bagging
room in the mill (probably the “dirtiest” area in terms of asbestos
dust in Wittenoom); three others had worked as Clerks in the
office, which was located within 1 km of the mill*; one worked in
the Cantecn (also near the mill), two worked as assistants in the
Company shop in the town and two worked as Barmaids in the
hotel in the town, and we had missing information for 3 women.
Worker women may have also have had domestic exposure (most
women were at Wittenoom with their husbands who were
employed in the mine or mill) and we know that some of the
Witienoom women laundered other ABA workers’ clothes (in an
attempt to increase savings so that they could leave Wittenoom
sooner) Unfortunately we do not have information on domestic
exposure among the female workers. We found that domestic ex-
posure tended to increase the risk of malignant mesothelioma in
the residents, Chrysotile samples taken from inside asbestos min-
ers and millers houses in the United States ranged from a mini-
mum of 50-100 ng/m® to a maximum between 2,000-5,000 ng/

m”.** If these figures are comparable to the levels that Wittencom
women were exposed to in their houses then it is not a large addi-
tion to their already high exposure obtained from their workplaces.
A study among the wives of asbestos cement factory workers in
Casale Monferrato, Italy reported excess mortality from cancer of
the pleura SMR = 792 (95% CI 216-2,029) following only
domestic exposure to asbestos. These women lived in the same
township as the asbestos cement factory (as did the Wittenoom
women) so it was not possible to disentangle the environmental
and domestic exposure.3 A meta-analysis examining domestic
and neighborhood exposure and risk of pleural mesothelioma
reported an RR = 8.1 (95%Cl 5.3-12) for domestic eiigosure and
RR = 7.0 (95%CI 4.7-11) for neighborhood exposure.

This study found that the latency period between exposure to
blue asbestos at Wittenoom and diagnosis with malignant meso-
thelioma in ABA workers was significantly shorter than that in
residents and consequently the incidence rate in workers appears
to have peaked ecarlier than that of the residents. We have earlier
reported a longer latency period in Wlttenoom residents compared
with the Wittenoom (male) ABA workers.'® A longer latency pe-
riod is consistent with the lower risk for mesothelioma experi-
enced by residents compared to workers. Metintas et al., suggested
that a higher level of asbestos exposure {as seen in occupational
vs. environmental exposure) might shorten the latency time.

The pattern of mesothelioma incidence rates in the women
workers shows a different pattern to that of the male ABA work-
ers. The first cases of mesothelioma among the male workers
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developed between 10 and [9 years since first exposure whereas
for women this was 20-29 years. On the other hand the mortality
rate for the male workers was of a similar magnitude to the wom-
en’s incidence rate for the periods 20-29 years (115 per 100,000
person years) and 30—’%9 years (281 per 100,000 person years)
since first exposure.” The rate among male workers continued to
increase in those with 40 or more years since first exposure (364
per 100,000 person years) unlike the women worker’s rate that
appeared to decline among those with 40 or more years since first
exposure. The median estimated cumulative exposure for male
workers was 6.0 f/ml years compared to 0.5 f /m! years for women
workers.? More than 600 women residents came to Wittenoom af-
ter the mine and mill closed in December 1966, when exposure
levels in the town were substantially lower than during the period
of mill operation. To the end of 2005 one of these has subse-
quently developed mesothelioma.

To date there have been no new cases of mesothelioma among
women who were first exposed to asbestos more than 52 years
ago. However this may change as the median time since first expo-
sure was 37 years (IQR 2744 years) as at the end of 2005. Among
female gas mask workers exposed to crocidolite no cases of meso-
thelioma arose more than 51 years after first exposure® and among
workers at the “Eternit” asbestos cement factor in Casale Monfer-
rato, Italy latency of more than 50 years was associated with a
reduced risk of mesothelioma, although with wide confidence
intervals.” Similarly Musk et al., found that the rate of mesothe-
lioma appeared to level off after 50 years since first exposure in
the Wittenoom workers.** This suggests that crocidolite fibers are
eventually cleared from the mesothellum Fiber clearance has
been observed experiments in rats* and baboons.®® Lung fiber
counts at postmortern from female gas mask workers exposed to a
high intensity but relatively short duration of croc1dol1te asbestos
suggested a rate of clearance of ~15% per annum.*® Longer follow
up is necessary to determine if the risk of mesothelioma levels off
or even decreases after 50 years have passed since first exposed to
asbestos.

Conclusion

Forty years after the asbestos mine and mill at Wittenoom
were closed, there is a high toll from cancer among the former
female residents of the town and company workers. Women
from Wittenoom have greater rates of mesothelioma and possi-
bly lung cancer than women in the WA population. There was a
significant exposure-response relationship with mesothelioma
but not lung cancer. There were fewer cases of mesothelioma, a
different pattern of incidence, lower asbestos exposure and no
demonstrated exposure-response relationship for lung cancer
among the women compared to the largely male ABA workers.
These differences emphasize the importance of examining
women and men separately, where possible, with regards to dis-
ease outcome.
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Abstract

Introduction: The asbestos and ovarian cancer relationship is not well understood because of small
numbers of women exposed to asbestos, small numbers of cases, and misclassification of peritoneal
mesothelioma as ovarian cancer on death certificates. The aim of this study was to conduct a meta-analysis
to quantify the evidence that exposure to asbestos causes ovarian cancer.

Methods: Fourteen cohort and two case-control studies were identified in Medline searches from 1950 to
2008.

Results: Statistically significant excess mortality was reported in four of the cohort studies, all of which
determined their outcomes from the death certificate. Peritoneal mesotheliomas were reported in these
studies, two of which reexamined pathology specimens and reported disease misclassification. Exposure-
response relationships were inconsistent. When all studies were included in a meta-analysis, the effect size
was 1.75 (95% CI, 1.45-2.10) attenuating to 1.29 (95% CI, 0.97-1.73) in studies with confirmed ovarian cancers.

Conclusion: Taken without further analysis, women thought to have ovarian cancer had an increased rate
in the meta-analysis if reporting having been exposed to asbestos, compared with reference populations. This
result may have occurred because of disease misclassification. Cancer Epidemiol Biomarkers Prev; 20(7); 1287-95.

©2011 AACR.

Introduction

In May 2009, a summary of the latest assessment of
the carcinogenicity of metals, arsenic, dusts, and fibers,
including asbestos, by the International Agency for
Research on Cancer (IARC) Monograph Working Group
was published in the Lancet Oncology (1). For the first
time, the evidence was declared sufficient in humans to
show that exposure to asbestos causes cancer of the
ovary (2). It has long been established that exposure to
asbestos causes malignant mesothelioma, lung cancer,
and asbestosis, as well as "benign” pleural diseases.
Excess mortality and incidence of these diseases have
been shown repeatedly in cohorls of occupationally
exposed workers and exposure-response relationships
have shown a clear causal relationship between asbestos
exposure and mesothelioma, lung cancer, and asbesto-
sis {3-6). However, the JARC Monograph that will
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provide the evidence supporting the sufficient ruling
has not yet been published.

The relationship between asbestos exposure and ovar-
ian cancer is not as well understood as that of asbestos-
related diseases. Studies that have examined this issue
have been limited for 2 major reasons:

1. Small numbers of cases: Much fewer women than men
have been exposed to asbestos, particularly in more
heavily exposed occupational settings where relative
risks are higher. Although many women in epidemio-
logic studies have had domestic or general environ-
mental exposure, levels have generally been relatively
low so that risks and hence numbers of cases have also
been few.

2. Difficulties with diagnosis: Many of the studies that
have reported excess ovarian cancer following asbestos
exposure have examined mortality from ovarian cancer
and used the cause of death as listed on the death
certificate to identify the cause of death. The accuracy
of death certificates has been questioned repeatedly (7,
8), particularly in relation to asbestos-related diseases
(9). Pleural mesothelioma has a long history of being
misreported on death certificates most often being
labeled as lung or pleural cancer (3, 9, 10). It has been
particularly difficult to distingtrish between peritoneal
mesothelioma and ovarian serous carcinoma. Immu-
nohistochemical tests to aid in the identification of
mesothelioma cells became available in 1996-1997 with
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the introduction of calretinin. Since then, many new
markers have become available, although none of these
are useful in distinguishing between ovarian cancer
and peritoneal mesothelioma. A recent review of the
value of immunohistochemistry to distinguish between
peritoneal mesothelioma and serous carcinoma of the
ovary and peritoneum concluded that "positive serous
carcinoma markers, by and large, have a higher degree
of sensitivity and specificity in assisting in discriminat-
ing between these malignancies than the positive
mesothelioma markers. From a practical point of view,
a combination of MOC-31 (or BER-EP4), estrogen
receptors, and calretinin immunostaining should allow
a clear distinction to be made between epithelioid
peritoneal mesotheliomas and serous carcinomas in
most cases (11)."

Accordingly, peritoneal mesothelioma has often been
listed on the death certificate as stomach, colon, or
ovarian cancer or carcinomatosis (9, 12-14).

However, there are biologically plausible reasons as to
why exposure to asbestos may cause ovarian cancer.
Asbestos fibers have been found in the ovaries of women
who were exposed to asbestos in the Norwegian pulp and
paper industry and also among women whose household
contacts worked with asbestos {15, 16), although possible
sample contamination cannot be ruled out. The mode of
distribution of the fibers through the body following
inhalation is not well understood. The fibers may migrate
across the diaphragm through the peritoneal cavity and
penetrate the ovaries. Animal studies have observed
asbestos fibers within the cytoplasm of epithelial and
interstitial cells within 24 hours after brief inhalation
(17). Once fibers have entered the interstitium, they then
have access to the vascular and lymphatic systems. Fibers
in the lymphatic system can be channeled to the visceral
pleura and subsequently to the pleural cavity. Mechan-
ical irritation leading to fibrosis or to cancer, or "fru-
strated phagocytosis” (where the macrophage is
damaged because it is unable to digest the whole asbestos
fiber because of its length}, thus leading to the production
of hydroxyl radicals and reactive oxygen species that
induce cell injury (18, 19), are 2 mechanisms by which
the fibers may cause cancer once they reach the ovary.
Experiments in which 10 g of tremolite mixed with
400 mL of water was injected intraperitoneally into mice,
hamsters, guinea pigs, and rabbits showed that in 2 of 10
rabbits and 2 of 16 guinea pigs, the abnormality that
developed in the epithelium of the ovary resembled
lesions observed in early human ovarian cancers (20).
"Overall, the available evidence in favor or against any of
these mechanisms leading to the development of lung
cancer and mesothelioma in either animals or humans is
evaluated as weak" (21).

The aims of this study were (1) to review the epide-
miologic studies that have reported effect estimates for
ovarian cancer incidence or mortality in women follow-
ing exposure to asbestos and (2) to conduct a meta-

analysis of those studies to quantify whether that expo-
sure to asbestos causes ovarian cancer.

Methods

Studies were identified through a systematic review of
the literature available on MEDLINE from 1950 to
December 2008. The database was searched using com-
binations of the search terms "women" or "females” or
"girls" and “asbestos” or "fibres" or "dust” or "crocidolite”
or "chrysotile” or "amosite" or "occupational exposure” or
"environmental exposure” or "household exposure” or
"neighbourhcod exposure” or "residential exposure” or
"locational exposure” or "domestic exposure” or "familial
exposure” or "exposure” with one of the following out-
comes "cancer” or "mortality” or "death” or "neoplasms”
or "ovarian cancer.” Any cohort or case-control study that
examined women and asbestos exposure and was pub-
lished in English was included. Studies were also identi-
fied from references listed in published articles. Case
reports were not included.

Summary effect estimates were examined using the
mefan suite of commands in Stata 10.1 (22, 23). Models
that assumed that the study populations were all rela-
tively homogenous (fixed effects) and models that
assumed that the true exposure-related risks in each
study vary randomly (random effects) were examined
and both are reported. All studies described in Table 1
were included in the meta-analysis. Expected deaths
{based on the number of observed deaths and the stan-
dardized mortality ratios (SMR}] and 95% Confidence
Intervals (95% CI) were calculated for the study of Polish
women diagnosed with asbestosis, which did not include
them in their published article (24). Forest plots were
produced automatically as part of the metan suite of
commands in Stata 10.1.

Results

Fourteen cohort (3, 12, 24-34) and 2 case—control (35,
36) studies of women exposed to asbestos in their jobs or
from their general environment and that examined ovar-
ian cancer incidence or mortality as an outcome were
identified from the literature (Table 1). Four of the cohort
studies had been reported on several times over their
years of follow-up: In each case, only the latest report is
shown in the table and included in the meta-analysis (3,
12, 26, 28).

Generally, the number of cases of ovarian cancer
reported in the cohort studies was small, ranging from
1 case [among Polish women diagnosed with asbestosis
(24} and Turin textile workers (29)] to 12 cases reported
among Leyland crocidolite gas mask workers (25). How-
ever, 5,072 cancer cases were reported among the whole
Finnish female working population born between 1906
and 1945 in which exposure to asbestos was determined
from a job exposure matrix (33). The case—control studies
had more cases than the cohort studies: 69 cases reported
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Asbestos Exposure and Ovarian Cancer

some respiratory exposure to asbestos and 18 cases
reported relatives with occupational asbestos exposure
among participants of the Johns Hopkins study. Among
Norwegian pulp and paper mill workers, there were 6
cases who had worked in areas where they were likely to
have been exposed to asbestos.

Statistically significant excess mortality or incidence of
cancer of the ovary was reported in 4 of the 14 cohort
studies. SMRs and their 95% Cls in these 4 studies ranged
from 4.77 (95% CI, 2.18-9.06) to 2.27 (95% CI, 1.04-4.32;
refs. 3, 25, 27, 28). Of the remaining 10 cohort studies, 5
reported a tendency to excess mortality, although SMR
estimates were unstable, ranging from 2.61 (95% ClI, 0.85~
6.09) to 1.42 (95% CI, 0.71-2.54). Women who worked in
asbestos yarn and cloth production in a Polish asbestos
cement products factory had a statistically significant
excess mortality from ovarian cancer [SMR = 3.76 (95%
CI, 1.38-8.18)], although the association was not signifi-
cant over all the female factory workers (12, 25, 26, 30, 34).
Five studies reported ovarian cancer incidence or mor-
tality around the same population as their reference
populations (24, 29, 31-33). Both case—control studies
reported a nonsignificant excess incidence with asbestos
exposure. Women with relatives with occupational asbes-
tos exposure reported a nonsignificant but 3-fold risk of
ovarian cancer, although the overall risk for all women in
that study was close to unity (35, 36).

The type of asbestos to which the women were exposed
was crocidolite (blue asbestos—the most mesotheliogenic
of the asbestos fibers; ref.37) only in 3 cohorts (12, 25, 31),
chrysotile {white asbestos) only in 2 (25, 29), chrysotile
and crocidolite in 5 cohorts (3, 26-28, 32), mixed fibers
including crocidolite in 1 cohort (30), and 4 studies
(including the 2 case—control studies) did not report
the fiber type (24, 34-36). The remaining study of eco-
nomically active Finnish women born between 1906 and
1945 had their probability of asbestos exposure deter-
mined on the basis of their job titles, as reported in the
1970 census and a job exposure matrix (the FINJEM; ref.
38): the types of asbestos were not distinguished,
although anthophyllite was mined and widely used
throughout Finland (39). Four of the studies that reported
a significant excess risk of ovarian cancer reported expo-
sure to crocidolite or chrysotile and crocidolite.

Small numbers of cases or lack of exposure information
inhibited the examination of exposure-response relation-
ships and mortality or incidence of ovarian cancer.
Nevertheless, 3 studies (3, 14, 28) examined SMRs by
category of exposure (low/medium/high), duration of
employment (years), or latency (time between first expo-
sure to asbestos and onset of disease), and 1 examined
ovarian cancer incidence and quantitative asbestos expo-
sure characteristics by using a nested case—control design
and conditional logistic regression (31). Among East
London factory workers, there was a significant overall
excess of ovarian cancers, but when examined by cate-
gory and duration of exposure, the trend was not sig-
nificant (P = 0.18). However, the excess was significant

among women who had "severe" exposure for more than
2 years (3}. A nonstatistically significant exposure trend
with duration of exposure was observed among ltalian
factory workers; 0 cases: <1 year, SMR = 2.4, 1-4 years; 0
cases: 5-9 years, SMR = 2.7, 10-19 years; SMR = 2.8, 20~29
years; and SMR = 2.9, >30 years (28). Exposure-response
relationships were examined in an earlier report of the
Nottingham gas mask workers. Mortality from ovarian
cancer was higher among women exposed for more than
1 year [observed/expected (O/E) 3/0.95] than among
those exposed for less than 1 year (O/E 2/1.13; ref. 14).
Several quantitative measures of asbestos exposure,
including intensity (f/mL), duration of employment or
residence, and time since first exposure, were not asso-
ciated with the incidence of ovarian cancer among the
Wittenoom women (31).

Twelve of the cohort studies listed in Table 1 examined
mortality from ovarian cancer and relied on the cause of
death as listed on the death certificate. In addition, cases
of peritoneal mesothelioma were observed in 8 of these
studies, suggesting that misclassification of peritoneal
mesothelioma as ovarian cancer may have occurred.

Cases of peritoneal mesothelioma were reported in 4 of
the studies that reported a statistically significant excess
mortality from ovarian cancer (3, 25, 27, 28). Two of these
studies attempted to confirm the diagnosis of ovarian
cancer pathologically. Among East London factory work-
€rs, ovarian cancer was confirmed in 2 cases with material
available (from a total of 4 ovarian cancers up to 1968;
ref.13). Two cases listed as carcinomatosis were confirmed
as ovarian cancers, and 1 case listed as ovarian cancer was
determined tobea peritoneal mesothelioma(13). The latest
follow-up to 1980 reported 9 cases of ovarian cancer, but it
is not clear how many of these were confirmed histologi-
cally (3). Among Italian asbestos cement workers, 7 of 9
cases were confirmed as ovarian cancers (28). Three cohort
studies reported a statistically significant excess rate of
ovarian cancer but did not reexamine ovarian cancer
pathology specimens. One of these (Italian women com-
pensated for asbestosis; ref. 27) had more cases of perito-
neal mesothelioma than ovarian cancer, suggesting that
misclassification may have occurred. Among Leyland gas
mask workers exposed to crocidolite, there were 2 cases of
peritoneal mesothelioma and 12 cases of ovarian cancer.
The authors suggested that ovarian cancers might have
been peritoneal mesotheliomas misclassified (25). There
were no reported cases of peritoneal mesothelioma among
Polish asbestos cement products factory workers com-
pared with 8 cases of ovarian cancer (34). Misclassification
of disease is important to the internal validity of these
studies, as with small numbers of cases of ovarian cancer,
any misclassification could overestimate (or underesti-
mate) the reported association with asbestos exposure.

Five studies that did not find a statistically significant
excess rate of ovarian cancer reexamined ovarian cancer
pathology where available. In an earlier report on the
Nottingham crocidolite gas mask workers, of 6 ovarian
cancer deaths, 2 were confirmed as ovarian cancers and 1
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was determined to be a peritoneal mesothelioma. Mate-
rial was not available on the other 3 cases (14). The latest
report of this cohort by McDonald and colleagues could
not further review ovarian cancer pathology as only
cause of death codes were available (12). Among the
Wiltenoom women, specimens from 9 cases of ovarian
cancer were available for reexamination from a total of 16
cases. All 9 cases were confirmed as ovarian cancers (31).
Similarly, all cases of ovarian cancer were confirmed
among Finnish women defined as exposed to asbestos
from a job exposure matrix as well as the 2 case—control
studies {33, 35, 36). :

Confounding and independent risk factors for ovarian
cancer have not been addressed well in most studies,
predominantly because they have been retrospective
studies of occupational cohorts and limited data on
potential confounders were available. Only 3 of the stu-
dies (the 2 case—control studies and the cohort of eco-
nomically active Finnish women) assessed any of the
following variables: age at menarche or menopause, late
first pregnancy and age at first delivery, use of oral
contraceptives, or tubal ligation, all known to be inde-
pendent risk factors for ovarian cancer. Although few
studies have collected data on these other risk factors, this
may not have influenced the findings significantly, as
they are unlikely to be associated with asbestos exposure
and therefore are not likely to confound any association.

Loss to follow-up was a significant problem for 3 stu-
dies; all reporting more than 20% loss to follow-up (3, 31},
with the highest reporting 33% (12). In an attempt to
overcome this loss, one of the studies stopped accruing
person-years at risk for those lost to follow-up from the
date they were last known to be alive, thus underestimat-
ing person-years at risk and overestimating the SMR (31).
Berry and colleagues did notstate how they censored those

lost to follow-up (3), but in an earlier report, Newhouse
and colleagues censored those lost to follow-up on their
last date of employment, so underestimating person years
at risk and thus overestimating the SMR (13). McDonald
and colleagues presented 2 sets of results, 1 for the com-
plete cohart and 1 for a subset with more complete follow-
up. SMRs were slightly larger among the more complete
subset than those for the whole cohort (12). High loss to
follow-up may over- or underestimate the risk of disease
following exposure to asbestos, depending on the type of
censoring method used to account for the loss to follow-up.

The meta-analysis that examined all studies showed a
75% excess risk of ovarian cancer in women who had been
exposed to asbestos (Table 2). The effect size was similar
between the models that assumed no heterogeneity
between the studies (fixed effects) and those that assumed
the exposure-related risks differed randomly between the
studies (random effects). Figure 1 shows the correspond-
ing forest plot for both the fixed- and random-effects
models for ail studies combined. The analyses were
repeated for all cohort studies only and case—control stu-
dies only and similar effects were observed, although the
effect was not statistically significant in the case-control
studies (Table 2). When only those studies that confirmed
their ovarian cancer pathology were included in a meta-
analysis, the effect estimate declined, although remained
statistically significant. The effect declined again and was
not statistically significant when those studies that exam-
ined cancer incidence were included in a meta-analysis.
These 4 studies did not rely on cause of death information
from the death certificates to classify their cases.

A meta-analysis conducted on 9 of the cohort studies
(12, 24, 26-31, 34) that also reported SMRs and 95% Cls (or
provided enough information so that they could be cal-
culated) for mesothelioma gave a fixed-effects size of 70.9

Table 2. Summary statistics for asbestos exposure and incidence or mortaiity from ovarian cancer
Number Number Fixed-effects Random-effects Heterogeneity, Heterogeneity, Heterogeneity,
of studies of cases size (95% Cl) size {95% CI} ¥2 degrees of P
freedom
All studies combined 16 5,240 1.75 17.91 15 0.268
(1.45-2.10) {1.45-2.24)
Cohort studies only 14 5,165 1.76 17.61 13 0.173
(1.45-212)  (1.44-2.33)
Case—control 2 75 1.69 1.69 0.29 1 0.593
studies only (0.76-3.73) {0.76-3.73)
All studies that 7 5,186 1.54 5.72 6 0.455
reviewed {1.22-1.95) (1.22-1.95)
ovarian pathology
Cohort studies that 5 5,102 1.53 1.69 5.38 4 0.251
reviewed ovarian (1.20-1.95) (1.17-2.15)
pathology
Studies that 4 5,158 1.29 1.08 3 0.781
examined cancer (0.97-1.73) 0.97-1.73}
incidence
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BG (95% Cl} % Weight

2.53({1.16-4.80)  6.81

1.80{0.90-3.30) 8.14

1.09(0.13-395) 1.8
477(2.18-9.05) 677
275(1.42-481)  9.23
148(0.48-3.44) 354
227 (104-432)  6.78
261 (0.85-6080)  0.75

1.76 (0.76-3.47) 596

Study Author Year
East London factery workars Berry 2000
Noltingham gas mask workers McDonald 2006
German employees Rosler 1994
Italian wornen compensaled for ashestosis Germani 1689
Leyland gas mask workers Acheson 1982
Blackburn gas mask workers Acheson 1982
ltalian asheslos cemant factory workers Magnani 2007
ltalian asbeslos texliles workers Pira 2005
Polish asbestos cemeni preducts factory Wilczynska 2005
Turin asbeslos texlites factory workers Mamo 2004
Wives of asbestas cement faclory workers Ferrante 2007
Wittencom women Reid 2009

Polish wornen diagnosed with asbastosis Szeszenia-Dabrowska 2002

1.28 (0.02-7.12) 0.40

1.42 (0.71-2.54) 8.46

1.05 {0.43-1.67) 7.48

0.79 {0.02-4.34) 0.47

Population of Finnish female workers Vasama-Neuvonen 1999 1.30 {0.90-1.80) 28.60
Norwegian pulp and paper workars Langseth 2004 2.02(0.72-5.85) 323
Johns Hopkins Hospital patients Rosenblatt 1992 1.30{0.30-3.60) 2.23
Overall {1-s quared = 16.2%, P = 0.268) 1.75 {1.45-2.10) 100.00
I
0.0164 1 60.9

Figure 1. Forest plot of fixed summary effect for ovarlan cancer and asbestos exposure.

(95% CI, 61.4-82.0) and random-effects size of 63.2 (95%
CI, 41.9-95.3; data not shown). Figure 2 shows the rela-
tionship between standardized mortality or incidence
ratios for mesothelioma and ovarian cancer for the 9
cohort studies that examined both mesothelioma and
ovatian cancer included in the mesothelioma meta-ana-
lysis. There is clearly no relationship between the two.
When the exposure is sufficient to have caused mesothe-
lioma, there is no corresponding increased risk in ovarian
cancet.

Discussion

Taken without further analysis, women thought to have
ovarian cancer had an increased rate in the meta-analysis
if reporting having been exposed to asbestos, compared
with reference populations. This result was obtained
when all studies were included in the meta-analysis
and again when only those studies that had reexamined
ovarian cancer pathology were included. Only the meta-
analysis of those studies that reported ovarian cancer
incidence (i.e., those studies that did not rely on cause
of death certification to classify their cases of ovarian
cancer) did not observe a significant excess risk.

In the studies that did not examine ovarian cancer
pathology, or confirmed cases of mesothelioma from a
cancer or mesothelioma registry, misclassification of the
cause of death in some cases is likely to have occurred,

given that misclassification was reported in those studies
that did reexamine cancer pathology specimens. Misclas-
sification may result in an underestimate of peritoneal
mesothelioma and an overestimate of ovarian cancer or
the converse. Among women, peritoneal mesothelioma
may be more likely to be classified as ovarian, colon, or
stomach cancer, rather than a rare occupational cancer.
The cohort study referred to in the Lancet summarizing
the IARC reclassification {(women gas mask workers} did
not reexamine pathology (25). An examination of cancer

8
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Figure 2. Relationship between mesothetioma and ovarian cancer-
standardized mortality ratios for 9 cohert studies presenied in Table 1
(3-6, 9, 27, 28, 31, 36)
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incidence (and its use of cancer registration rather than
death certification for disease outcome data) may have
produced different results. Notably, the meta-analysis on
the 2 case—ontrol and 2 cohort studies that examined
ovarian cancer incidence did not report a statistically
significant excess risk of ovarian cancer,

The IARC makes its determinations of cancer causality
(if an observed association between an exposure and a
disease is causal} by using Bradford Hill's suggested
hierarchy of criteria (40, 41). The first of these was the
strength of the association. In this review, the greatest risk
of ovarian cancer was observed among Italian women
compensated for asbestosis. Their risk was almost 5-fold
compared with their reference population (SMR = 4.77).
However, their SMR for peritoneal mesothelioma was
40.9 and for pleural mesothelioma was 64.0, between 8
and 13 times larger than that observed for ovarian cancer
(27). The effect size from the meta-analysis for ovarian
cancer ranged from 1.29 among those studies that exam-
ined cancer incidence to 1.85 for all cohort studies. The
effect size for mesothelioma was 70.9 (95% CI, 61.4-82.0).
Clearly, the effect size for mesothelioma, a disease known
to be caused by exposure to asbestos, is much larger than
that for ovarian cancer. Also, if there was misclassifica-
tion of mesothelioma and ovarian cancer, then some
relationship between the 2 SMRs shown in Figure 2 is
likely to have been observed. Similarly, if there was an
exposure-response relationship, then some relationship
between the SMRs should have been observed. Another
explanation for the lack of correlation between mesothe-
lioma and ovarian cancer SMRs is that asbestos exposure
does not cause ovarian cancer.

Hill’s second criterion for causality was consistency—
that the observed association been repeated in different
people, places, and times (40). The present study has
shown that 4 of 14 cohort studies reported a statistically
significant excess rate for ovarian cancer among women
exposed to asbestos. Of the remaining 10 studies, 5
reported a tendency to excess but failed to reach statistical
significance and 5 reported rates that were similar to
those of their reference populations. Strong evidence of
consistency was not observed among these studies,
although no study reported any protective effect.

Also included in Hill’s criteria for causation was bio-
logical gradient or demonstration of an exposure-
response relationship (40). In the studies presented in
this article, examination of exposure-response relation-
ships was limited because of the small numbers of cases
of ovarian cancer. Most of the studies were limited by
small numbers of women both in terms of the number of
women exposed to asbestos and the subsequent small

References

1. Straif K, Benbrahim-Tallaa L, Baan R, Grosse Y, Secretan B,
El Ghissassi F, et al. A review of human carcinogens—part C:
metals, arsenic, dusts, and fibres. Lancet Oncol 2009;10:
453-4.

numbers of ovarian cancers. However, where exposure—
response relationships were examined, they were incon-
sistent. No study showed a statistically significant trend
of ovarian cancer with degree of asbestos exposure. In
addition, there was no evidence of a significant trend
across studies as grouped exposure increased (see Fig. 2).

Other Hill's criteria are temporality (which is met
because disease follows exposure) and specificity {which
Hill largely discounts: [t is known that asbestos causes
more than one disease), Plausibility, coherence, and ana-
logy are all satisfied, and experiment is not really applic-
able.

Conclusion

Taken without further analysis, women thought to
have ovarian cancer had an increased rate in the meta-
analysis if reporting having been exposed to asbestos,
compared with reference populations. However, this
finding may result from the methods used to identify
the ovarian cancer cases. Where disease oufcome was
identified from the cause of death as listed on the death
certificate, given the small numbers of ovarian cancer
cases in each study, even misclassification of 1 cancer
may exert a large impact on the exposure effect. The
meta-analysis of those studies that examined ovarian
cancer as determined on the death certificate reported
an excess risk. In contrast, no significant excess risk was
reported among those studies that examined the inci-
dence of ovarian cancer where cases were ascertained
from a cancer registry. The IARC Monograph that con-
tains the evidence supporting its sufficient ruling that
asbestos exposure causes ovarian cancer is not yet in the
public domain. However, the authors of this article sug-
gest that the IARC decision to determine asbestos expo-
sure as a cause of ovarian cancer was premature and not
wholly supported by the evidence. Meta-analysis tech-
niques cannot account or adjust for the quality of the data
contained in the original studies that are used in the meta-
analysis. If the original data contain errors of classifica-
tion, then errors are built into the meta-analysis.

Disclosure of Potential Conflicts of Interest

No petential conflicts of interest were disclosed.

Acknowledgments

The authors thank [an Sleith, Nola QOlsen, Robin Mina, National Health
and Medical Research Council, and JEM Foundation.

Received December 14, 2010); revised May 4, 2011; accepted May 6,
2011; published OnlineFirst May 24, 2011.

2, IARC Monographs on the Evaluation of Carcinogenic Risks to
Humans. Overall Evaluations of Carcinogenicity: An Updating of IARC
Monographs, 1ARC Monographs Supplement 7. Lyon, France: Inter-
national Agency for Research on Cancer; 1987,

Cancer Epidemiol Biomarkers Prev; 20{7) July 2011

Cancer Epidemiology, Biomarkers & Prevention

Downloaded from cebp.aacrjournals.org on July 13, 2011
Copyright ® 2011 American Association for Cancer Research



I UMD IGW ARG DL |Vlay o5y, SV, N,

TW MY TR TIU LT 17 W™ e,

Asbestos Exposure and Ovarian Cancer

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23

Berry G, Newhouse ML, Wagner JC. Mortality from all cancers of
asbestos factory workers in east London 1933-80. Occup Environ
Med 2000,57:782-5.

de Klerk NH, Musk AW, Eccles JL, Hansen J, Hobbs MS. Exposure to
crocidolite and the incidence of different histolegical types of lung
cancer. Occup Environ Med 1896;53:157-9.

Dement JM, Brown DP, Okun A. Follew-up study of chrysotile asbes-
tos textile workers: cohort mortality and ¢ase-control analyses. Am J
Ind Med 1994,26:431-47.

Peto J, Seidman H, Selikoff |J. Mesothelioma morality in asbestos
workers: implications for models of carcinogenesis and risk assess-
ment. Br J Cancer 1982;45:124-35.

Sington JD, Cottrell BJ. Analysis of the sensitivity of death cerlificates
in 449 hospital deaths: a comparison with necropsy findings. J Clin
Pathel 2002,55:499-502.

Maclaine GD, Macarthur EB, Heathcote CR. A comparison of death
certificates and autepsies in the Australian Capital Territory. Med J
Aust 1992;156:462-3, 6-8.

Newhouse ML, Wagner JG. Validation of death certificates in asbes-
tos workers. Br J Ind Med 1969;26:302-7.

Reid A, Heyworth J, de Klerk N, Musk AW. The mortality of
women exposed environmentally and domestically to biue asbes-
tos at Wittenoom, Western Australia. Occup Environ Med
2008;65:743-9.

Qrdonez NG. Value of immunchistochemistry in distinguishing peri-
toneal mesothelioma from serous carcinoma of the ovary and peri-
toneum: a review and update. Adv Anat Pathol 2006;13:16-25.
MgcDonald JC, Harris JM, Berry G. Sixty years on: the price of
assembling military gas masks in 1940. Occup Environ Med
2006;63:852-5.

Newhouse ML, Berry G, Wagner JC, Turok ME. A study of the
mortality of female asbestos workers. Br J Ind Med 1972;29:134-41.
Wignall BK, Fox AJ. Mortality of female gas mask assemblers, BrJ Ind
Med 1982;39:34-8.

Heller DS, Gordon RE, Westhoft G, Gerber 5. Asbestos exposure and
ovarian fiber burden. Am J Ind Med 1996;29:435-9.

Langseth H, Jchansen BY, Nesland JM, Kjaerheim K. Asbestos fibers
in ovarian tissue from Norwegian pulp and paper workers. Int J
Gynecol Cancer 2007;17:44-9.

Roggli VL, Brody AR. Experimental models of asbestos-related dis-
eases. In:Rogghi VL, Greenberg SD, Prait PC, editors. Pathology of
asbestos-associated diseases. Boston, MA: Litile Brown & Company;
1992, p. 257-98.

Shukla A, Guiumian M, Hei TK, Kamp D, Rahrman G, Mossman BT.
Multiple rofes of oxidants in the pathogenesis of asbestos-induced
dispases. Free Radic Biol Med 2003;34:1117-29.

Manning CB, Vallyathan V, Moessman BT, Diseases caused by asbes-
tos: mechanisms of injury and discase development. Int Immuno-
pharmacol 2002;2:191-200.

Graham J, Graham R. Ovarian cancer and asbestos. Environ Res
1967,1:115-28.

Kane AB. Mechanisms of mineral fibre carcinogenesis. IARC Sci Publ
1996:11-34.

Stata Corp, Stata Statistical Software: Release 10. College Station,
TX: Stata Cerp LP; 2007.

Steme JAC, Newton HJ, Cox NJ, editors. Meta-analysis in Stata: an
updated collection from the Stata Journal. College Station, TX: Stata
Press; 2009.

24,

25.

26,

27,

28,

.

32.

36.

37,

39,

41,

Szeszenia-Dabrowska N, Urszula W, Szymczak W, Strzelecka A.
Mortality study of werkers compensated far asbestosis in Poland,
1970-1997. int J Occup Med Environ Health 2002;15:267-78.
Acheson ED, Gardner MJ, Pippard EG, Grime LP. Mortality of two
greups of wemen who manufactured gas masks from chrysetile and
crocidolite asbestos: a 40-year follow-up, Br J Ind Med 1982;39:
344-8.

Ferrante [, Bertolotti M, Todesco A, Mirabelli D, Terracini B, Magnani
G. Cancer mortality and incidence of mesothslioma in a cohort of
wives of asbestos workers in Casale Monferrato, Italy. Environ Health
Perspect 2007;115:1401-5.

Germani D, Belli S, Bruno G, Grignoli M, Nesti M, Pirastu R, et al.
Cohort mortality study of wemen compensated for asbestosis in Italy.
Am J Ind Med 1999;36:129-34.

Magnani C, Ferrante D, Barone Adesi F, Bertolotti M, Todesco A,
Mirabelli D, et al. Cancer risk after cessation of ashestos exposure: a
cohort study of talian asbestos cement workers. Ocecup Enviren Med
2008;65:164-70.

Mamo C, Costa G. Mortality experience in an historical cohort of
chrysotile asbestos textile workers. 2004[cited 2008 May 1]. Available
from:http:/fwww livingframemedia.co.uk/cag/gac2004/english/
ws_E_03_e.pdf.

Pira E, Pelucchi G, Buffoni L, Palmas A, Turbiglio M, Negri E, et al.
Cancer mortality in a cohort of asbestos textile workers, Br J Cancer
2005;92:580-6.

Reid A, Segal A, Heyworth JS, de Klerk NH, Musk AW. Gynecologic
and breast cancers in women after exposure to blue asbestos at
Wittenoom.Cancer Epidemicl Biomarkers Prev 2009;18:140-7.
Rosler JA, Woitowitz HJ, Lange HJ, Woitowilz RH, Ulm K, Rodel-
sperger K. Mortality rates in a female cohort following asbestos
exposure in Germany. J4 Occup Med 1994,36:889-93,

. Vasama-Neuvonen K, Pukkala E, Paakkulainen H, Mutanen P, Wei-

derpass E, Boffetta P, et al. Ovarian cancer and occupational expo-
sures in Finland. Am J Ind Med 1999;36:83-9.

. Wilczynska U, Szymczak W, Szeszenia-Dabrowska N. Mortality from

malignant neoplasms among workers of an asbestos precessing plant
in Poland: results of prolonged ebservation. Int J Cooup Med Environ
Health 2005;18:313-286.

. Langseth H, Kjaerheim K. Ovarian cancer and occupational exposure

among pulp and paper employees in Norway. Scand J Work Environ
Health 2004;30:356-61.

Rosenblatt KA, Szklo M, Rosenshein NB. Mineral fiber exposure and
the development of ovarian cancer. Gynecol Oncol 1992;45:20-5.
Hodgson JT, Barnton A. The guantitative risks of mesothelioma and
lung cancer in relation to asbestos exposure. Ann Occup Hyg
2000;44:565-601.

. Kauppinen T, Toikkanen J, Pukkala E. From cross-tabulations to

multipurpose exposure information systems: a new job-exposure
matrix. Am J Ind Med 1998;33:409-17.

Meurman LO, Pukkala E, Hakama M. Incidence of cancer among
anthophyllite asbestos miners in Finland. Occup Environ Med
1994;51:421-5.

. Hill AB. The environment and disease: association or causation?Proc

R Soc Med 1965;58:295-300.
International Agency for Research on Cancer. Preamble to the IARC
Monographs. B. Scientific review and evafuation. 2006[cited 2010 Feb
4]. Available from:http://monographs.iarc.fr/ENG/preamble/curren-
tb2studies/humans0708.php.

www .aacrjournals.org

Cancer Epiderniol Biomarkers Prev; 20(7) July 2011

Downloaded from cebp.aacrjournals.org on July 13, 2011
Copyright © 2011 American Association for Cancer Research

1295



Ann. Oceup. Hyvg., pp. 1-9

© Crown Copyright 2011, Published by Oxford University Press
on bekalf of the British Occupational Hygiene Society
doi:10,1093fannhyg/meqy089

The effect of smoking on the risk of lung cancer
mortality for asbestos workers in Great Britain

(1971-2005)

GILLIAN FROST!*, ANDREW DARNTON? and ANNE-HELEN HARDING!

!Health and Safety Laboratory, Mathematical Sciences Unit, Harpur Hill, Buxton, Derbyshire SK17
OJN, UK; *Health and Safety Executive, Redgrave Court, Epidemiology Unit, Bootle, Merseyside L20

7HS, UK

Received 6 July 2010; in final form 11 October 2010

Objectives: Workers in the asbestos industry tend to have high smoking rates compared to the
general population. Both asbestos exposure and cigarette smoking are recognized risk factors
for lung cancer mortality, but the exact nature of the interaction between the two remains un-
certain. The aim of this study was to examine the effect of smoking and smoking cessation among
ashestos workers in Great Britain (GB) and investigate the interaction between asbestos expo-
sure and smoking, Methods; The study population consisted of 98 912 asbestos workers re-
cruited into the GB Asbestos Survey from 1971, followed-up to December 2005, Poisson
regression was used to estimate relative risks of lung cancer mortality associated with smoking
habits of the asbestos workers and to assess whether these effects differed within various cate-
gories of asbestos exposure. The interaction between asbestos exposure and smoking was exam-
ined using the Synergy (S) and Mulltiplicativity (V) indices, which test the hypotheses of additive
and multiplicative interaction, respectively. The proportion of lung cancers among smokers at-
tributable to the interaction of asbestos and smoking was also estimated. Results: During
1 780 233 person-years of follow-up, there were 1878 deaths from lung cancer (12% of all
deaths}. Risk of lung cancer mortality increased with packs smoked per day, smoking duration,
and total smoke exposure (pack-years). Asbestos workers who stopped smoking remained at in-
creased risk of lung cancer mortality up to 40 years after smoking cessation compared to asbes-
tos workers who never smoked. The effects of smoking and stopping smoking did not differ by
duration of asbestos exposure, main occupation, age at first asbestos exposure, year of first ex-
posure, or latency period. The interaction between asbestos exposure and smoking for asbestos
workers was greater than additive [S 1.4, 95% confidence interval (CI) 1.2-1.6], and the multi-
plicative hypothesis could not be rejected (V 0.9, 95% CI 0.3-2.4), For those asbestos workers
who smoked, an estimated 26% (95% CI 14-38%) of lung cancer deaths were attributable to
the interaction of asbestos and smoking. Conclusions: This study emphasizes the importance
of smoking prevention and cessation among those who work in the asbestos industry.

Keywords: Great Britain; lung cancer mortality; occupational asbestos exposure; smoking; smoking cessation

INTRODUCTION

Smoking tobacce is the major determinant of lung
cancer and accounts for ~90% of all cases (Quinn
et al., 2001). The relationship between smoking

*Author to whom correspondence should be addressed.
Tel: +44 (0) 1298-218317; fax: +44 (0) 1298-218840,
e-mail: gillian.frost@hsl.gov.uk

and lung cancer is well decumented (Doll and Peto.
1978; Doll et al., 2004; TARC, 2004), along with the
benefits of smoking cessation (US DHHS. 1990;
Peto et al., 2000). Asbestos is also an important lung
carcinogen, accounting for an estimated 2-3% of
lung cancer deaths in Britain during 1980-2000
(Darnton er al., 2006), However, the combined effect
of asbestos exposure and smoking on lung cancer
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risk remains uncertain despite many studies of asbes-
tos exposed groups. Most studies have focused on
two hypotheses: whether the combined effect of as-
bestos and smoking is additive (each factor acts in-
dependently) or multiplicative (the effect of
asbestos exposure on lung cancer risk is proportional
to the effect of smoking) (Doll and Peto, 1985; Ham-
mond et al., 1979; Lee, 2001). However, some recent
reviews have suggested that while there is some in-
teraction between the factors (their combined effect
is more than additive), its extent is less than multipli-
cative (Liddell. 2001; Berry and Liddell. 2004). Fus-
thermore, of the many studies of asbestos-exposed
cohorts that have now been reported, few have exam-
ined the association between lung cancer risk and
more specific smoking habits such as intensity and
duration (Liddell and Armstrong, 2002} and smok-
ing cessation in combination with asbestos exposure
(de Klerk ¢t al., 1991; Reid er al.. 2006).

The Great Britain (GB) Asbestos Survey was es-
tablished in 1971 by the Health and Safety Executive
to monitor the long-term health of asbestos workers.
The survey comprises a large cohort of asbestos-
exposed workers from the former asbestos product
manufacturing industry and, more recently, work-
ers in the asbestos removal industry. The objective
of this study was to examine lung cancer mortality
risk associated with smoking and smoking cessa-
tion among asbestos workers and also to examine
the interaction between exposure to asbestos and
smoking on lung cancer mortality risk.

METHODS

The cohort includes all asbestos workers in GB
who have had medical examinations because of reg-
ular work with asbestos. The British Medical Asso-
ciation Research Ethics Committee gave approval
for the survey. Participants were initially recruited
on a voluntary basis into the GB Asbestos Survey,
which was established in 1971 to monitor mortality
among workers in the asbestos products manufactur-
ing industry. The cohort was expanded to include
those working with insulation (application or re-
moval) who were required to undergo statutory med-
icals under the Asbestos Licensing Regulations 1983
and later to all those exposed to asbestos above the
specified ‘action limit’ as required by the Control
of Asbestos at Work Regulations 1987. Medical ex-
aminations were carried out at 2-yearly intervals dur-
ing the period over which they were working with
asbestos (Harding er /.. 2009).

At each medical examination, workers completed
the survey questionnaire, which recorded personal

details, date of first occupational exposure to asbes-
tos, current employment details, and smoking his-
tory. Details collected about smoking habits
included current smoking habit (whether a current,
former, or non-smoker), the number of cigarettes
smoked per day, and the age started smoking if a cur-
rent or former smoker, and the age stopped smoking
if a former smoker. Data collected at follow-up med-
ical examinations were used to update smoking sta-
tus and job details.

Survey participants were flagged for death regis-
trations at the National Health Service Central Reg-
ister (NHSCR) for England and Wales or the General
Register Office for Scotland (GROS). Deaths were
also identified through the GB mesothelioma register
(McEbvenny et al., 2005).

Statistical methods

Poisson regression was used to estimate relative
risks (RRs) of lung cancer mortality among the as-
bestos workers. Deaths occurring until December
2005 were included in the analyses. The dependent
variable was the number of deaths, with the per-
son-years at risk as offset variable, Person-years
were calculated from the date of first medical exam-
ination (entry into the study) as the starting date and
the date of death, loss to follow-up (for example, em-
igration from GB), or the end of the study period,
whichever occurred first, as the ending date.

RRs were estimated for smoking-related variables
with adjustment for age (5-year classes, 40-75+
years), calendar period (S-year periods, 1980-
2000+), sex, and proxy measures of asbestos
exposure. Main occupation (manufacturing, insula-
tion work, removal work, or ‘other’ exposed work)
and length of occupational exposure to asbestos
{three categories: <10, 10-29, 30+ years) were used
as proxies for type of asbestos exposure and cumula-
tive exposure, respectively. The covariates of interest
were smoking status, age started smoking, smoking
intensity (packs smoked per day), smoking duration,
total smoke exposure (pack-years}), age stopped smok-
ing, and time since smoking cessation. Length of
occupational exposure to asbestos, smoking duration,
pack-years of exposure, and time since smoking
cessation were considered time-dependent covariates.

The number of cigarettes smoked per day was
taken as the average recorded over all of the partic-
ipants’ examinations for former smokers. For current
smokers, the number of cigarettes smoked per day
could vary from one examination to the next, and
the number recorded at their final examination was
assumed to apply to the end of follow-up, For the
purpose of the analyses packs per day were used,
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where one pack was equivalent to 20 cigarettes. For
current smokers, smoking duration was calculated
from the age started smoking to current age, age at
death, loss to follow-up, or end of follow-up and
for former smokers, age started smoking to current
age or age stopped smoking. Total smcke exposure
(pack-years) was computed as the product of the
number of packs smoked per day and smoking dura-
tion. For former smokers, the time since smoking
cessation was calculated from the age stopped smok-
ing to current age, age at death, loss to follow-up, or
end of follow-up. All variables were entered as a se-
ries of indicator variables and used never-smokers as
the reference category.

Harding er al. (2009) demonstrated that, among
the GB asbestos workers, length of asbestos expo-
sure, main occupation, age at first exposure, year
of first exposure, and latency (time since first expo-
sure) were statistically significantly associated with
lung cancer mortality. These variables were there-
fore used to assess whether the effects of smoking
varied with asbestos exposure. Both duration of ex-
posure and main occupation were categorized as
above. Age at first exposure (<C20, 20-39,
40+ years), year of first exposure (pre-1950, 1950—
1969, post-1969), and latency (<20, 20-39, 40+
years) were also considered categorical variables
with latency as a time-dependent covariate. The ba-
sic model for the interaction analysis included age,
calendar period, sex, main occupation, and duration
of exposure as before but also included total smoke
exposure (pack-years} in order to adjust for potential
differences in smoking exposure. The interaction
hetween each smoking variable and each asbestos
exposure variable was entered into the medel (in-
cluding the main effects) one at a time, and the P-
value of the interaction was assessed using the Wald
test. Hommel’s procedure (Wright, 1992) was used
to adjust P-values for the large number of tests per-
formed {n = 35). Only interactions that were statis-
tically significant (adjusted P < 0.05) would be
investigated further.

The nature of the joint effect of smoking and as-
bestos exposure on lung cancer mortality was inves-
tigated using two indices for interaction effects:
the Synergy (S) and Multiplicativity (V} indices
(Rothman, 1976; Lee, 2001). The index § is given
by (Ras — Ro¥(Ra + Rs — 2Ry} (Rothman, 1976)
and V by RoRas/RaRs (Lee, 2001), where R, is the
risk of lung cancer mortality for never-smokers ex-
posed to asbestos, R is the risk for current smokers
not exposed to asbestos, and Rag is the risk for current
smokers exposed to asbestos, each relative to the risk
for never-smokers not exposed to asbestos (Ry = ).

A value of § greater than one indicates some de-
gree of interaction between smoking and asbestos
exposure on lung cancer mortality (which could in-
clude a multiplicative effect), with a value of S equal
to one indicating no interaction (i.e. the effect of the
two factors on risk is additive). The second index V
is the reciprocal of the relative asbestos effect
(RAE), a term first used by Berry er al. {1985) to de-
scribe the ratio of the RR due to asbestos exposure in
non-smokers to that in smokers. The index ¥V was used
in this study due to its more intuitive interpretation
than the RAE: a value of V greater than one corre-
sponds to an interaction that is more than multiplica-
tive, V less than one corresponding to less than
multiplicative (including no interaction at all), and
equal to one indicates a multiplicative interaction.

A reference group of workers unexposed to asbes-
tos could not be identified within the cchort and so
indices were calculated based on comparisons of
risks for those classified as having ‘low’ asbestos ex-
posure versus those with ‘high’ asbestos exposure
for never and current smokers. Workers were as-
signed to the low or high asbestos exposure catego-
ries based on the length of occupational asbestos
exposure. Low exposure was classed as <10 years
of occupational exposure and high exposure as
304 years of exposure.

Poisson regression was used to estimate the lung
cancer risks Ry, Ry, Rg, and Rag with adjustment
made for age, calendar period, sex, and main occu-
pation, The 95% confidence intervals (Cls) for §
were obtained using the delta method to form Cls
for In(S) and exponentiating the limits (Hosmer
and Lemeshow, 1992; Rongling and Chambless.
2007). Cls for V were calculated assuming the RR
estimate is log-normally distributed (Lee. 2001).

Sensitivity analysis was carried out to investigate
whether the results were affected by choice of cate-
gories for low and high asbestos exposure. Other cat-
egories considered included <3 years for low and
40+ years for high asbestos exposure, <I5 years
and 354 years, and <7 years and 30+ years. In
order to increase the number of cases in the never-
smoker categories, the possibility of including
former smokers with never-smokers was also inves-
tigated. Also assessed was the use of an alternative
definition of low and high asbestos exposure that
was not based on the duration of exposure. Harding
et al. (2009) found that those employed in insulation
work had the greatest risk of mesothelioma mortality
and those in manufacturing had the lowest. Using
this as a marker for asbestos exposure, the synergy
and multiplicativity indices were again estimated
but using employment in the manufacturing industry
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as low asbestos exposure and employment in the
insulation industry as high,

The RRs estimated from the above model (Ry, R4,
Rg, and Rag) were also used to estimate the propor-
tion of deaths attributable to asbestos exposure,
smoking, and the interaction of the two among as-
bestos workers who were current or never-smokers,
using the methods of Lee (2001). CIs were calcu-
lated from the variance of the attributable fraction
estimated using the delta method (osmer and Le-
meshow, 1992; Rongling and Chambless, 2007),
All analyses were carried out in Stata 10 (StataCorp.
2007).

RESULTS

Altogether 98 912 asbestos workers were fol-
lowed-up for a total of 1 780 233 person-years be-
tween 1971 and 2005, This differs from what was
previously reported (Harding er al., 2009) because
the database has since been updated with further sur-
vey questionnaires and death notifications relevant to
the study period. Ninety-eight per cent of workers
were traced for follow-up with the NHSCR and
GROS. By the end of 2005, there had been 15 553
deaths in the study population, with lung cancer ac-
counting for 12% (n = 1,878) of all deaths. Ninety-
five per cent of participants were males and >50%
were smokers at the time of the last medical exami-
nation. A majority of workers (56%) reported asbes-
tos removal work as their main occupation during
the study, and experienced, on average, 11 years of
occupational exposure to asbestos (Table 1). On av-
erage, both current and former smokers started to
smoke while in their teens and smoked around one
packet of cigarettes a day. Participants who were cur-
rent smokers at the time of their last examination had
been smoking for an average of 35 years and former
smokers reported smoking for ~17 years. On aver-
age, former smokers stopped smoking at 35 years
of age and, by the end of follow-up, had ceased
smoking for ~25 years (Table 2).

After adjustment for age, calendar period, sex,
main occupation, and length of occupational expo-
sure to asbestos, both current and former smokers
had statistically significantly elevated risks of lung
cancer mortality compared to never-smokers (RR
14.7, 95% CI 10.5-20.6 and RR 4.6, 95% CI 3.3-
6.6, respectively; Fig. 1). Starting to smoke at any
age statistically significantly increased the risk of
lung cancer mortality compared to never-smokers
(Fig. 1), with starting to smoke before 16 years of
age associated with the greatest risk (RR 13.7,
95% C19.7-19.4). The risk of lung cancer mortality

Table 1. Characteristics of the GB asbestos workers {(1971—
2005)

Characteristic

Number of individuals 98 912

1 780 233

All deaths (lung cancers) 15 553 (1878)
Males 95%

Current smokers at last exam 53%

Person-years at risk

Main occupation

Manufacturing 30%
Insulation work 5%
Removal work 56%
Other 9%
Exposure length, mean (SD), years 1E(11)
Age at first exposure, mean (SD), years 30(11)

SD, standard deviation.

Table 2. Smoking habits of the GB asbestos workers, by
smoking status at the last medical examination (1971-2005)

Characteristic Smoking status

Current Former
Age started smoking, years 17 (4) 18 (4}
Average packs smoked per day 0.9 (0.4) 0.9 (0.6)
Smoking duration, years 35 (15) 17 (12}
Total smoke exposure, pack-years 30 (22) 18 (18)
Age stopped smoking, years — 35 (12)
Years since smoking cessation — 25(12)

Data are means, with standard deviations in parentheses.

initially increased with the number of cigarette packs
smoked per day but levelled out at two or more pack-
ets a day (Fig. 1). There was a strong dose-response
relationship, with the risk of lung cancer mortality
increasing with both smoking duration and total
smoke exposure (Fig. 1). Among former smokers,
the risk of lung cancer mortality was lowest for those
who had stopped smoking before 30 years of age
(Fig. 1) but remained statistically significantly high-
er than never-smokers (RR 1.8, 95% CI 1.01-3.2).
There was an inverse relationship between time
since smoking cessation and lung cancer mortality
risk (Fig. 1). The risk for former smokers who had
stopped smoking for 404 years was not statistically
significantly different to that of never-smokers (RR
1.5, 95% CI 0.8-2.8). The interaction analysis
did not reveal any interactions that were statistically
significant at the 5% level (all adjusted P > 0.70;
results not shown).

Table 3 shows the results of the Poisson regression
subdividing the asbestos workers by smoking status

111y wosy papeojumo(]

Auuunyad

n

710 £ AelA U0 18an3 g /T4 siwtanolpaogxor



Smoking and lung cancer mortality among asbestos workers 50f9
Smoking Age started smoking Packs smeked Smoking duration | Total smoke exposure| Age stopped smoking Years since
slalus {years) per day {years) (pack-years) years) smaoking cessation

£2l ]

=7

5 g

E

5 o

o ™7

T w0

O N

2o

=2 N

5

-

7]

s o |

2 |

5 o

[0}

L o]-———=—rm— mm—mm—m . —m e e s s e S
g El2 b & g2 b & 3| 844088 | Roandadddl 8 & 4 a2 L2
@ @ Vo x5 ‘eo'v—c\i VN GS WD Ve ROFRo N~ vV @& < w vV - o o <
= (2]
Q [T

Errorbars represent 95% confidence intervals
Dashed line represents reference category of never smokers

Fig. 1. RR of lung cancer mortality for GB asbestos workers adjusted for age, calendar period, sex, main occupation, and length of
occupational exposure to asbestos (1971-2005).

Table 3. Synergy and multiplicativity indices for GB asbestos workers (1971-2005)

Smoking status Asbestos Label Deaths Person-years RR (95% CI)
exposure

Never Low Ro 8 280 812 1.0
Medium — 19 127 484 1.9 (0.84.3)
High Ra 8 23 686 1.6 (0.64.2)

Former Low — 61 156 892 5.6 (2.7-11.7)%*=
Medium — 125 143 494 6.5 (3.2-13.3)%%%
High -— 116 48 028 9.7 (4.7-20.0)%*

Current Low Rg 473 581 497 18.8 (9.4-37.9yks
Medium — 636 257 181 n7 (11.3-45.6)%**
High Ras 322 50 590 26.2 (13.0-53.1y#**

Synergy index (5) 1.4 (1.2-1.6)**=*

Multiplicativity index (V} 0.9 (0.3-2.4)

RRs adjusted for age, calendar period, sex, and main occupation using Poisson regression; low, << [0 years occupational exposure
to asbestos; medium, 10-29 years occupational exposure to asbestos; high, >30 years occupational exposure to asbestos.

**#Sipnificant at P < 0.001.

and duration of asbestos exposure and the corre-
sponding synergy (8) and multiplicativity (V) indi-
ces. Although the risk of mortality from lung
cancer for never-smokers with high exposure was
greater than never-smokers with low exposure, this
was not statistically significant (RR 1.6, 95% CI
0.6-4.2). Index § was statistically significantly >1,
providing evidence against the additive hypothesis
of no interaction between smoking and asbestos ex-
posure (§ 1.4, 95% CI 1.2-1.6). Index V was <1, but
this was not a statistically significant difference and
so the multiplicative hypothesis could not be rejected
(V0.9,95% CI 0.3-2.4).

The use of different low and high asbestos expo-
sure categories did not greatly affect results (data

not shown}. For all categorizations, never-smokers
with high asbestos exposure had greater risk of lung
cancer mortality compared to never-smokers with
low asbestos exposure, but this was never a statisti-
cally significant result. For the synergy index, the re-
sults led to the same conclusion in all cases, except
when using the most extreme categorization of low
and high asbestos exposure {<(3 years versus 40+
years duration), where S was not statistically signi-
ficantly different to unity. In all cases, the multipli-
cativity index was not statistically significantly
different to unity. As discussed above, this study
found that the risk of lung cancer mortality was
not statistically significantly different to never-
smokers for those who had stopped smoking for
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Table 4. Percentage attributable risks from smoking and asbestos exposure among GB asbeslos workers (1971-2005)

Smoking  Asbestos Deaths Person-years % Attributable to

status exposure Background Asbestos Smoking Both
only only factors
Never Low 8 280 812 100%" — — —
High 8 23 686 63%° (1-125%) 37%° (=25 t0 99%) — —
Current  Low 473 581 497 5% (2-9%)  — 95%" (91-98%) —
High 322 50 590 4% (1-7%) 2%* (=3 to 7%) 68%" (57-79%) 26% (14-38%)

Caleulated using RRs adjusted for age, calendar period, sex, and main oceupation (Ry, Ra, Rs, and Rag, Table 3} Values in
parentheses show 95% Cls; low, <10 years occupational exposure Lo asbestos; high, >30 years occupational exposure to

asbestos,

“Assumed to be 100%.
PR A.

“(Ra — 1)Ra.

“1/Rs.

“(Rs — 1)/Rg

1R s

5(Ra — 1YRas.

"(Rs — )iRas.
{1 — Ra — Rg + Ras)VRas, formulae from Lee (200]).

>4 years. Therefore, in order to increase the num-
ber of cases in the never-smoker categories,
these former smokers were included with the
never-smokers and the analysis repeated. The esti-
mates of the two indices were again similar to those
presented here (results not shown). When using occu-
pation to define low and high asbestos exposure
(manufacturing and insulation industries, respec-
tively), never-smokers with high asbestos exposure
had greater risk of lung cancer mortality compared
to never-smokers with low asbestos exposure, but
again this was not a statistically significant result
(RR 2.0, 95% CI0.8-5.0). Both the synergy and mul-
tiplicativity indices were similar to those obtained
when duration was used to classify asbestos exposure
(5 1.7,95% C1 1.4-2.1; V0.9, 95% CI 0.4-2.3),
Table 4 shows the percentage of lung cancer
deaths attributable to asbestos and smoking among
asbestos workers who were never and current smok-
ers, which were calculated using the RRs from Table
3. For those exposed to both smoking and asbestos,
an estimated 26% (95% CI 14-38%) of lung cancer
deaths were attributable to the interaction between
asbestos and smoking. Among this group, there were
more deaths attributable to smoking only than asbes-
tos exposure only (68% versus 2%). Consequently,
the estimated fraction of lung cancer deaths pre-
vented if workers had not smoked (risk attributable
to smoking in the presence of asbestos) was 94%
(=26% + 68%); the estimated fraction of lung can-
cer deaths prevented if workers had not been ex-
posed to asbestos (risk attributable to asbestos in
the presence of smoking) was 28% (=26% + 2%);
and the fraction of lung cancer deaths prevented if

neither exposure had occurred (risk attributable to
the combined effect of asbestos and smoking) was
96% (=26% + 68% + 2%) among asbestos workers
who smoked.

DISCUSSION

The GB Asbestos Survey is an important study set
up to monitor the long-term health and mortality of
workers occupationally exposed to asbestos. Since
1971, it has been successful in recruiting and follow-
ing a large number of these workers and continues to
do so today. The survey not only collects personal
details and information regarding occupational ex-
posure to asbestos but also asks questions about cur-
rent smoking habits. Few asbestos studies have
detailed information on the smoking habits of asbes-
tos workers, but this study enabled a detailed exam-
ination into the effect of smoking and smoking
cessation on lung cancer mortality risk among asbes-
tos workers in GB and also an investigation into the
interaction between exposure Lo asbestos and smiok-
ing on lung cancer mortality risk.

One limitation of the survey is the lack of detailed
exposure measurements and information about the
type of asbestos fibres. There is evidence that different
forms of asbestos pose different health risks. A review
published in 2000 (Hodgson and Darnton, 2000) sug-
gested that the risk differential between the carcino-
genic potency of chrysotile and amphibole fibres for
lung cancer was between 1:10 and 1:50. A recent
meta-analysis by Berman and Crump {200%a) investi-
gated differences in carcinogenic potency of chryso-
tile and amphibole asbestos, incorporating the effect
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of fibre size. They estimated that chrysotile was less
potent than amphibole asbestos for lung cancer by fac-
tors ranging between 6 and 60. There was also an in-
dication that the relative potency of chrysotile to
amphibole asbestos varied with fibre size; hypotheses
that the two fibre types are equally potent were re-
jected for the two metrics based on thin fibres (widths
<0.4 or <0.2 pm), but not rejected for the metrics
based on larger fibres (widths >0.2 pm) (Berman
and Crump, 20084). Workers employed in different
sectors of the asbestos industry were likely to come
into contact with different forms of asbestos. Varia-
tions in risk by occupation are therefore likely to re-
flect, to some extent, differences in the type of
asbestos workers were exposed to. Therefore, this
study used main occupation as a proxy for the type
of asbestos exposure.

Cumulative exposure is also related to lung cancer
risk, displaying an increase in risk with increasing
exposure (Bolfetta. 1998; Henderson et «l., 2004},
Although length of occupational exposure was used
as a proxy for cumulative exposure in this study, this
would not necessarily account for variations in inten-
sity of asbestos exposure.

Lung cancer is the most commeon cancer {Quinn
et al.. 2001) and also the most common cause of death
from cancer (WHOQ, 20009), in the world. In England
and Wales in 2005, lung cancer was the second and
third most common cancer for males and fernales, re-
spectively (ONS. 2008) and accounted for ~5% of all
deaths (ONS, 2006). However, lung cancer accounted
for 129% of all deaths among the GB asbestos workers.
This difference is, in part, due to the smoking habits
of the asbestos workers, with a large proportion
(53%) of the participants being current smokers at
the time of their final examination. Throughout the
study period, the proportion of current smokers
among the asbestos workers was greater than that in
the national population, where just 45% of persons
aged >16 were current smokers in 1974, dropping
to a minimum of ~28% in the 1990s (Walker er al.,
2002) and 24% in England in 2005 (Goddard. 2008).

The analysis of the smoking habits of the asbestos
workers showed that lung cancer risk was greatest
among those who smoked the most cigarettes over
the longest period of time and also for those with
greatest total smoking exposure. These results mirror
those from investigations into smoking without asbes-
tos exposure (Doll and Peto, 1978; Zang and Wynder,
1992, Lubin and Caporaso, 2006). Starting to smoke
at an early age also increased the risk of lung cancer
mortality for asbestos workers. It has been suggested
that young smokers may be more susceptible to smok-
ing-related DNA damage (Wiencke er al., 1999),

Smoking cessation has major and immediate health
benefits. Stopping smoking at any age reduces the risk
of lung cancer mortality compared with continued
smoking (Doll ef af.. 1994), and the greater the length
of time since smoking cessation, the greater the benefit
(Rogot and Muwray, 1980; Peto er af.. 2000). A re-
duced risk of lung cancer is usually evident within 5
years of cessation, but convergence towards the lung
cancer rates of those who have never smoked for for-
mer smokers has not been consistently observed (US
DHHS, 199(). For workers of the crocidolite mine
and mill at Wittencom, de Klerk er «f. (1991) and Reid
el af. (2006) reported a convergence to near never
smoking rates of lung cancer incidence among those
who had stopped smoking for >10 years (OR 1.30,
95% CT (0.25-6.90) and >20 years (OR 1.9, 95% CI
0.5-7.2), respectively. These values are much less than
found in this study, where convergence was not seen
until >40 years after smoking cessation (RR 1.6,
95% CI 0.9-2.9), and this rate of decline did not vary
by duration of ashestos exposure or occupation type.

From an asbestos workers’ perspective, smoking
cessation represents the most practical and effective
means of promoting good health. Changing occupa-
tion may not be a viable option for many workers,
but also there is conflicting evidence as to the effect
of removal from asbestos exposure. Many studies
have reported a decline in the risk of lung cancer af-
ter removal from asbestos exposure (Walker, 1984),
but some studies continue to find that the risk of lung
cancer does not decrease after removal of exposure
(Jarvholm and Sanden, 1998) or even that it initially
increases after removal (Pira e ad.. 2005). A recent
review of the mathematical models used in the US
Environmental Protection Agency health assessment
document for asbestos found no convincing evidence
against the assumption that the RR of lung cancer re-
mains constant after 10 years from last exposure
(Berman and Crump. 2008b). However, it is impor-
tant to note that even if the risk of lung cancer does
not decrease following cessation of asbestos expo-
sure, removal from exposure would prevent an in-
crease in cumulative dosage.

Synergy and multiplicativity indices were used to
test for additive and multiplicative interaction (re-
spectively) between asbestos exposure and smoking.
There was no control group of workers unexposed to
asbestos in this study, and so current and never-
smokers were subdivided inte low and high exposure
according to the length of cccupational exposure to
asbestos. Using these categories, the synergy index
was statistically significantly >1 (§ 1.4, 95% CI
1.2-1.6), providing evidence against the additive hy-
pothesis of no interaction, The multiplicativity index
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was not statistically significantly different to 1 (V
0.9, 95% CI 0.3-2.4), and so the multiplicative hy-
pothesis could not be rejected. These results were
consistent when the durations used in defining low
and high asbestos exposure were altered and also
when the division was made based on occupation.

The results of this study indicated that there was
some level of interaction between asbestos exposure
and smoking and that the multiplicative hypothesis
could not be rejected. This is consistent with a recent
meta-analysis by Wraith and Mengersen (2007),
which combined separate indices to obtain an overall
estimate of 1.70 (95% credible interval 1.09-2.67)
for the synergy index and 0.86 (95% credible inter-
val 0.52-1.41) for the multiplicativity index. How-
ever, another review using similar literature found
evidence that, on average, the interaction between
smoking and asbestos exposure was less than mul-
tiplicative with a ‘best estimate’ of the average
RAE of 2.04 (95% CI 1.28-3.25), which corre-
sponds to a multiplicativity index of (.49 (95% CI
0.31-0.78) (Liddell, 2001).

The attributable proportion due to the interaction
between smoking and asbestos is very closely re-
lated to the value of the synergy index. This study
estimated that among ashestos workers who
smoked, ~26% (95% CI 14-38%}) of lung cancer
deaths were attributable to the interaction between
asbestos and smoking. This was generally slightly
lower than the estimates found in the literature, al-
though it appears to be statistically consistent. The
estimate of the attributable proportion correspond-
ing to the synergy index obtained by Wraith and
Mengersen (2007) was 419% (95% credible interval
8-63%). Erren ef al. (1999) calculated a weighted
average synergy index across 12 studies of 1.64
(95% CI 1.33-2.03), which corresponded to an es-
timated attributable proportion of 33% (95% CI
22-45%). Also, Lee (2001) found a mean attribut-
able proportion of 36% (no CI given) for seven co-
hort studies that did not use external comparisons,
The differences between the attributable proportion
due to interaction found in this study to those in the
literature could be due to the use of low versus high
asbestos exposure rather than unexposed versus ex-
posed. This could lead to the estimated attributable
proportion of lung cancer due to ‘background’ risk be-
ing greater than perhaps it should be, and therefore re-
ducing the attributable proportion due to asbestos
only, smoking only, and the interaction of the two.
That is, if a comparison group was used that was truly
unexposed, then the attributable proportion due to as-
bestos among never-smokers would probably have
been >37%.

CONCLUSIONS

The GB asbestos workers have a greater propor-
tion of smokers than the national population. This
study investigated the effect of smoking and smok-
ing cessation among ashestos workers, Starting (o
smoke at an early age and high intensity smoking
for long periods of time increased the risk of lung
cancer mortality. However, the earlier asbestos
workers stopped smoking the greater the benefit. As-
bestos workers who stopped smoking remained at an
increased risk of lung cancer mortality up to 40 years
after smoking cessation compared (o asbestos work-
ers who had never smoked. The effects of smoking
and stopping smoking did not differ by asbestos ex-
posure.

There was evidence of an interaction between as-
bestos exposure and smoking, and the hypothesis of
a multiplicative interaction could not be rejected. For
those asbestos workers who smoked, an estimated
2% of lung cancer deaths were attributable to asbes-
tos only, 68% to smoking only, and 26% to the inter-
action of asbestos and smoking.

Those who both smoke and have been exposed to
asbestos have the greatest risk of lung cancer mortal-
ity. This study emphasizes the importance of smok-
ing prevention and cessation within this high-risk
cohort.
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ABSTRACT

TLCHLEOQURD .

The aggressive and heterogeneous nature of lung cancer has thwarted efforts to
reduce mortality from this cancer through the use of screening. The advent of low-
dose helical computed tomography (CT} zltered the landscape of lung-cancer screen-
ing, with studies indicating that low-dose CT detects many tumors at early stages.
The National Lung Screening Trial (NLST) was conducted to determine whether

screening with low-dose CT could reduce mortality from lung cancer.

[

WETHODE

From August 2002 through April 2004, we enrolled 53,454 persons at high risk for
lung cancer at 33 U.S. medical centers. Participants were randomly assigned to un-
dergo three annual screenings with either low-dose CT (26,722 participants) or sin-
gle-view posteroanterior chest radiography (26,732). Data were collected on cases of
hing cancer and deaths from lung cancer that occurred through December 31, 2009.

ZECRLTE

The rate of adherence to screening was more than 90%. The rate of positive screen-
ing tests was 24.2% with Jow-dose CT and 6.9% with radiography over all three
rounds. A total of 96.4% of the positive screening results in the low-dose CT group
and 94.5% in the radiography group were false positive results. The incidence of
lung cancer was 645 cases per 100,000 person-years (1060 cancers) in the low-dose
CT group, as compared with 572 cases per 100,000 person-years (941 cancers) in
the radiography group (rate ratio, 1.13; 95% confidence interval [CI], 1.03 to 1.23).
There were 247 deaths from lung cancer per 100,000 person-years in the low-dose
CT group znd 309 deaths per 100,000 person-years in the radiography group,
representing a relative reduction in mortality from lung cancer with low-dose CT
screening of 20.0% (95% CI, 6.8 to 26.7; P=0.004). The rate of death from any cause
was reduced in the low-dose CT group, as compared with the radiography group,
by 6.7% (95% CI, 1.2 to 13.6; P=0.02).

COMCLUSITHS
Screening with the use of low-dose CT reduces mortality from lung cancer. (Funded

by the National Cancer Insritute; National Lung Screening Trial ClinicalTrials.gov
number, NCT00047385.)
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UNG CANCER IS AN AGGRESSIVE AND HET-

erogencous disease.l? Advances in surgical,

-radiotherapeutie, and chemotherapeutic ap-
proaches have been made, but the long-term sur-
vival race remains low.? After the Surgeon Gen-
eral’s 1964 report on sioking and health, mortelity
from lung cancer among men peaked and then
fell: among women, the peak occurred later and
a slight decline has accurred more recentiy.® Even
though the rate of heavy smoling continues to
decline in the United States,5 94 million current
or former smokers remain at elevated risk for the
disease,® and lung cancer remains the leading
cause of death from cancer in this country.® The
prevalence of smoking is substantially higher in
develooing countries than in the United States,
and the worldwide burden of lung cancer is pro-
Jected to rise considerably duting the coming
years.’

Although effective mass screening of high-risk
groups could potentially be of benefit, random-
ized trials of screening with the use of chest ra-
diography with or without cytologic analysis of
sputum specimens have shown no reduction in
lung-cancer mortality.? Molecular markers in
blood, sputum, and bronchial brushings have been
studied but are currently unsuitable for clinical
application.® Advances in multidetector computed
tomography (CT), however, have made high-res-
olution volumetric imaging possible in a single
breath hold at acceptable levels of radiation expo-
sure,® allowing its use for certain lung-specific
applications. Several observational studies have
shown that low-dose helical CT of the lung de-
tects more nodules and lung cancers, including
eatly-stage cancers, than does chest radiography.®
Therefore, the National Cancer Institute (NCI)
funded the Nationa! Lung Screening Trial (NLST),
a randomized trizl, to determine whether screen-
ing with low-dose CT, as compared with chest
radiography, would reduce mortality from lung
cancer among high-risk persons. The NLST was
initiated i 2002.2° In October 2010, the available
data showed that there was a significant reduc-
tion with low-dose CT screening in the rates of
both death from lung cancer and death from any
cause. We report here the findings of the NLST,
including the performance characteristics of the
screening techniques, the approaches used for and
the results of diagnostic evaluation of positive
screening results, the characteristics of the ung-
cancer cases, and mortality. A comprehensive de-

seription of the design and operations of the trial,
including the collection of the data znd the ac-
quisition variables of the screening technigues,
has been published previously.*®

METHQODS

TRIAL OYERSIGHT . :
The NLST, a randomized trial of screening with
the use of low-dose CT as compared with screen-
ing with the use of chest radiography, was a col-
laborative effort of the Lung Screening Study
(LSS), administerad by the NCI Division of Can-
cer Prevention, and the American College of Ra-
diology Imaging Network (ACRIN), sponsored
by the NCI Division of Cancer Treatment and Di-
agnosis, Cancer Imaging Program. Chest radio-
graphy was chosen as the screening method for
the ¢ontrol group because radiographic screen-
ing was being compared with community care
{care that a participant usually receives) in the
Prostate, Lung, Colorectal and Ovarian (PLCO}
Cancer Screening Trial (ClinicalTrials.gov num-
ber, NCTO0002540).1* The NLST was approved by
the institutional review board at each of the 33
participating medical institutions. The study was
conducted in accordance with the protocol; both
the protocol and the statistical analysis plan are
available with the full text of this article at
NEJM.arg.

PARTICIPANTS

We enrofled participants from August 2002 through
April 2004; screening tool place from August 2002
through September 2007 Participants were fol-
lowed for events that occurred through December
31, 2009 (Big. 1 in the Supplementary Appendix,
available'at NEJM.org).

Eligible participants were between 55 and
74 years of age at the time of randomization, had
a history of cigarette smoking of at least 30 pack-
years, and, if former smoleers, had quit within the
previous 15 years. Persons who had previously re-
ceived a diagnosis of lung cancer, had undergone
chest CT within 18 months before enrollment, had
hemoptysis, or had an unexplained weight loss of
more than 6.8 kg (15 Ib) in the preceding year
were excluded. A total of 53,454 persons were
enrolled; 26,722 were randomly assigned to screen-
ing with low-dosé CT and 26,732 to screening’
with chest radiography. Previously published ar-
ticles describing the NLST®®2 reported an earoil-
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ment of 53,456 participants (26,723 in the low-
dose CT group and 26,733 in the radiography
group). The number of enrolled persons is now
reduced by 2 owing to the discovery of the dupli-
cate randomization of 2 participants.

Participants were enrolled at 1 of the 10 LSS
or 23 ACRIN centers. Before randomization, each
participant provided written informed consent.
After the participants underwent randomization,
they completed a questionnaire that covered many
topics, including demographic characteristics and
smoking behavior. The ACRIN centers collected
additional data for planned analyses of cost-effec-
tiveness, quality of life, and smoking cessation.
Participants at 15 ACRIN centers were also asked
to provide serial blood, sputum, and urine speci-
mens. Lung-cancer and other tissue specimens
were obtained at both the ACRIN and LSS centers
and were used to construct tissue microarrays. All
biospecimens are available to researchers through
4 peer-review process.

SCREENING

Participants were invited to undergo three screen-
ings (T0, T1, and T2} at t-year intervals, with the
first screening (T0) performed soon after the time
of randomizartion. Participants in whom lung can-
cer was diagnosed were not offered subsequent
screening tests. The number of lung-cancer screen-
ing tests that were performed cutside the NLST
was estimated through self-administered question-
naires that were mailed to a random subgroup of
approximately 500 participants from LSS centers
annually. Sample sizes were selected to yield a
standard error of 0.025 for the estimate of the
proportion of participants undergoing lung-cancer
screening tests outside the NLST in each group.
For participants from ACRIN centers, information
on CT examinations or chest radiography per-
formed outside the trial was obtained, bur no dara
were gathered on whether the examinations were
performed as screening tests. _

All screening examinations were performed in
accordance with a standard protocal, developed
by medical physicists associated with the trial, that
specified acceptable characteristics of the machine
and acquisition variables.***33* All low-dose CT
scans were acquired with the use of multidetector
scanners with a minimum of four channels. The
acquisition variables were chosen to reduce expo-
sure to an average effective dose of 1.5 mSv. The
average effective dose with diagnostic chest CT

varies widely but is approximately 8 mSv,1013:34
Chest radiographs were obtained with the use of
either screen-film radiography or digital equip-
ment. All the machines used for screening met
the technical standards of the American College
of Radiology.’® The use of new equipment was
allowed after certification by medical physicists.

NIST radiologists and radiologic technologists
were certified by appropriate agencies or boards
and completed training in image acquisition; ra-
diologists also completed training in image qual-
ity and standardized image interpretation. Im-
ages were interpreted first in isolation and then
in comparison with available historical images
and Images {rom prior NLST screening exami-
nations. The comparative interpretations were
used to determine the outcome of the examina-
tion. Low-dose CT scans that revealed any non-
calcified nodule measuring at least 4 mm in any
diameter and radiographic images that revealed
any noncaleified nodule or mass were classified
as positive, “suspicious for” Jung cancer. Other
zbnormalities such as adenopathy or effusion
could be classified as a positive result as well. Ab-
normalities suggesting clinically significant con-
ditions other than lung cancer also were noted,
as were minor abnormalities. At the third round
of screening (17), abnormalities suspicious for
lung cancer that were stable across the three
rounds could, according to the protocol, be clas-
sified as minor abnormalities rather than positive
results.

Results and recommendations from the inter-
preting radiologist were reported in writing to
the participant and his or her health care provider
within 4 weeks after the examination. Since there
was no standardized, scientifically validated ap-

proach to the evaluation of nodules, trial radi-

ologists. developed guidelines for diagnostic fol-
low-up, but no specific evaluation approach was
mandated.

MEDICAL-RECORD ABSTRACTION

Medical records documenting diagnostic evalua-
tion procedures and any associated complications
were obtained for participants who had positive
screening tests and for participants in whom lung
cancer.was diagnosed. Pathology and tumor-stag-
ing reports and records of operative procedures
and initial treatment were also obtained for par-
ticipants with lung cancer. Pathology reports were
obtained for other reported cancers to exclude
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the possibility that such tumors represented lung
metastases, Histologic features of the lung cancer
were coded according to the International Classifi-
cation of Diseases for Oncology, 3rd Edition ICD-0-3),35
and the disease stage was determined according
to the sixth edition of the Cancer Staging Manual of
the American Joint Committee on Cancer.2é At
ACRIN sites, additional medical records were also
obtained for a number of substudies, including
studies of health care utilization and cost-effec-
tiveness. 1t

VITAL STATUS

Participants completed a questionnaire regard-
ing vital status eirher annually (LSS participants)
or semiannually (ACRIN participants). The names
and Social Security numbers of participants who
were lost to follow-up were submitted to the Na-
tional Death Index to ascertain probable vital
status, Death certificates were obtained for par-
ticipants who were known to have died. An end-
point verification ream determined whether the
cause of death was lung cancer. Although a dis-
tinction was made between a death caused by
lung cancer and a death thar resulted from the

- diagnostic evaluation for or treatment of lung can-

cer, the deaths from the latter causes were count
ed as lung-cancer deaths in the primary end-point
analysis. The members of the team were not aware
of the group assignments (see Section 2 in the
Supplementary Appendix).

STATISTICAL ANALYS(S

The primary analysis was a comparison of lung-
cancer mortality between the two screening
groups, according to the intention-to-screen prin-
ciple. We estimated that the study would have
90% power to detect a 21% decrease in mortality
from lung cancer in the low-dose CT group, as
compzred with the radiography group. Second-
ary analyses compared the rate of death from any
cause and the incidence of lung cancer in the two
groups.

Event rates were defined zs the ratio of the
number of events to the person-years at risk for
the event. For the incidence of luag cancer, pet-
son-years were measured from the time of ran-
domization to the date of diagnosis of lung can-
cer, death, or censoring of data (whichever came
first); for the rates of death, person-years were
measured from the time of randomization to the

date of death or censoring of data (whichever

came first), The latest date for the censoring of
data on incidence of Iung cancer and on death
from any cause was December 31, 2009; the lat-
est date for the censoring of data on death from
luag cancer for the purpose of the primary end-
point analysis was January 15, 2009. The earlier
censoring date for death from lung cancer was
¢stablished 1o aliow adequate time for the review
process for deaths to be performed to the same,
thorough extent in each group. We calculared the
confidence intervals for incidence ratios assum-
ing a Poisson distribution for the number of events
and a normal distribution of the logarithm of the
ratio, using asymptotic methods. We calculared
the confidence intervals for mortality ratios with
the weighted method that was used to monitor
the primary end point of the trial,? which al-
lows for a varying rate ratio and is adjusted for
the design. The number needed to screen to pre-
vent one death from lung cancer was estimated as
the reciprocal of the rednction in the absolute rislk
of death from lung cancer in one group as com-,
pared with the other, among participants who had
at least one screening test. The analyses were pet-
formed with the use of SASISTAT® and R*? statis-
tical packages. .

Interim analyses were performed to monitor
the primary end poine for efficacy and futility,
The znalyses involved the use of a weighted log-
rank statistic, with weights increasing linearly
from no weight at randomization to full weighs
at 4 years and thereafter. Efficacy and futility
boundaries were built on the Lan-DeMets ap-
proach with an O'Brien—Fleming spending func-
tion.?® Interim analyses were performed annu-
ally from 2006 through 2009 and semiannually
in 2010.

An independent data and safety monitoring
board met every 6 months and reviewed the ac-
cumulating data, On October 20, 2010, the board

determined that a definitive result had been-

reached for the primary end point of the trial and
recommended that the results be reported.?! The
board’s decision took into consideration that the
efficacy boundary for the primary end point had
been, crossed and that there was no evidence of
unforeseen screening effects that warranted act-
ing contrary to the trial’s prespecified monitor-
ing plan. The NCI director accepted the recom-
mendation of the data and safery monitoring

board, and the trial results were announced on
November 4, 2010.
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RESULTS

CHARACTERISTICS OF THE PARTICIPANTS

The demographic characteristics and smoking his-
tory of the participants were virtually identical in
the two groups (Tzble'1). As compared with re-
spondents to a 2002-2004 U.S. Census survey of
tebacco use?? who met the NLST eligibility criteria
for age and smoling history, NLST participants
were younger, had a higher level of education,
and were more likely to be former smokers.*2 As
of December 31, 2009, vital status was known for
97% of the participants in the low-dose CT group
and 96% of those in the radiography group. The
median duration of follow-up was 6.5 years, with
a maximum duration of 7.4 years in each group.

ADHERENCE TO SCREENING

The rate of adherence to the screening protocol
across the three rounds was high: 95% in the
low-dose CT group and 93% in the radiography
group. Among LSS participants in the radiogra-
phy group, the average annual rate of helical CT
screening outside the NLST during the screening
phase of the trial was 4.3%, which was well be-
low the 10.0% rate estimated in the trial power
calculations.

RESULTS OF S_CREENING

In all three rounds, there was a substantially
higher rate of positive screening tests in the low-
dose CT group than in the radiography group
(T0, 27.3% vs. 9.2%; T1, 27.9% vs. 6.2%; and T2,
16.8% vs. 5.0%} (Table 2). The rate of positive tests
in both groups was noticeably lower at T2 than at
T0 or T1 because the NLST protocol allowed tests
showing abnormalities at T2 that were suspi-
cious for cancer but were stable across ail three
rounds to be categorized as negative with minor
abnormalities. During the screening phase of the
trial, 39.1% of the participants in the low-dose
CT group and 16.0% of those in the radiography
group had at least one positive screening result.
The percentage of all screening tests that identi-
tied a clinically significant abnormality other than
an abnormality- suspicious for lung cancer was
more than three times as high in the low-dose CT
group as in the radiography group (7.5% vs. 2.1%).

FOLLOW-UP OF POSITIVE RESULTS

More than 90% of the positive screening tests in
the first round of screening (10} led to a diagnos-

N ENGL] MED 3655
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Tabie 1. Selected Baseline Characieristics of the Study Participants.®

Characteristic {N=26,722)

Age at randomization

i <SSy 2{<0.1)

L 55-59yr 11,240 (42.8)
60-64 yr 8,170 (30.5)
6569 yr 4,750 (17.8}
7074yt 2,353 (3.8)
=75 yri 1 (<01}

Sex

Male 15,770 (59.0)
Female 10,952 {(41.0)

Race or ethnic group

White 24,289 (90.9)
Black 1,195 (4.5)
Asian 556 (2.1)
Amnetican Indian or Alaska 92{0.3)
Native
i Native Hawaiian or other 91 {0.3)
i Pacific Isiznder
§‘ More than one race or ethnic 333 (1.2}
group
Data missing 163 {0.6)
Hispanic ethnic groupi
i Hispanic or Latine ) 479 (1.8}
Neither Hispanic nor Latine 26,079 (97.6)
Data missing 164 (0.6)

Smoking status
Current 12,862 (48.1)

Former 13,860 (51.%)

Low-Dose CT Group Radiography Group.ié

{(N=26,732)

number (percent)

4 (<0.1)
11,420 (42.7)
8,198 (30.7)
4,762 (17.8)
2,345 (8.8)

3 {<0.1)

15,762 (59.0)
10,970 (41.0)

24,260 (50.8)
1,181 {4.4)
536 {2.0)
58 (0.4)

102 (0.4)
346 (1.3)

209 (0.8)

456 (1.7)
26,039 (97.4)
237 (0.9)

12,900 (48.3)
13,832 (51.7)

I
£

* CT danotes computed tomography.

.1 Patients in this age range were ineligible for inclusion in the screening trial

but were enrolled and were included in all analyses.
i Rece or ethnic group was self-reported.

tic evaluation (Table 3). Lower rates of follow-up
were seen at [ater rounds, The diagnostic evalua-
tion most often consisted of further imaging, and
invasive procedutes were performed infrequently.
Across the three rounds, 96.4% of the positive re-
sults in the low-dose CT group and 94.5% of those
in the radiography group were false positive re-
sults. These percentages varied little by round. Of
the total number of low-dose CT screening tests
in the three rounds, 24.2% were classified as pos-
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Tebis . Resufts of Three Rounds of Screening.”

Screening
Round

Low-Dose CT

Clinically Significant
Abnormality Net
Suspicious for
Lung Cancer

ro. (96 af;crr:enccf}

No or Minor
Abnormality

Total No. Positive
Screened Result

26300 7191 (273)  2605{102) 16423 {62.4)
24715 6901 (27.9) 1519 (6.1) 16,295 (65.9)
24,102 4054 (16.8) 1408 (3.8) 18,640 (77.3)

Chest Radiography

Clinically Significant
Abnormality Not
Suspicious for
Lung Cancer

no. {%ofscreen:a'j '
26015 2387 (9.2) 785 {3.0) 27,863 (87.3)
24,083 1482 (6.2) 429 (1.8) 22,178 (32.1) |
23,346 1174 (5.0) 361 {L5) 71,811 (93.4) |

Total No.  Positive
Screened Result

No or Minor !
Abnormality

* The screenings wére performed at L-year intervals, with the first screening (T0) performed soon after the time of randomization. Results of
screening tests that were technically inadequate (7 in the low-dose CT group and 26 in the radiography group, across the three screening
rounds) are not included in this table. A screening test with low-dese CT was considered to be positive if it reveaied a nodule at least 4 mm
in any diameter or other abnormalities that were suspicious for lung cancer. A screening test with chest radiography was considered to be
pusitive if it revezled a nodule or mass of any size or other abnormalities suspicious for lung cancer.
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itive and 23.3% had false positive results; of the
total number of radiographic screening tests in
the three rounds, 6.9% were classified as positive
and 6.5% had false positive results.

ADYERSE EYENTS

Adverse events from the actuzl screening exami-
nations were few and minot. The rates of compli-
cations after a diagnostic evaluation procedure for
a positive screening test (listed by category in
Table 1 in the Supplementary Appendix) were low;
the rate of at least one complication was 1.4% in
the low-dose CT group and 1.6% in the radiogra-
phy group (Table 4). A total of 0.06% of the pos-
itive screening tests in the low-dose CT group
that did not result in a diagnosis of lung cancer
and 11.2% of those that did result in a diagnosis
of lung cancer were associated with a major com-
plication after an invasive procedure; the corre-
sponding percentages in the radiography group
were 0.02% and 8.2%. The frequency of major com-
plications varied according to the type of invasive
procedure. A total of 16 participants in the low-
dose CT greup (20 of whom had lung cancer) and
10 in the radiography group (all of whom had tung
cancer) died within 60 days after an invasive diag-
nostie procedure. Although it is not known wheth-
er the complications from the diagnostic proce-
dure caused the deaths, the low frequency of death
within 60 days after the procedure suggests that
death as a result of the diagnostic evaluation of
positive screening tests is a rare occurrence.

lNClDENCE, CHARACTERISTICS, AND TREATMENT
OF LUNG CANCERS

A total of 1060 [ung cancers {645 per 100,000 per-
son-years) were diagnosed in the low-dose CT
group, as compared with 941 (572 per 100,000
person-years) in the radiography group (rate ra-
tip, 1.13; 95% confidence interval [CI], 1.03 to
1.23). In the low-dose CT group, 649 cancers were
dizgnosed after a positive screening test, 44 after
4 negative screening test, and 367 among pattici-
pants who either missed the screening or received
the diagnosis after their trial screening phase was
aver (Table 5). In the radiography group, 279 can-
cers were diagnosed after a positive screening test,
137 after a negative screening test, and 525 among
participants who either missed the screening or
received the diagnosis after their triat screening
phase was over. Figure 1A shows the cumulative
number of lung cancers through December 31,
2009, according to the screening group. Detailed
calculations of sensitivity, specificity, positive pre-
dictive value, and negative predictive value are not
reported here.

In each group, the percentage of stage IA and
stage 1B lung cancers was highest among can-
cers that were diagnosed after a positive screen-
ing test (Table 5). Fewer stage IV cancers-were
seen in the low-dose CT group than in the radi- -
ography group at the second and third screening
rounds (Table 2 in the Supplementary Appendix).
Low-dése CT screening identified a préponderance
of adenocarcinomas, including bronchioloalveolar

M ENGL| MED 3655 NEJM.ORG AUGUST 4, 201

The New England Journal of Medicine

Downloaded from nejm.org on October 8, 2011, For personal use only. No other uses without permission.
Copyright © 2011 Massachusetts Medical Society. All rights reserved.



REDUCED LUNG-CANCER MORTALITY WITH LOW-DOSE CT SCREENING

(7 DUE ‘[L 1€ §Z ‘D 38 6 PUE AnoJd | 250p-MO| 24 L) 7L 32 Tl pue “LLIE (9T ‘0L ¥ ZVT) A108a3e0 siy1 ut papnput aue dn

-upaysod 9509N|BAX0APOIONY-Jy; 5310HIP 13d DO "UOHEZ] LUOPUEI 30 3L 343 J3YE UOOS pawtoyad (o1 Fuiuaauds 1513 UL Y3 ‘S|eAIRUL ._m.v__h.ﬁ je pawoyrad atam sEuILaRIIs 3YY .

‘(dnesd AydeiBoipes ayp w71 3e

-moj[0y dysoudelp uo oL 219dWIo3L UM S1833 aanisod L

“Aydeidowicy uoissiwe

) et
(e re
(r'1) es

(T ss
(g7) 652
(o'e) 051
(61) 96
(5v) 62T
(g0) 6¢
{827 1oL

(g8 el
(o8} 262
{5g9) o0
{oze) €191
{r2s) ¥88¢
{95} 5642
{osgl Tizy

(0001) £56¥
(5'¥6) Y92y
{56 64T
{oooT) €40S

|10t

(o¢) ¥t
(g¢) vy
(1) oz
g1l 1z
(g5} z9
{Te) ot
{27) zc
{+'s) z9
{r1) et
(27€) £

(s¥) zs

(g6) €11
oz zis
{g'1¢) 59¢
{678) 906
{g°25) 859
{£7¢8) L56

{0-ooT) 6711
(v-¢6) 9601

{g9) 8/

(opotd ve1T

(AN

{7 et
{oe) v
{g0} 11
{3} 71
{geh1s
{2y
1) 6t
{gc) 95
{rols

{ra) 1e

{50 L¢

{z'¢} 501
(18} s#e
(zoe) 8¢
(599} 896
{2'6¥) t2L
{o'v2} 8201

{0001) 95K1
(a56) (T¥1
{¢) 59
(o001 zav1

1L

h.._n_m.,mn__unm uwmsu

ez ss
(Tv) 96
{50) 7z
(e0) T
{z'g) 1zt
{ze) vt
{61} v
(%) £0T
{60) 02
{62} £9

{s¢l ¢
{azt 6Lt
(259} grs 1

{6'5¢) £9%

{9:cg) o1DT
{z 09} ¥1rT
(rze) oitz

{oroot) 8vET
(s'v8) 1672
{£'q)9eT
{0001} £8€2

(g0) 2z¢
(67) 605
(e0) veT
{¢oh 211
(o) e1e
taral T
{21) dze
(g'8) 128
(schos
(v1) ¥52

(87) zze

(£8) vt
(8'6¥) £0§°8
(rvT) £PS'T
{5'25) 9pT'0T
{6'35) 0£r'0T
(Tze) 25221

{000T) Z0L'2T

(o6} z6v'sT
(9°¢} 69

(0001} op1'RY

(suz2.2d) saquinu

110 |

o1} £9 (+1) 96
{z9) ¥91 (z7) 851
(5°7) 96 {30} 95
fo0) sz (o zg
{9'5) 612 {67) £67
(Dot (ridse
(s7) 68 {#1) o6
(8%} 28T (97) 841
(50} ¥2. (£0) ¢1
(6T} vz (6'0) 03
{»2} 26 (rv) vz
{0o1) g6t {z'6) o5t
{r1v) 8091 {(¥"0€) 9v0T
{991} 059 (rs) €19

(e°15) 60OT (e€) ozsT
pse) stz (e72v) o6t
(5'¥8) zz52 {#25) 998E

{ooom) £168  (0°00T) 049
(3'76) £98¢ {o728) c549
[z 112 (r'z) o1
fooot vsor (00T 1069

1 L

10 aseqg-mo

{+"z) 89T
{27) z61
{z1) eg

(60) 03

(T¥) 16z
(32) v6r
(21) 521
{€+) s0¢
(o0 6%

{1} oz1

{27 a5t
(ot 82L
(Ues) 518
{ze1} vozl
{Trsh 2128
{z'zs) 6308
{ro6} 6959

(0'001) 6¥0£
(z06) 1765
{8°¢) 042
(0001} 1614

oL

saunpazosd saap

Aweiedeay |

Adoasodesoyy,

Awatounserpal 1o AdodsounseipIy
ainpasosd esidang

Bun1say2180/0140 Jo Asdoigq YA

Jusay 21300260 Jou Asdoig sayuaLr LIIAA
Adoosoysuoig

JpRIoyIRIXG

JIDBIOYISULR |

Asdoig a0
uoEUIWexa 2130|034, snoaueinilag

1>-134 »a4 4o 134 54a4

12153y

Aydeidorper 3sayD
uoneuiwexs SuBew
anpaooad |enm|)
dn-mo|joy ansouleip fuy

ucnEWwsCjul dn-moqjo) o1
-soueip a13)dwod yim sinsas Jujuaaios assoy

Lpaunyuea 1ou sasued Sum
paLLLYUSY Jazued Fund

$153) aApIsod [el0)

a|qeten

w'Spunoy m:_:wm._um mm:_.r o-t uy sy nsay Mc_cmwbm 504 96 dn- 30:@ u:mocw«_n g OHJEL

401

N ENGL] MED 31655 NEJM.ORG AUGUST 4, 2011

The New England Journal of Medicine

Devwnloaded from nejm.org on October &, 2011, For personal use only, No other uses without perm

isgion.

Copyright © 2011 Massachusetts Medical Society, All rights reserved.



Tie HEW

ENGLAEWD

POURNAL

of MEDICINE

2 = Complications after the Most Invasive Screening-Related Diagnostic Evaluation Procedure, According to Lung-Cancer Status.™

. Complication

Thoracotomy,

Thoracoscopy, cr
ediastinascopy

i Low-dose CT group

! Positive screening resuits for which diagnostic information 509 (100.0)

was complete

{ No complication 344 (67.6)

‘ At least one complication 165 (32.4}

‘: Mast severe complication classified as major 71{i3.9)

Mast severe complication classified as intermediate 81 (15.9)

! Most severe complication classified as minor 13 (2.6)

Death within 60 days after most invasive diagnostic 5{1.0)

procedurey

Radiegraphy group

- Positive screening results for which dizgnostic information 183 (100.0)

! was complete

: No complication 130 (62.8)

‘ At least ene complication 59 (31.2}
Mast severe complication classified as major 22 {11.6)
Mast severe camplication classified as intarmediate 12116.9)
Mast severe complication classified as minor 5{2.6)

; Death within &0 days after most invasive diagnostic 4(2.1}

praceduref

Lung Cancer Confirmed

Bron- Needle No Invasive
choscopy Bicpsy Proce‘:dure Total
number-(percent) '
76 (1000) 33 (100.0)  31{1000) 649 (100.0)
59 (30.8) 26 (78.8) 26 (83.9) 465 (71.6)
7{9.2) 7{21.2) 5(16.1) 184 (28.4)
2 (2.6) 0 216.5) 75 (11:6)
5 (6.6). 7(212) 216.5) 35 {146)
0 W 1(3.2) 14 (2.2)
4(5.3) 1(3.0) 0 10 (L5)
5 (ioo.O) 20 (100.0) 15 (100.0) 279 {100.0)
42(913). 28 (96.6) 14(933) 214 (76.7)
4(8.7) 1(3.4) 1(6.7) 65 (23.3)
1{2.2) 0 1{6.7) 24 (8.6)
2 {4.3) 1(3.4) 0 35 (12.5)
122y « 0 0 642.2)
5(10.9) 1(3.4) 1(6.7) 11 (3.9

* |n the case of muitiple evaluation procedures of the same type, the earliest is included. Complications that occurred before the most inva-
sive procedure are not included. Participants could have up to three positive screening tests and therefore may be included up to three
times in any row. Columns of procedures are arranged in decreasing order of invasiveness. In the case of the first procedure column, thora-
colorny was considered to be mere invasive than thoracoscopy, which was considered to be more invasive than mediastinoscopy.

- For patienis who did not underge an invasive procadurs, deaths ware includad if they occurred within 60 days after the positive screening result.

402

carcinomas. Although the use of the term bronchi-
oloalveclar carcinoma is no longer recommended,?
while the NLST was ongoing, the term was used
to denote in sityu, minimally invasive, or invasive
adenocarcinoma, lepidic predominant (i.e., neo-
plastic cell growth restricted to preexisting al-
veolar structure). In both groups, many adeno-
carcinomnas and squamous-cell carcinomas were
detected at either stage I or stage 11, although
the stage disteibution was more favorable in
the low-dose CT group than in the radiography
group (Tzble 6). Small-cell lung cancers were, in
general, not detected at early stages by either
low-dose CT or radiography, A total of 92.5% of
stage TA and stage IB cancers in the low-dose CT
group and 87.5% of those in the radiography
group were treated with surgery alone or surgery

N ENGL ) MED 3655

combined with chemotherapy, radiation therapy,
or both (Table 3 in the Supplementary Appendix).

LUNG-CANCER—SPECIFIC MORTALITY

After the accrual of 144,103 person-years in the
low-dose CT group and 143,368 person-years in
the radiography group, 356 and 443 deaths from
[ung cancer in the two groups, respectively, had
occurred, corresponding to rates of death from

lung cancer of 247 and 309 deaths per 100,000
person-years, respectively, and a relative reduction
in the rate of death from lung cancer with low-
dose CT screening of 20.0% (95% CI, 6.8 to 26.7;
P=0.004). Figure 1B shows the cumulative rum-
ber of deaths frém lung cancer in the two screen-
ing groups through January 15, 2009, When only
participants who underwent at least one screen-
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" REDUCED LUNG-CANCER MORTALITY WITH LOW-DOSE CT SCREENING

Lung Cancer Not Confirmed
Thaoracotomy,
Thoracescopy, or MNeedle No Invasive
Mediastinoscopy Bronchoscopy - Biopsy Pracedure Total
number (percent)
164 (100.0) 227 (100.0} 66 (100.0) 16,596 (100.0} 17,053 (100.0)
133 (84.1) 216 (95.2) 55 (85.4) 16,579 (99.9) 16,992 (99.6)
26 (15.9} 11 (4.8} 7 (10.6) 17 {0.1) 61 {0.4)
9 (5.5) 2 (0.9) 0 1(<0.1) 12 (0.1)
13 (7.9) 9 (4.0) 6(9.1) 16 (0.1) 44.(0.3)
402.4) 0 1(L5) 0 5 (<0.1)
2{1.2) 4(1.8) 0 5 (<0.1) 11 (0.1)
45 (100.0) 45 (100.0) 24 {100.0) 4,559 [100.0) 4,674 (100.0)
18 (84.4) 46 (100.0) 23 (95.8) A,551 (99.3) 4,658 (99.7)
7 {15.6) D 1(42) 8 (0.2) 16 (0.3)
122) 0 0 3{0.0) 4(0.1)
6{13.3) 0. 1{4.2) 2 (<0.1) 9(02)
0o 0 0 3 (0 3(0.1)
0 0 0 3(0.1) 3{0.1)

ing testwere included, there were 346 deaths from
lung cancer among 26,455 participants in the low-
dose CT group and 425 deaths among 26,232 par-
ticipants in the radiography group. The number

needed to screen with low-dose CT to prevent one-

death from lung cancer was 320.

OVERALL MORTALITY
There were 1877 deaths in the low-dose CT group,
as compared with 2000 déaths in the radiography
group, representing a significant reduction with
low-dose CT screening of 6.7% (95% CI, 1.2 to
13.6) in the rate of death from any cause (2 =0.02),
We were unable to obtain the death certificates
for two of the participants in the radiography
group who died, but the occurrence of death was
confirmed through a review by the end-point veri-
fication team. Although lung cancer accounted
for 24.1% of all the deaths in the trial, 60.3% of
the excess deaths in the radiography group were
- due to lung cancer (Table 7). When deaths from
lung cancer were exchudeéd from the comparison,

the reduction in overall mortality with the use of
low-dose CT dropped to 3.2% and was not sig-
nificant (P=0.28).

DESCUSSION

In the NLST, a 20.0% decrease in mortality from
lung cancer was observed in the [ow-dose CT
group 2s compared with the radiography group.
The rate of positive results was higher with low-
dose CT screening than with radiographic screen-
ing by a factor of more than 3, and low-dose CT
screening was associated with a high rate of false
positive results; however, the vast majority of false
positive results were probably due to the presence
of benign intrapulmonary lymph nodes or non-
calcified granulomas, as confirmed noninvasive-
Iy by the stability of the findings on fallow-np OT
scans. Complications from invasive diagnostic
evaluation procedures were uncommon, with death
or severe complications occurring only rarely, par-
ticularly among participants who did not have

N ENGL) MED 3655 NEJM.ORC AUGUST 4, 20M
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REDUCED LUNG-CANCER MORTALITY WITH LOW-DOSE CT SCREENING

lung cancer. The decrease in the rate of death from
any cause with the use of low-dose CT screening
suggests that such screening is not, on the whole,
deleterious.

A high rate of adherence to the screening, low
rates of lung-cancer screening outside the NLST,
and thorough ascertainment of lung cancers and
deaths contributed to the success of the NLST.
Maoreover, because there was no mandated diag-
nostic evaluation algorithm, the follow-up of posi-
tive screening tests reflected the practice patterns
at the participating medical centers, A multidis-
ciplinary team ensured that all aspects of the
NLST were conducted rigorously.

There are several limitations of the NLST. First,
as is possible in any clinical study, the findings
may be affected by the “healthy-volunteer” effect,
which can bias results such that they are more
favorable than those that will be observed when
the intervention is implemented in the commu-
nity.?* The role of this bias in our results cannot
be ascertained at this time. Second, the scanners
that are currently used are technologically more
advanced than those that were used in the trial.
This difference may mean that screeming with
today's scanners will result in a larger reduction
in the rate of death from lung cancer than was
observed in the NLST; however, the ability to de-
tect more abnormalities may result only in higher
rates of false positive results.?® Third, the NLST
was conducted at a variety of medical institutions,
many of which are recognized for their expertise
in radiology and in the diagnosis and treatment
of cancer. It is possible that community facilities
wil] be less prepared to undertake screening pro-
grams and the medical care that must be asso-
ciated with them. For example, one of the most
important [actors determining the success of
screening will be the mortality associated with
surgical resection, which was much lower in the
NLST than has been reported previously in the
general U.S. population (1% vs. 4%).2° Finally, the
reduction in the rate of death from lung cancer
associated with an ongoing low-dose CT screen-
ing program was not estimated in the NLST and
may be larger than the 20% reduction observed
with only three rounds of screening.

Radiographic screening rather than community
care (care that a participant usually receives) was
chosen as the compatator in the NLST because
radiographic screening was being evaluated in the
PLCO trial at the time the NLST was designed.*

A Lung Cancer
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i Figura 1, Cumulative Numbers of Lung Cancers and of Deaths from Lung
Cancer,

The number of lung cancers (Panel A} includes lung cancers that were di-
agnosed from the date of randomization through December 31, 2009. The |
numrber of deaths from lung cancer (Panel B) includes deaths that occurred

from the date of randomization through January 15, 2009.

The designers of the NIST reasoned that if the
PLCO trial were to show a reduction in lung-cancer
" mortzlity with radiographic screening, a trial of
Jow-dose CT screening in which a community-
care group was the control would be of less val-
ue, since the standard of care would have become
screening with chest radiography. Nevertheless,
the choice of radiography precludes a direct com-
parison of low-dose CT with community care.
Analysis of the subgroup of PLCO participants
who met the NLST criteria for age and smoking
history indicated that radiography, as compared
with community care, does not reduce mortality
from lung cancer,?” Therefore, a similar reduction

N ENGL ) MED 3655
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REDUCED LUNG-CANCER MORTALITY WITH LOW-DOSE CT SCREENING

¢ Tzble 7. Cause of Death on the Death Certificate, According to Screening Group.®

Cause of Death Low-Dose CT Group

Neoplasm of brenchus and lungy 42711865 (22.9)
‘ 416/1865 (22.3)
4861865 (26.1)
175/1865 (9.4)

12/1865 §0.6)

i Other neopiasmi
Cardiovascular illness
Respiratory illness

Complications of medical
or surgical care

| Other 349/1865 (18.7)

Radiography Group Total ’
numberftotal numbe.r (percent)
50371991 (25.3)
442/1991 (22.2)
470/1991 (23.5)
226/1991 (11.4)
711931 (0.4)

93073856 (24.1)
858/3856 (22.3)
956/3856 (24.8) |
40173856 (10.4)
19/3856 {0.5)

34311991 {17.2) 692/3856 (17.9)

* A total of 3875 death certificates were received (1877 for participants in the low-dese CT group and 1992 for those in
the radiography group), but the cause of death was unknown for 12 participants in the lew.dose CT group and 7 in
the radiography group. The denominators represent only the deaths for which the cause was known. Causes of death
were categorized according to the following codes in the Intemational Classification of Diseases, 10th Revision (1CD-103:
neoplasms of brenchus and lung, €33-C34; neoplasms other than bronchus and lung, CO0-D43 (excluding C33 and
C34); cardiovascular illness, 100-139; respiratory illness, J00-J99; complications of medical or surgical care, 500-T17.8,
T18-T99, and Y40-Y34; unkniown, R96-R99 and death certificates without a coded cause of death; and ather, all remain-

ing codes.

 The number of deaths {from neoplasm of the bronchus and lung in this table is not equal to the number of lung-cancer
deaths In the lung-cancer mortality analysis, The lung-cancer deaths included here are those that were determined from
infarmation on the death certificate only {without review by the end-point verification team) and include deaths that oc-

curred through December 31, 2009.

in lung-cancer mortality would probably have been
observed in the NLST if community care had been
chosen instead for the control group.

in addition to the high rate of false positive
results, two other potentially harmful effects of
low-dose CT screening must be mentioned. Qver-
diagnosis, a major source of controversy surround-
ing low-dose CT lung-cancer screening, results
from the detection of cancers that never would
have become symptomatic.2® Although additional
follow-up would be necessary to measure the
magnitude of overdiagnosis in the NLST, a com-
parison of the number of cancers diagnosed in the
two trial groups suggests that the magnitude of

overdiagnosis with low-dose CT as compared with

radiographic screening is not large. The other
harmful effect, the association .of low-dose CT
with the development of radiation-induced can-
cers, could not be measured directly, is a long-
term phenomenon, and must be assessed in fu-
ture analyses.?®

A number of smaller, randgmized trials of low-
dose CT screening are under way in Europe. 3936
Because none of these trials have sufficient sta-
tistical power to detect a reduction in lung-cail-
cer mortality of the magnitude seen in the NLST,
it is expected that meta-analyses of the findings
from these trials will be performed. The Euro-

pean studies are gathering types of data that were
not collected by the NLST and will be able to
address' additional questions about low-dose CT
screening, including the best strategies for the
management of nodules observed with screening >

The observation that low-dose CT screening
can reduce the rate of death from lung cancer has
generated many guestions. Will pepulations with
risk profiles that are different from those of the
NLST participants benefit? Are less frequent
screening regimens equally effective? For how long
should screening continue? Would the use of dif-
ferent criteria for a positive screening result, such
as a larger nodule diameter, still result in a ben-
efit? It is unlikely that large, definitive, random-
ized trials will be undertaken to answer these
questions, but modeling and microsimulation can
be used to address them. Although some agencies
and organizations are contemplating the estab-
lishment of lung-cancer screening recommenda-
tions on the basis of the findings of the NLST, the
current NLST data alone are, in our opinion, in-
sufficient to fully inform such important decisions.

Before public policy recommendations are craft-
ed, the cosr-effectiveness of low-dose CT screen-
ing must be rigorously analyzed. The reduction
in lung-cancer mortality must be weighed against
the harms from positive screening results and
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overdiagnosis, as well as the costs. The cost com-
ponent of low-dose CT screening includes not only
the screening exarmination itself but also the di-
agnostic follow-up and treatment, The benefits,
harms, and costs of screening will all depend on
the way in which low-dose CT screening is im-
plemented, specifically in regard to the eligibility
criteria, screening frequency, interpretation thresh-
old, diagnostic follow-up, and treatment. For ex-
ample, although there are currently only about
7 miblion persons in the United States who would
mieet the eligibility criteria for the NLST, there are
94 million current or former smokers® and many
more with secondhand exposure to smoke or other
risk factors. The cost-effectiveness of low-dose CT
screening must also be considered in the context
of competing interventions, particularly smoking
cessation., NLST investigators are currently ana-
lyzing the quality-of-life effects, costs, and cost-
effectiveness of screening in the NLST and are
planning collaborations with the Cancer Interven-
tion and Surveillance Modeling Network to inves-

tigate the potential effect of low-dose CT screen-

ing in a wide range of scenarios.
Other strategies for early detection of lung can-
cer —— in particular, molecular markers in blood,

MEDICINE

mens that were obtained as part of ACRIN's
NLST activities and are available to the research
community — may one day help select persons
who are best suited for low-dose CT screening ar
identify persons with positive low-dose CT screen-
ing tests who should undergo more rigorous di-

agnostic evaluation.
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