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O the alleged human carcinogenecity of beryllinm

Dimitrios Trchapoulos, MD*

The Threshold Limit Values Commitice of the American Conference of Governmental
Indistrin] Hygienises (ACGLH) has stated, in a 1599 drft document, that it ... fieels that
the weight of evidence supperts the view that beryllium is 2 confinmed human
carcinogen. However, only persons exposed at levels similar o those that existed in the
Lerun and Reading plants in the *40s would be o2 significant risk of developing lung
cancee”. The concentration e Lorain and Reading as quoted in the ACGIH document wis
1,000 pgfrn’, & contrusted o less tan $ ug'm’ in todiy's plants. MacMalion hes noted
that even il the conceninitions in Lomin and Reading . were cascinogenic, their
relevance 10 occupational experience of the last three decades is nil” {1¥**, Yat, the
acndemic question whether berylliem concentrutions more than hundred times higher
than thise currenily found in the beryllium industry could cause canger in humans
prececupies major scientific bodies. What makes the issue olf but mcomprehensible 1s
thint the evidence for humen carcinngenicity, from even extrems concentrtions of
beryllium, is the weakeat over advanced for any compaund that hes been churactesized as
& bumnn carcinogen. There 15 elso gencral agreement that, wmung workers cmployed in
beryllium planis after 1959, the avernll rsk of death from lung cancer i5, if anything,

lower than the natioeal uverage, perhaps sipnificantly so (1, 2).
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Authortutive evalistions of whetber occuptionsl exposwe 1o beryllian compousds
inereases the M3k of lung cavcer, published until 1987, were generally critical of the
quality of the evidence availshle up 1o that time, Indeed, the authors of the early
beryllium und cancer studies were criticized in CDC nod FPA docwments for their
tendency to under-emphasize gr atiack any fndings inconsistent with the hypothesis thae
beryllium is carcinogenic 1o humans (quated in 11, Thus, studizs published nfter 1987
should have genesated indispiiable results, in order to lead 10.8 revision of the regulntony
status of berylliuem ard its compounds, There were two major studics (2,3} on the
carcinogeticity of bervllium published during the last decades and not even their guthors
were 18 defititive in their conclusions ms weae soiie major scientific bodies that invoked

themn (4],

The IARC repost (4) suggests that post 1987 beryllivm and lung cancer stedies represent
only the latest contribution o an accumulating body of human evidenes on the topic.
Fowever, the six relrospective cohort investipations reviewed in the 1AHC minograph do
e provide indepenicdent evidence, because they all wtifize lurgely overlapping groups of
wirkers from the same study base. The bivestigation by Werd and her colleapues (2) is
simply the most recent, mast powerfil and most reliable. The results of tis atudy,
lrowever, do not complement those of the five previous retraspective cohor
investigations, they simply overrids them. The investigation by Steenlund and Ward (3} is
a sound analysis af datn from the Beryllium Case Registry, that was crested with little
control over the enormous poteatinl for selection and confounding bins, Moreaver, the

tudy buse of the Steentund and Ward analysis (3) is wlso larpely subsursed in that of the

study by Ward er alf (23 Had the study of Ward ef af been interpreted n “negative”, thers
warulid be litile epidemiclogical evidence to tneriminate beryllium as o cause of hurman

lung carces, wnd the results of this study were mnything but conclsive

Ho sther compound or &gent has been considersd ns carcinogenic on the basis of & slight
relusive risk elevation reported ofter mvultiple annlyses relying on essentially the sime
study base. The reported margingl incrense of lung cancer risk (relative risk 126} would
have merited serious consideration had it ot been largely eonfounded by tobaceo
smolking, e the authors of the best of these stubies readily admit (2). Tobseca smoking is
u powerful ciuse of lung cancer and wis estimated ns being more frequent among
beryllivm workers than in the population at large, The authors of the Werd ef of study (2)
wsed an indirect method to achleve some dogres of adjustment for smolang, but this
methisd cuanot ke into scoount factoss such as duration of the smoking hebit and other
impenent smoking-related variables, Even this partial control, however, reduced the
relative sk from 136 to o non-significant 1,12, 0 mare than 50% redisction of excess
nisk, This i% in vself s warning sign of residial confounding by the factar pastinily
coamrolled for, that i3, the indirectly estimated smoking (5} The lack of an osseciation
belween risk of lng eancer wd durntion of exposire 1o berylliem also argues ag=inst n
catal link betwesn thess twa entities (1),

This is the first time that 0 noa-significant end partally confounded 129 excess risk
derived fram a single stsdy has been invoked to chumcterize & campound, ngeat or

process 03 deflnitively carcinogenic, This excess ik is anly one third 3 large a5 the




increment sttributed 10 phesive smoking and the latier estimate is derved fom o meta-
analysis of some 30 studies (6). The 12% excess nak is also substantially lower than the
meta-analyses derived extess risk linking red meat infake 10 celorestel cancer, extremely
low Treyquency magnetic ficlds o childhood lsukemia and coffee infoke o bladder or
wverinn cancer, sventhough none of these npents has been designated &s defimtively

eireinogenie by any official agency.

Inthe study by Wasd eral (2), workers from seven beryilivm processing plams were
included, but afier adiustment, however partial, for fohocco smoking, the excess risk for
lung cancer remained significantly elevated, at o relntive risk of 1,49, anly nmong the
werkers of the oldest plant, that in Lorsin, Ohio. Ttis the excess risk in the Lomin plapt
that is mostly respansible for the overall non significant 1.12 relative risk among ail
waorkers combined. For the Reading workers the relative nsk was oaly 1.09 {p0.35) and
among the recnnining plants it was exsctly 100 (2, 6). The erucial question posed hy
these dats is: “What process or cireumsianos was unique or unusial in the Losin plani,
that cowld have affected the incidence of lung cancer?”,

’
The Larain plant wis tn apesation from 1936 to 1948, when it was destroved by fire,
During this period, the plant st Lomin wes the only commercial beryllum plant thar used
& qulfusic asid-depended process with limited ventilation, becawe the ocoupational
inbatation risk essociated with air-bom berylliun {preumonitis) had not yet been
established, There ure no extant measurements of sulfuric acid mists and fumes ot the

Larnin plant, but existing duts indicate that concentrations of sulfuric peid were ns high as

subjectively talerable (8). Oecupations] exposures (o mists and fummes Fram sulfurle agid
and other strong inorgue acids have now been conclusively esizblished us carclnogenic
b humnns (7). Beeause the beryllium exposuse wiss universal in the beryllium PrOCessing
plants, but s sulfuric peid-depsided provess with limited ventilation wos unique in
Larun, which was the only plant charncterized by o significantly increased incidence of
lung cancer (afler partial adjustment for tobacen smoking), it can be infirred that sul furic
acid mists were responsible for the excess incidence of lung cancer in Lomin (6), Tt
abould also be noted that the trivial risk elevation in Reading, afier partial adjustment far
tobacce snoking (relative risk 1.0%), could be reflecting either residun] confourding by
smaking, of confeunding by hydrofluoric acid miss that wers present in that plant due 1o
peror ventilstion, of both, Shifting the eophasis fom beryllivm 0 acid mists has SITOnE
peecedents. Monufactuse of isopropancl by the strong-acid process had besn evaluated
eslicr a5 in “exposure ciroumsiance”, as had exposure to lead-acid battery manufactiurs,
befere abtention was focused on acid mists und fumes (8, 7). | argue, therefors, that the
process and circumttances ol the Logain plant were probably carcinogenic to humsns
The sppurent effect of “Peryllium and beryllium compaunds” was the result of exposure
b exeeasive tobacco smoeking i all plans s te sulfurdc acid mist and fumes in the

Lomin plant, the [atier factors acting as typical confounding varishles (6}

Some bave argued tha the study by Steenland and Ward (3) 1sing the petional Beryllius
Cuse Registry supports the hypathesis Ut beryllium is carcinogenic to humans, because
the relative risk for lung cancers wmong thoss in the registry was twice the eipeotad.
Moreover, patients registered with nowte berylliem disease, which i3 coused by higher




beryliium exposie, had higher relative nisic for lung cancer than thuse registened with
chronic beryllivm disense, that may sccur even afler expasure 10 modemnte levels of
beryllium (relative risks 2.3 and 1.6, respectively). However, smoking nmong the patienss
i the regestry wis ascertained when they already bad respiratory diseass, [t is well
known that & substantial fraction of smokers stops smoking ss seon as they develop lung
diseuse wnd iymoring this [s equivalent to assuming that thoss who stopped smoking
immediately eliminnte theit excens risk for lung cancer. In addinan, the excess risk for
lung cancer among patients with aeule preumonitis in the Beryllium Case Registry was
restnicted to workers from the Lonin plant, whereas patients with acute pneumonitis from
other plunis did not have en excess lung cancer risk (1) 10 secms aguin that Lomin was
unuzual and it is not & ceingidence thot seule poeumanitis, ws well 25 lung concer, can be

cawsied by mists and fumes from sulfuric neid (8, 7).

Cemeliaxion

The studies by Waord or af (2], mad Steentand wnd Ward {3) were adequalely conducted
i analyzed, given the canstrains imposed by the study design (inaccessible study
subjects and relinngs on recordad information). The copctusions drown from them,
however, did ot take into eecount the powerful confounding of tebacca smaking that
crnnot be fully secounted for with indirect techniques. Moreover, the authors of these
twi studies were net awire of the unusual circumstances prevailing in the Lorain plant
and did not tke into account the confaunding that could be genemted by the carcinogenic

potentinl of strong inorganic acids wed for beryllium extraction.
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