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Attachment 5.7

The Epidemiological Evidence on the
Carcinogenicity of Beryllium in

Humans

Brian MacMahon, MD, PhD

Authoritative reviews of the question of whether occupational exposure to
beryllium compounds is associated with increased risk of respiratory cancer
were published in 1987 and were critical of the quality of the evidence
available up to that time. No clear conclusion could be drawn Sfrom it as to0
the carcinogenicity of beryllium to humans. If studies published since 1987
are to lead 1o a revision of the regulatory status of bervilium compounds they
must clearly be of high quality and scientific validity. These studies, as well
as the earlier reports. are reviewed here. | argue that the small and incon-
sistent excess of lung cancer deaths in employees of one or two plants seen
1n 1wo post-1987 studies is compatible with a number of explanations other
than that they are atributable to occupational exposure to bervilium. Spe-
cificaliv. information on cigarette smoking 15 poor. and the daia do not exist
1o rule out the possibility that the small number of excess deaths results from
restdual confounding by cigarette smoking patierns in the populations stud-
1ed. Indeed. excess deaths from emphysema and i1schermia heart disease in
the same cohort suggest that confounding by cigarette smoking is @ more
hikelv explanation of the lung cancer excess than 15 occupational exposure 10
bervilium compounds.
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1s Heary Pickening Walcont Professor of Epidemuology. Emeritus

Address correspondence to: Brua MacMabon. MD. PaD. 677 Hunungton Avenue, Boston,
MA 02115

0096-1736/94/3601-00153%03.00/0

Copynght € by Amencan College of Occupatiosal and Eavironmental Mediaine

ince the mid-1930s the relationship
between exposure to bervilium com-
pounds and various nonmalignant
diseases of the lungs—particularly
acute chemical pneumonitis and
chronic berylliosis—has been the ob-
Ject of intense investigation of its clin-
ical, epidemiological, and immuno-
logical aspects.' Considerable progress
has been made. leading to an impor-
tant understanding of the pathogen-
esis and practical methods for the pre-
vention and treatment of this group
of diseases.’ On the other hand., fewer
investigators have concerned them-
selves with the possible link between
beryllium exposure and malignant
disease of the lung, and progress in
understanding this relationship, if in-
deed it exists in humans, has been
nonexistent.

There is a useful dichotomy with
respect to the epidemiological studies
of cancer and beryllium exposure in
humans between those reported be-
fore 1987 and those reported subse-
quent to that year. Studies of beryl-
lium exposure and lung cancer risk
undertaken between the mid-1960s
and the early 1980s were reviewed by
a number of national® and
international**® groups in 1987 and
were found to provide an inadequate
basis for coming to a judgment as to
the carcinogenicity of beryllium for
humans. Two more recent studies,
both under the auspices of the Na-
tiopal Institute for Occupational
Safety and Health (NIOSH).*’ have
been of good quality, but the interpre-
1ation of their findings is controver-
sial. The International Agency for Re-
search on Cancer (IARC) is reviewing
once again the question of the carcin-
ogenicity of beryllium compounds in



both humans and other species. The
current JARC classification of beryl-
lium and its compounds with respect
to carcinogenic risk to humans (with-
out further specification of the com-
pounds) is 2A (“probably carcino-
genic to humans”™), a judgment based
primarily on the accepted carcinogen-
icity of some beryllium compounds in
some species of laboratory animals by
some routes of administration. Given
the rather unfavorable reviews of the
epidemiological work appearing be-
fore 1987, it seems that any change in
this classification must be highly de-
pendent on the studies published since
that ime, and this review will focus
on the epidemiological studies pub-
lished since 1987. However, the draft
IARC repont suggests that the post-
1987 studies represent only the latest
contribution to an accumulating body
of evidence on the topic. Before fo-
cusing on the latest studies, it seems
necessary therefore to consider the
evidence available prior to 1987.

Studies Prior to 1987

The Studies of Mancuso and His
Colleagues

The carly studies of Mancuso and
his colleagues®™'' must be menuoned,
although a poor descripuon of meth-
ods and inadequate stausucal tech-
nique make almost valueless the in-
formauon to be denved from these
studies. Mancuso deserves credit for
drawing attenuon 10 a resource that
only 1n hus ume was becoming avail-
able. He used the records of the Social
Secunty Administrauon (SSA), estab-
lished 1n 1937, 10 create Lists of work-
ers emploved 1o two bervilium com-
panues in Ohio and Pennsylvania from
the Quarterly Earming Reports
{QERs) filed under law by the com-
panies The plants were the Lorain,
OH. plant of the Brush Beryllium
Company (now Brush Wellman, Inc.)
and the Reading. PA, plant of Kaw-
ecku Berylco Industnes (now NGK
Metals of Japan). Through records of
conunued payments or filings for
death benefits, reasonably complete
ascertainment could be made of the

vital status of the persons on these
Lists. Enquines of the states wherein
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the deaths occurred led in a high pro-
portion of cases to the obtainment of
copies of death certificates. including
classifications of causes of death.

In the first of these studies. 3685
white male empioyees who were re-
ported on QERs between 1937 and
1948 were assembied into successive
3-year cohorts according to year of
first employment and followed for 22
vears or to 1966.* The number of
deaths overall and cause of death were
compared between the two plants and
with those in a cohort of workers in
the rubber industry, also assembled
from SSA files. The high turnover rate
of the beryllium workers was noted—
only 22% worked for more than 2
years. This paper lays stress on the
difficulties and inaccuracies of these
sources of information (when used as
sole source documents) and the fre-
quent discordance between informa-
tion from death certificates and that
in the Bervllium Case Registry, estab-
lished 1n 1952. The paper also reveals
the authors’ lack of experience with
appropnate methods of stanstical
analysis of this kind of material. With
respect 10 lung cancer. the only obser-
vation of note 1s of a “slightly higher”
rate 1n each of the bervlhium plants in
companson to that in the rubber
workers. No significance tests were
applied. and neither 1n this nor in any
other of Mancuso's studies was any
account taken of the possible coo-
founding effect of smoking Nor in
any of Mancuso's papers was apy es-
umate made of the compieteness of
mortality ascertainment through the
SSA system.

- Funther analvses of these data pub-
lished 1n 1970° and 1979'° are practi-
cally uninterpretable because of the
methodological problems referred to
above. However. it dud appear that the
nsk of lung cancer was tugher among
those who worked 1n 1-5 quarers
than 1n those who worked for 6 or
more quarters—i.c.. i1n short-term
employees. Moreover, withun the cat-
egory of employees reported in only
1-5 quarters. the risk seems to be
concentrated among those working
the fewest oumber of quarters-—a phe-
nomenon that seems to be directly
opposite to that expected if it is to be
explained 1n terms of occupational ex-

posure to beryllium. Mancuso also
claimed. based on 6 deaths among 142
cases of respiratory illness reported to
the Atomic Energy Commission, that
patients with benign bervilium dis-
cases were at particularly high risk for
lung cancer.

The follow-up of the two bervilium
cohorts was updated to 1976 and re-
ported in 1980."" A cohort of employ-
ees in the viscose rayon plant over the
same period was used as a comparison
group. Mortality rates specific for age
and duration of employment derived
from the viscose ravon cohort were
applied to the bervllium cohorts to
estimate the expected number of
deaths from lung cancer. Two sets of
expected numbers are shown-—one
based on all members of the ravon
cobort and the other on members of
the cohort who stayed in the same
department throughout their employ-
ment in the plant. Use of these two
expected values brings an unnecessary
complication into the analysis, and
they do not resolve the problem it
seems they were intended to—that is,
that the high lung cancer risk of be-
ryllium workers may be related to
some characteristic or characteristics
associated with short-term employ-
ment. However, it is short duration of
employment in the plants that char-
acterizes the beryllium workers, not
short durations of employment in one
department of a plant. Nevertheless,
the number of lung cancer deaths in
the beryllium cohorts exceeds both
expected vaiues by about 50%. The
differences berween expected and ob-
served are said to be statistically sig-
nificant, but the significance is over-
esumated by the method used, since
no account is taken of the variability
1o the rates in the rayon cohort that
are used to compute the expected val-
ues. Reproducing tables from another,
not readily accessible publication in
which U.S. rates were used to com-
pute expected values,’® the author
shows that the excess of lung cancer
deaths occurred only after latencies of
15 years or more, although it should
be noted that this experience ac-
counted for the great majority of the
total person-years.

The Mancuso studies, and in par-
ticular the 1979 and 1980 studies, are



criticized in detail in the Environmen-
tal Protection Agency (EPA) 1987
Health Assessment Document for Be-
rvllium.* The document suggests that
at least some of Mancuso’s analyses
used the NIOSH life-table program,
although there is no mention of this
in the Mancuso papers. If the NIOSH
program was used. then the expected
numbers are underestimated by ap-
proximately 11% because of use of
Inappropnate population death rates,
as discussed below in the context of
the study of Wagoner et al.'? Dr. Jean
French. a NIOSH epidemiologist, re-
ported that NIOSH reanalyzed the
Mancuso data on the beryllium and
viscose ravon workers and found “se-
rious problems™ with the Mancuso
analysis. The EPA was unable to ob-
tain the results of the analysis from
NIOSH. and the discrepancy could
not be resolved *™® ™% The EPA's
evaluation also expressed reservations
about the adequacy of the age adjust-
ment 1n Mancuso's analysis but be-
cause of lack of access to the data was
unable to determine the magnitude of
the effect of the deficiencies. The re-
port also comments on the lack of
discussion of the confounding effects
of smoking. EPA concludes:

... despnte the author's certainty
regarding the existence of a causal
relatonship between bervilium ex-
posure and lung cancer, the ewi-
dence presented 10 thus study is not
convincing because of the many
LUmitauons of the study., as de-
scnibed above. Hence 1t would ap-
pear that the study 1s at best only
suggesuve of an increased nsk of
lung cancer due 1o exposure to be-
nvlbum. (pp. 7-51)

The NIOSH Studies of Occupational
Cohorts

A senes of studies of workers em-
ploved 10 beryllium production facil-
1ues was first reported by Bayliss et al.
in 1971.7 lmually, the senes encom-
passed 10.356 current and past em-
ployees of the Brush Beryllium Com-
pany and Kawecks Berylco Industries,
the only North Amencan producers
of berylium. After removal of 2153
workers whose records were inade-
Quate. 1130 females and some other

smaller groups, a study cohort of 6818
males was assembled. The cohort was
followed through 31 December 1967,
and 777 deaths were identified. This
number of deaths was fewer than the
approximately 842 expected on the
basis of death rates for males in the
U.S. population, a fact that was attrib-
uted to the healthy worker effect.
There was no elevated risk of lung
cancer overall 1n the cohort (obs = 36,
exp = 34.1) and no excess risk in
relaton to length of employment,
date of first employment, or whether
the employee worked in an office or
in producuon. However, the data
were not analyzed for a relationship
to latency (the interval between first
employment and the period of obser-
vation), a vanable on which subse-
quent invesugators place considerable
emphasis. There were no significant
excess nsks from any other cancers in
this cohort.

Subsequent  versions of this
studv!*'*"* excluded more and more
plants. until the latest (1980) version
was based solely on the emplovees of
a single large plant 1n Reading, PA."
This panng down was said 1o be done
for the purposes of tmproving the
quality of the dawa and to ensure suf-
fictent numbers of emplovees with
long latent penods. These are valid
reasons for such an operauon, but it
1s difficult 10 ensure—and to convince
others—that in the process. when the
contents of the data are known to the
individual doing the panng. that sets
of data that were supporuve of a par-
ucular hypothesis were not preferen-
ually retained over sets that did not.

The latest version of thus study'? is
based on 3055 white males empioyed
for at least | day berween | January
1942 and 31 December 1967. Follow-
up was attempted through a vanety of
mechamisms to | January 1976 and
was compieted for all but 3% of indi-
viduals. Eight hundred seventy-five
deaths were 1denufied (817 expected),
of which 47 were attnbuted to lung
cancer (34.3 expecied). The excess of
deaths from lung cancer was statisti-
cally significant. Observauons with a
laiency penod of 25 years or more
showed an almost doubling of the
lung cancer nsk, which was statisti-
cally significant. A latency of 15-24

X

years was associated with an excess
number of cases (obs = 18, exp =
14.1), which was not. however, statis-
tically significant. The excess was lim-
ited 1o workers employed for less than
5 years; but the numbers of men em-
ployed for longer periods was quite
small. There was no excess of cancers
other than of the lung—indeed. the
total numbers of cancers (including
lung) were quite similar (obs = 143,
exp = 136.2).

As noted, this paper was finally
published in 1980. but successive
drafts began 1o appear in 1977 and
formed the crux of the epidemiologi-
cal evidence before the OSHA Ad-
ministrative Law Hearing in 1977."*
The drafts and the final paper were
extensively cniticized by industry con-
sultants, by an Internal Review Group
within the Centers for Disease Control
(NIOSH’s parent agency), and by the
onginal senior author himself.'* These
and other criticisms are assembled
and extensively addressed in the 1987
EPA Health Assessment Document.
The principal points are as follows:

1. Annual lung cancer death rates
in the general population were not
available at the time of the study for
the years after 1967. For the period
1968-75, the authors assumed that
the rates for 1967 prevailed. Since
lung cancer rates were increasing dur-
ing this period of time, this resulted
in an underestimate of the expected
number of lung cancer deaths, the size
of which the EPA (1987) estimated at
11%, a figure close to that estimated
by consultants to Brush Weliman, us-
ing an independent computer pro-
gram. Correction for this error alone
was sufficient 1o eliminate the statis-
tical significance of the difference be-
tween expected and observed num-
bers of deaths.

2. The effect of confounding by the
higher prevaleace of cigarette smok-
ing in the cohort relative 10 the general
U.S. population was underestimated.
A Public Health Service survey of 379
employees currently employed at the
plant in 1968 indicated that the fre-
quency of heavy smokers among them
was higher than in the national data
(21.4 and 15.3%, respectively). Wa-
goner et al. esumated that the distri-
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bution of cigarette smoking patterns
in the plant, compared to the U.S.
general population, might have in-
creased the risk of lung cancer by
14%, which they dismissed as an ex-
planation of the increased lung cancer
nisk. The estimate of 14% is highly
dependent on a number of assump-
uons, including those of the relative
risks associated with various smoking
categories. Wagoner et al. used the
data of Hammond'’ for this purpose,
but there are many other possibilities.
Depending on the assumptions, the
EPA (1987) estimates a range of 4.6
to 18.8% in the underestimate of ex-
pected deaths.
3. One individual who died of lung
cancer was added to the cohort in a
late draft of the paper, probably on
the basis of his appearance on a QER.
Company records show that he was
hired for the purpose of taking a pre-
employment physical examination.
which he did not pass. He was termi-
nated the same day but was paid for
the ime spent in the examination and
therefore was reported on the QER.
His companvy record (of which
NIOSH had a copy) ciearly states that
he “did not pass chest x-ray.” Bayliss
ongnally excluded this individual
from the cohort. but the individual
was subsequently added back to the
cohort by the other invesugators. The
addiuon of this one case makes the
difference between observed lung can-
cer deaths and the authors' own esti-
mate of expected deaths formally sig-
nificant. whereas without it the differ-
ence 15 not formallv significant. EPA
presents a table 1n which this individ-
ual has been excluded. the expected
values adjusted for the underesuma-
tuon of general population rates and
for the 4.1% (the minimal estimate)
due to0 cigarente smoking patierns.
Overall. the expected number of lung
cancersis 41.9 and the observed is 46.
There 1s no significant difference be-
tween observed and expected values
in this table for any category of la-
lcnc_v."“""”‘

There are 100 many other criticisms
of this paper (amply reviewed in the
EPA document) to recount here. Per-
haps most disturbing, however. is the
irmpression one gets from the succes-
sive drafts of the paper of the authors'
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determination to “make a case” for
the carcinogenicity of beryllium,
rather than to objectively assemble the
facts. For example, the nonemployee
Just referred to remains in the final
publication, although the inappro-
pnateness of this was pointed out to
the investigators at an early stage. He
was the only individual added be-
tween two successive iterations of the
data set. The underestimate of ex-
pected deaths because of use of inap-
propriate population mortality rates
was not acknowiedged by the authors
at first, even after it had been pointed
out to them. This tendency of the
authors was noted not only by outside
reviewers of the successive drafts but
by the CDC Internal Review Com-
mirtee in several memoranda to the
authors. One such memorandum, for
exampile, refers to

... the authors’ tendency to un-
der-emphasize, anack, or explain
away, any findings which are incon-
sistent with the hypothesis that be-
ryllium 1s carcinogenic. (p. 2)

and

After repeated requests by the
Panel. there has been some “toning
down™ of the paper's commentary,
but the enthusiasm of the authors
for the posiuon that beryllium is
unequivocally carcinogenic in man
is readily apparent to the reader. (p.
3)|l

The EPA document reads as follows:

To summanze, 1t appears that
the authors of the Wagonper et al.
(1980) study tended 10 exaggerate
the nsk of lung cancer 1o the pop-
ulauon of workers potenually ex-
posed 10 bervibum. and underem-
phasized or did not duscuss suffi-
ciendy the shortcomings of the
study The net effect was to turn a
“noasgnificant  assoclaton”™ of
lung cancer with berylbum expo-
sure into a Quesuonable “significant
associauon.” (pp 7-39)

The Berylium Case Registry Study
Infante, Wagoner. and Sprince un-
dertook 1o 1980 a follow-up study of
patients eanrolled 1o the Beryllium
Case Repsuy." This study is men-
toned here for the sake of complete-

ness, since it was part of the evidence
considered by review groups during
the 1980s. However, numbers were
small, and the evidence in isolation
would have carried little weight. The
study has been extended by Steenland
and Ward,® and a description of the
up-dated study appears below.

Summaries of the Evidence Prior to
1987

Both the EPA and IARC reviewed
in 1987 the evidence with respect to
the carcinogenicity of beryllium in hu-
mans. It is clear that neither agency
was willing at that time to categorize
beryllium as carcinogenic to humans.
The LARC Monographs, both in 1980*
and again in 1987,° categorized “be-
ryllium and beryllium compounds™
into category 2A (“probably carcino-
genic to humans™), primarily on the
basis of the animal studies. The evi-
dence of carcinogenicity of beryllium
in humans was described as “limited.”
The EPA in 1987 used a somewhat
different terminology. To quote from
the EPA’s summary*:

Epidemiologic  studies provide
equivocal conclusions on the car-
cinogenicity of beryllium and be-
rylium compounds. Early epide-
miologic studies of beryllium ex-
posed workers (see IARC, 1972,
1980; Bayliss et al., 1971; Bayliss
and Lainhart, 1972) do not report
positive evidence for increased can-
cer incidence. However, recent
studies do report a significantly in-
creased risk of lung cancer in ex-
posed workers. The absence of be-
ryllium exposure levels and a dem-
onstrated concern about possible
confounding factors within the
workplace make the reported posi-
tive correlations between beryllium
exposure and increased risk of can-
cer difficult to substantiate. This
relegates the reported statistically
significant increase of lung cancer
10, at best, an elevated incidence
that is not statistically significant.

Because of these limitations, the

EPA (US. EPA, 1986) considers

the available epidemiologic evi-

dence to be “inadequate” to sup-

port or refute the existence of a
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carcinogenic hazard for humans ex-
posed to beryllium.

This designation of the epidemi-
ologic data as “inadequate” differs
from that of the International
Agency for Research on Cancer
(IARC. 1980) which concluded that
the epidemiologic data provides
“limited” evidence for the carcino-
genicity of bervilium. In the EPA
evaluation, more recent unpub-
lished tabulations and analysis of
the earlier study cohorts that cor-
rect for errors in the data base and
the National Institute for Occupa-
tional Safety and Health (NIOSH)
Life-Table program were included.
Use of this newer data provides a
basis 10 change (1n a direction away
from a judgment of carcinogenic-
1ity) the weight-of-evidence conclu-
sion for the human data. (pp. 2-7)
(parentheses added)

It should be pointed out that the
“earher studies™ referred to in the sec-
ond paragraph of this quotation are
not the “Early epidemiologic studies™
referred 10 at the beginning of the first
paragraph. but rather the study of Wa-
goner et al. published in 1980.'° which
was the mainstay of such evidence as
there was at that ume for the carcin-
ogenicity of bervlium 1o humans. The
“errors in the data base and the ...
NIOSH . .. Lufe-Table program™ refer
specifically to that study.

My own evaluaton of the evidence
up to 1987 1s perhaps evident from
the comments above on those speafic
studies that had presented positive as-
sociauons. The EPA’'s term, “inade-
quate.” seems a better descriptor of
the matenal than the IARC's term.
“hmited.” It follows that studies pub-
lished since 1987 must carry consid-
erabie weight if they are 1o be the basis
for a reclassificauon of beryllium as a
human caranogen.

Studies after 1987

There are only two tmportant epi-
demiolope studies published since
1987 relaung 1o lung cancer nisk in
berylhum-exposed persoas.

Steenland and Ward, 1991

Steenland and Ward followed pa-
uents enrolied 1n the national Beryl-

lium Case Registry (BCR) since it was
opened in 1952. In the late 1970s.
when the registry was copied by
NIOSH, it contained 888 records.
From these. and a “handful™ added 10
the registry after 1980, patients who
were dead at the time of enrollment
or missing crucial follow-up informa-
tion, and a few whose disease or ex-
posure status were uncertain, were ex-
cluded, leaving 689 who were fol-
lowed. It is unclear when accessions
to the registry ceased. but 70% of the
patients were enrolled before 1960
and 89% before 1970. Follow-up was
by a number of nauonal record-link-
age resources and attemnpts at personal
coniact. Ninety-five percent were fol-
lowed 10 death or were known to be
living in 1988. Numbers of deaths by
cause were compared with expected
values based on U.S. rates specific for
age, race, sex. and calendar ume. In
most of the earlier studies described
above the esumate of the ratio of the
nisk 1o the exposed cohort to that in
the unexposed or companson group
has been referred 10 as the “relative
nsk™ (RR) or “nsk rauo™ (RR). In the
more recent studies now 10 be de-
scribed, the authors have used the
term “standardized monality ratio”
{SMR) 10 1denufy the same ratio, and
we have retained their terminoiogy. In
this context. RR and SMR can be
used 1nterchangeably.

Not surpnsiogly. there was a very
large number of deaths from pneu-
moconioses and other respiratory dis-
case; these accounted for 37% of all
deaths—34 umes the expected num-
ber. There were 28 deaths from lung
cancer. compared to 14 expected. giv-
ingan SMR of 20 with Cl = [.3-2.9.

There was no apparent association
with latency 10 these data. The SMRs
for person-years withun 20 vears of
exposure and those for person-years
more than 20 years after exposure
were simular: 2.0 (Cl = 0.9-3.6) and
2.0 (Cl = 1.2-3.2), respecuvely. This
finding 15 a1 vanance with the findings
in other studies in which positive as-
socitauons have been found; it is not
commented oo by the authors.

Daua on tobacco smoking were ob-
tained as of 1965 for 32% of the co-
hort They suggested that the cohort
had a lower prevalence of current

19

smokers (for males. 41% compared to
54%) but a high percentage of former
smokers (for males. 33% compared to
22%) compared to age-adjusted fre-
quencies in a sample of the U.S. pop-
ulation. As the authors indicate. the
differences are difficult to interpret
because the presence of respiratory
disease in the BCR patients may have
discouraged smoking.

The authors suggest that patients
registered with acute bervilium disease
had higher SMRs for lung cancer (n
=17, SMR = 2.3, Cl = {.4-3.7) than
those registered with chronic disease
(n =10, SMR = 1.6. CI = 0.8-2.9).
Indeed, the SMR for patients with
chronic disease does not significantly
exceed 1.0. However, the numbers are
small and the confidence intervals of
the two estimates overiap. Eisenbud™®
has pointed out that the experience of
the acute cases with respect to lung
cancer, at least as reflected in the
BCR, could be related almost entirely
to a single plant, the Lorain plant of
the Brush Beryllium Company. Eisen-
bud checked the employment records
of the 17 lung cancer deaths that oc-
curred in acute cases and found that
all were reported from Brush plants
and all but one from the plant at
Lorain, OH. The lanter case was re-
ported from another plant but had
also worked previously, in fact for a
much longer period. at Lorain, so that
all 17 cases had experience a1 Lorain.
Eisenbud has records of 235 total pa-
tients registered with acute disease
(Steeniand and Ward give 237), of
which 145 came from Brush: there
remained 90 patients registered with
acute disease from sources other than
Brush, none of whom died of lung
cancer.

Steenland and Ward, in response,
report yet another set of values from
this experience which differs slightly
from both the numbers given by
themselves previously and from those
given by Eisenbud.? They offer an
explanation as to why their latest
numbers differ from those reported
from Lorain in the cobont study of
Ward et al,, but more relevant is the
qQuestion of why these numbers differ
from those reported by Eisenbud.
Apart from the absence of plant iden-
tification for some cases in the data



set of Steenland and Ward, there may
also be differences in whether the two
groups of authors are assigning cases
to plants on different bases (e.g., plant
from which data were reported. or
something else). In any event. whether
one takes for deaths from lung cancer
among acute cases the 0/90 of Eisen-
bud or the 2/78 (RR = 1.0. Cl = 0.1-
3.6) of Steenland and Ward., it is evi-
dent that there is no higher lung can-
cer nisk for the cases of acute (as op-
posed to chronic) disease other than
in subjects from the Lorain plant.

After some discussion of the possi-
bility of excess smoking by this cohort.
and the possibility of selection bias,
the authors conclude that “A more
probable explanation for the observed
lung cancer excess in this cohor is
that these patients had received high
doses of beryllium, a suspected lung
carcinogen.” The authors favor this
explanation because of the overall ex-
cess of lung cancer in the cohort, rel-
ative 10 the U.S. population, and the
higher risk in the patients with acute
disease who are presumed. with justi-
ficanon. 1o have had the higher expo-
sures.

However. this study seems a slim
reed on which to rest a case for beryi-
llum carcinogenicity in humans. The
alternauive explanauons for the ex-
cess—smoking and selection bias—
are dealt wath by the authors quite
superficially. Thus. with respect 1o
smoking. which must be considered a
cniucal confounder when dealing with
relauve nsks as low as those found
here:

1. Rehance 15 placed on data for a
single vear, 1965, a vear chosen “be.
cause U.S. survey data were available
at the ume and because smoking hab-
1ts 1n the 1960s are considered to have
been most relevant for lung cancer
mortality in the 1980s." Why the
1980s were thought to be the most
cnucal vears is unclear. The average
vear of first exposure of the members
of the cohort was 1944. Neither the
distnbution of person-years of obser-
vauon over ume, nor the average year
of death is given, but with exposures
beginning in the 1940s and a pre-
sumed latency of 15 vears one would

suppose that any period from 1960 on
would be relevant. One cannot in fact
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characterize the relevant smoking ex-
perience of this cohort on the basis of
data from any single year, considering
the major trends that have taken place
in smoking prevalence in the popula-
tion and the changing size of the group
under study over this time period.

2. The Interview Surveys carried
out by the National Center for Health
Statistics. from which the U.S. popu-
lation data were derived. use in-per-
son interviews and standardized ques-
tionnaires. Smoking information for
the registry patients came from “direct
interviews or interviews with next-of-
kin or from registry records.” The pro-
portions from each source are not
given. Itis not appropriate to compare
histories dentving from such diverse
sources.

3. There are vanations in smoking
prevalence in the United States by
geographic region and by social class,
of which no account was taken.

4. Smokung information was ob-
tained for only 32% of the registrants,
and no attempt 10 evaluate whether
this small sample was representative
of the whole 1s reported.

5. Finally. and most devastatingly,
the smoking hstory of the registrants
related to the ame when they already
had respiratory disease and had been
reported to the BCR. Although this is
mentioned by the authors, the total
inappropnateness  of comparing
smoking prevalence in such a group
with that of a sample of a generally fit
population is not acknowledged. The
penod of life dunng which the smok-
ing habits of thus cohort were most
relevant to therr ulumate nisk of lung
cancer 1s quite cernainly the period
before they developed benign beryl-
bum disease. not after.

The 1ssue of selecuon bias is dealt
with by the authors by noung that

!. Individuals who had died before
entenng the registny were excluded

2. Onh five individuals were
known to have cancer when they en-
tered the regstry. and none of these
had lung cancer

3. If pauents wath lung cancer had
entered the registry preferentially, one
might expect ther follow-up period to
be short. However, only three of the
28 lung cancer deaths occurred within
5 years of entenng the registry, and

the lung cancer patients had an aver-
age length of follow-up (21 years) sim-
ilar to that of the total cohort (20
years). This last observation, of
course, raises its own questions, such
as why do the lung cancer cases not
have longer follow-up if risk increases
with latency, as it is said to do in other
studies?

In fact, no one really knows much
about the selective factors that led to
enrollment in the BCR, which was
voluntary. It is known that there was
considerable variation between plants
and other sources of cases in (a) the
diagnostic criteria for beryllium dis-
ease and (b) the probability of a case
being registered if diagnosed. Steen-
land and Ward raise the possibility
that “decedents with lung cancer may
have been preferentially referred 1o
the registry.™®'3¥D If that was so,
there seems no reason why it should
not also have been true for lung cancer
cases registered while alive, although
the few deaths in the first § years do
argue against it.

The authors’ belief that the risk of
lung cancer death was higher for the
patients registered with acute disease
than for those registered with the
chronic form is not well supported.
The numbers are small and the differ-
ence between the two SMRs is not
statistically significant. Furthermore,
its dependence on acute cases re-
ported from Lorain, as noted by Ei-
senbud, raises questions that | will
return to below.

Warc, Okun, Ruder, Fingerhut, and
Steenland, 1992

Ward et al. report on the monality
of 9225 males employed for at least 2
days between 1940 and 1969, inclu-
sive, at any of seven beryllium pro-
duction or processing plants in the
United States® The cohont was fol-
lowed through 31 December 1988 by
matching against a number of na-
tional databases. Vital status was
known as of the study end date for
8921 (97%) of the cobort. Life table
analyses compared observed deaths by
cause with expected numbers com-
puted from the U.S. general popula-
tion rates specific for race, sex, age,
and time period. The influence of geo~
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graphic variation was evaluated by us-
ing county rates to generate other ex-
pected numbers for the period 1950-
88, county data not being available
for the eariier years. To evaluate the
possibie effect of unusual patterns of
cigarette smoking in the cohort, infor-
mation was obtained on members of
the study population who participated
1n a medical survey conducted by the
Public Health Service at four of the
participating plants in 1968. The
members of the cohort who partici-
pated in the USPHS survey were com-
pared with the samples of the total
U.S. population from two national
surveys undertaken in 1965 and 1970.
To determine how much the SMRs in
the whole cohort would be changed if
the cohort had had the same distn-
bution by smoking habits as did the
U.S. population. the authors use a
formula for computing the overall
SMRs for nonsmokers and light,
heavy. and former smokers derived
from an external source weighted ac-
cording 1o the proporuoans of the study
populauon in each smoking category.
A “correcuon factor™ was denved to
esumate how much higher (or lower)
the rates 1n the cohort would have
been 1f their distnbution by smoking
patterns had differed from those in
the general population.

In the cohort overall, 280 deaths
from cancer of the trachea, bronchus,
and lung (“respiratory cancer”) were
dentified. compared to 222 expected,
gving an SMR of 1.26 and a CI of
1.12-1.42. Daua for rwo small plants
1n the same city were combined. mak-
ing six “plant groups.” plus one group
consisung of men who worked in sev-
eral plants and one compnsing those
for whom the speaific plant was un-
known. Among these eight groups,
respiratory cancer deaths were signif-
icanty elevated only in the two oldest
plants: Lorain, OH (obs = 57, exp =
33.7. SMR = 1.69) and Reading, PA
(obs = 120, exp = 96.8: SMR = 1.24).

There was no trend wath duration
of employment. Indeed. the only ex-
cess of observed over expccied that
was staustically significant was among
workers employed for less than | year.

Thuis was, however, the largest cate-
gory of employee.
There were increases itn SMR with

increasing latency (interval since first
employment). No excess of lung can-
cer deaths was observed within 15
years of employment. After a latency
of 30 years or more, the SMR in the
cobort overall was |.46; at Lorain it
was |.66, and at Reading 1.40.

The SMR was highest (1.42) for
workers first employed before 1950,
but, as noted below. interpretation of
this observation is complicated by the
changing distribution of the work
force over ume: for example. Lorain,
the plant with the greatest lung cancer
excess, burned and was closed in 1948
and had no workers first employed
after 1949. For workers employed in
1960 or later. in the cohort overall the
risk of death from lung cancer was
actually significantly below expecta-
tion (SMR = 0.62. CI = 0.36-0.95).

Application of the “correction fac-
tor” described above to adjust for
smoking behavior in the cohort sug-
gested that cohort rates should be di-
vided by a factor of 1.1323 to accom-
modate the more frequent smoking
prevalence ip the cohort compared to
the U.S. populauon. When applied to
the SMR for the cohort overall, the
SMR was reduced from 1.26 to 1.13;
that is. the excess relative risk of lung
cancer (0.26) was halved. The authors
applied the same factor to compute
adjusted SMRs for Reading and Lo-
rain. but we should note that Lorain,
which was closed at the ume of the
survey, was pot even represented in
the Public Health Service sample.
With the “correcion”™ the SMR for
Lorain remained significandy ele-
vated. but that for Reading did not

This report must be considered
against the background of the 1980
study of the plant at Reading. In the
new study many of the deficiencies of
the earher work have been corrected:
the study cohort has been carefully
defined. the use of a 2-day minimum
penod of employment eliminates the
problem of inclusion of individuals
“hired” only for the purpose of taking
pre-employment physical examina-
uons. and follow-up and acquisition
of death ceruficates were unusually
complete. even for the plant where
follow-up was icast compiete (Lorain).
The Lfe table used to compute ex-
pected values uses appropriate general
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population rates. and at least an at-
tempt has been made to deal with the
very difficult problem of geographic
variation in lung cancer rates—diffi-
cult because workers frequently do
not live in the same county as that in
which the plant at which they are
employed is located. Altogether, |
have the impression that the dauwa for
this report were scrupulously collected
and expertly analyzed.

It is in the interpretation of the
findings that I find reason to differ
with the authors, and in partcular
with respect to the statement in the
authors’ abstract that “Occupational
exposure to beryllium compounds is
the most plausible explanation for the
increased risk of lung cancer in this
study” (p. 885). Not only do I believe
that 2 pattern of heavy cigarette smok-
ing is a more likely explanation of the
lung cancer excess, but the data seem
to exhibit a number of characteristics
that appear to be in conflict with the
idea that beryllium carcinogenesis is
responsible.

First, consider smoking as an alter-
pative explanation. When one has a
confounding factor that shows such
great variation in prevalence between
subsets of the population and which
is associated at its highest levels of
exposure with increases in the risk of
the disease of interest with relative
risks of 20-30 and higher, it is disin-
genuous to believe that the effect of
this confounder has been eliminated
with the measures taken in this study.
There is indeed evidence in the study
itself that this cohort smoked more
heavily than the U.S. general popula-
tion, in that the increased risk was
halved by only the very crude adjust-
ment that the available data permit-
ted. The statement in the authors’ ab-
stract that “neither smoking nor geo-
graphic location fully explain the
increased lung cancer risk”™ is totally
unjustifiable. A more modest (and ac-
curate) statement of the situation
would have been “Neither smoking
nor geographic location as measured
in this study fully explain the in-
creased lung cancer risk.™ Why was
this adjustment too crude to evaluate
the full impact of the cohort's smok-
ing patterns?

1. I have already discussed in the



context of the comments on Steen-
land and Ward the impossibility of
obtaining from data for a single year
the cumulative experience with ciga-
rette smoking of a cohort that is being
observed over several decades and
that is changing its size and cigarette
habits over the study period, much
less of comparing this experience with
that of a general population in which
the practices vary geographically and
are undergoing marked changes over
time.

2. The Public Health Survey from
which the smoking patterns in the
cohort derived included onily 16% of
the cohort and none from three of the
plants, including Lorain, which
showed the highest SMR of any plant
and from which 40% (23) of the excess
lung cancer deaths derived.

3. Although the methods of collec-
tion of smoking data are more likely
10 be similar in the compared surveys
here than in the study of Steenland
and Ward, there is still no assurance
that comparable methods were used
to ehicit the information.

4. The full vaiue of smoking habits
as a predictor of lung cancer risk is
not captured in the four crude cate-
gonies of smokers used in this study.
Apart from the possibility of variation
1n levels of use within these categories,
other vanables are extremely impor-
tant 1o measunng the impact of smok-
ing. These include age at which smok-
Ing was begun (perhaps the single

most imponant determinant of the
lung cancer nisk associated with smok-
ing). duration of smoking, fraction of
each cigaretie typically smoked. and
other such factors. In a group that
already manifests a hugh smoking fre-
quency as measured by current smok-
ing (as does the Ward et al. coborn),
these other vanables assume great im-
portance. Sterling and Weinkam, us-
ing data from the Household Inter-
view Survey conducted by the Na-
uonal Center for Health Statistics in
1970. showed that “craftsmen, fore-
men., operauve, operatives and
kindred workers™ (of which this co-
hont would mainly consist) not oaly
had higher smoking rates than profes-
sionals and managers, but began to
smoke at earlier ages ™ If the very
crude adjustment for smoking used in

this study accounts for half the excess
lung cancer risk, I would have no
difficulty believing that a proper ad-
Justment would explain the entire ex-
cess.

While [ do not rule out the possi-
bility that the excess lung cancer ob-
served in this cohort is attributabie to
occupational exposure 1o beryllium,
there are a number of peculiar features
of the data that do not seem to support
that view. One of these is the lack of
evidence of relationship between level
or duration of exposure and lung can-
cer nisk. There are no direct measures
of exposure in either this or the Steen-
land and Ward study, but there is no
evidence of any relationship when the
usual and reasonable surrogates of
level of exposure are used. Thus:

a. There is no relationship to du-
ration of employment The relation-
ship to duration of employment (there
are no dawu on durauon of exposure)
appears actually 1o be inverse (Steen-
land and Ward's Table V1I), with only
persons employed for less than | year
showing a significant increase in lung
cancer nsk. This may be a function of
heavy representauon of Lorain em-
ployees among workers employed for
less than | year; almost 20% of the
employees with less than | year of
employment worked at Lorain.

b. Around 1950 there was a consid-
erable reduction 1n levels of exposure
1n these plants following the initiation
of controls mandated by Atomic En-
ergy Commussion contracts 1n 1949~
51. The trend tn reducuon 1o levels of
exposure has conunued since 1950.
The concentrauon of berylium in the
air of extracuon plants in the 1940s
was commonly in excess of 1,000 ug/
m’, compared to the current 2 ug/m’
OSHA standard that most plants now
generally anain.*’ The authors have
used these trends as a surrogate of
exposure and show decreasing SMRs
for workers firmt emploved before
1950 (1.42), 10 the 1950s (1.24), and
in the 1960s (0.62). However, these
figures are senously confounded by
plant of employment. For example,
Lorain, which shows the highest levels
of lung cancer nsk, was closed in the
late 19405, so had no expenience of
workers first hured after 1950; Lucky,
Elmore, Hazelton, and St Clair had
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no workers emploved before 1950.
The authors’ Table XI shows that
there were two plants with experience
both of workers first emploved before
and of emplovees first hired after 1950
(Reading and Cleveland). In both of
these plants, the SMRs were actually
higher for workers hired in 1950-59
than for those hired before 1950.
SMRs are unequivocally lower among
workers first emploved in 1960 or
later (indeed. in the cohort as a whole.,
SMRs for such emplovees are well
below 1.0. and significantly so). The
overall pattern is not one that can
readily be reconciled with the ex-
pected decrease in risk with increased
control of exposure. The 12 cases in
“multiple plants™ (4.74 expected)
hired before 1950 would seem to war-
rant some further investigation.

c. Ward et al. note that lung cancer
was particularly elevated (SMR =
3.33, Cl = 1.66-5.95) among workers
at the Lorain plant with a history of
acute disease—an observation that
agrees with that of Steenland and
Ward, which is not entirely surprising,
since many of the cases must overlap
the two studies. | have commented on
the possible peculiarities of the Lorain
plant in the context of Steenland and
Ward and will return to it later.

In sum, the only clear-cut evidence
of a relationship of lung cancer risk to
level of exposure is the fact that lung
cancer deaths in this study were fewer
(18) than expected (28.9) (by a margin
that is statistically significant) among
workers first hired after 1959. Among
the exposures characteristic of the
period before 1959 (which comprises
the bulk of the experience observed)
there is no clear-cut relationship be-
tween level of exposure and level of
nsk if confounding by plant of em-
ployment is taken into account. This
is 2 most unusual observation in the
context of occupational carcinogene-
sis and is difficult to reconcile with
the idea that the occupational expo-
sure is responsible.

Condlusion Regarding the Post-
1987 Studies

Although the authors of both of the
post-1987 studies conclude that oc-
cupational exposure to beryllium is



the most likely explanation of the sig-
nificant excesses of lung cancer deaths
that they observe, their cases are not
well founded. [ note:
1. The very small size of the ex-
cesses observed, particularly in the
study of Ward et al., where the SMR,
after a very crude adjustment for
smoking, is only 1.13. | am unaware
of any known carcinogen that is as-
sociated with such a small elevation
of risk in populations i1n which the
exposure was fairly extensive. Mantel,
paraphrasing one of the most impor-
tant and frequently cited papers in the
literature of stanstical epidemiology.**
states: “In Mantel and Haenszel, we
had suggested that 32 minimum RR of
1.5 should be required so as to pre-
clude any possible effect of an unrec-
ognized bias.”* While the original
statement was made 1n the context of
case-control studies, it seems no less
apphcabie 1o cohort studies, parucu-
larly when, as 1n the present instance,
potesual confounders are measured
with considerably less accuracy than
1n the rypical case-control study.

2 Neirther study takes adequate ac-

count of the possibility that the study
cohorts had a higher prevalence of
cigaretie smoking than the general
populauon. In thus disease (lung can-
cer) cqigaretie smoking 1S ap over-
whelming potenual confounder. small
dufferences 1n which between com-
pared populations can lead 1o 1mpor-
tant duffercoces 10 nsk. 1o the paper
by Ward et al there s actual evadence
that the cohon dud have a hugher prev-
alence of smoking thas the general
population. and other patierns of ex-
cess disease associated wvith smoking
in this cohorn (excess 1schemic hean
disease and emphvsema) add to thus
evidence Indicauons of excess smok-
ing are not to be found 1o the paper
by Steenland and Ward, but 10 thus
paper the companson 15 of persons
already suffenag from respuratory dus-
case (sufficently severe to get them
into the BCR) with the generally
heaithy populaton—a companson
that makes no sense whatsoever.

3. Io paither paper 1s there firm
evidence of increased nsk of lung can-
cer assocuated wath increased level of
exposure. as measured by a sumber
of surrogates Thus would be most un-

.y ———v———

usual for an occupational carcinogen.

4. The two papers produce incon-
sistent results with respect 1o whether
or not the occurrence of lung cancer
is associated with a period of latency
after first exposure. It is admitted,
however, that the information on du-
ration of exposure in the paper by
Steenland and Ward “1s likely to con-
tain pumerous inaccuracies.” (p.
1382)

S. The higher reported risk of lung
cancer associated with the acute form
of berylium discase in both studies
appears 10 be hmited to the experience
at Lorain. which closed in 1948. The
centrahity of thus plant’s experience to
the findings 1n the cohort as a whole
must be of great concern to those who
wish to antnbute the small excess nsk
in the whole cohon 10 occupational
exposure to bervibum. It is true that
exposures at Lorain were very high,
but lirtie 1s known about other rele-
vant features of the processes in the
plant or of the charactenstics of its
employees

Conciusions from the
Epidemiologic Evidence Oversll

It appears 10 me that the studies
published afier 1987 add very little to
the overall case for the carainogemicity
of berylbum 10 humass While the
stucies are techmically more sound
than those of earlier vears the infer-
coces that can be dnwn from them
are sull weak, parucularty because of
the 1nvesugalon’ 1nability 0 deal ad-
equately wath the very bkely presence
of confounding bv qgarene smoking
over and above that whuch was meas-
ured. Jt s posubic that benlbum. 10
much larger doses than occupauonal
pgroups have been crposed to 1o the
last 40 vears. ©s 10 fact assocuated with
carcinogeoens 18 the lung but alter-
panve explanavons canoot be ruled
out on the basnis of a»aldabic evidence.
Even 1f such doses were carcinogenuc,
tharr reievance o occupauonal expe-
nence of he last three decades s ail.
The utuauon exemplfies, perhaps,
the fuulry. 10 the context of public
beaith and publc policy. of defining
whether a chermucal 13 or 1S not catin-
ogenic 10 humans without due consid-
eravos of dosages and routes and

mechanisms by which humauns are ex-
posed.
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