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n his book with Douglas Lee, Irving
Selikoff states that often-forgotten
truism that among a group of people who have been exposed to
asbestos and develop lung cancer, many of
those cases of lung cancer would have
occurred even if the people had never
been exposed.' In fact, of all lung cancer
cases, tobacco smoking is the cause 85 to
90 percent of the time.' What is the standard of causation for asbestos exposure in
lung cancer cases and how is it to be
applied?

Other courts follow the "substantial factor" test more strictly and refuse to allow
plaintiff experts to opine that "each and
every" exposure is causative of the plaintiff's disease.' These courts have a number of reasons for ruling in this manner:

Because trials and appeals are more frequent in mesothelioma than lung cancer
cases, much of the case law on specific
causation relates to mesothelioma rather
than lung cancer. This should not matter,
as the principles of causation should be
the same regardless of the disease; only
the conclusions reached from application
of those principles to the specific facts
should change. The case law on causation
can be classified into a few categories.

• No peer-reviewed scientific literature provides a basis for this view of
disease causation — as the late Kevin
Browne, as well as others, have
observed, the lungs have defenses
which the exposure must overcome to
cause disease.

I

Some courts allow plaintiff experts to testify and send the case to the jury based
only on testimony that "each and every"
exposure above background is a substantial cause of the plaintiff's disease.' This
view has become distinctly the minority
view for courts that have recently examined this issue. The courts that utilize this
approach find that the issue of causation
is a question of fact exclusively within the
province of the jury.

• Such testimony is contrary to the
nature of the substantial factor test
because it allows the jury to conclude
that any exposure, no matter how
insubstantial has caused the plaintiff's
disease.

• Testimony that "each and every"
exposure substantially contributes is
inconsistent with the concept that
asbestos-associated diseases are doseresponse diseases, i.e. the risk of disease increases with increasing dose.
A number of courts have followed the
"Lohrmann" test of causation, also known
as the "frequency, proximity and regularity" standard. In general, these courts
have not defined exactly what exposures
meet the standard of "frequency, proximity and regularity," and, instead, have left
such questions to adjudication on a case-
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by-case basis.' Testimony that "each and
every" exposure contributes would seem
to be just as much inconsistent with a
requirement of "frequency, proximity and
regularity," as such testimony is inconsistent with "substantial factor" causation.
Exposures that are infrequent or remote
cannot meet a standard of "frequency,
proximity and regularity," even if an
expert is willing to opine that "each and
every" exposure contributes.
Certain courts have taken the issue a step
further, requiring that in order to submit
the case to the jury, a plaintiff must show
that the exposure for which a defendant
is responsible is sufficient to cause the
plaintiff's disease. Most of these cases
have not defined well what may be a sufficient exposure.'
At least one court has professed to follow
"but for" causation even though plaintiff
experts admitted that they could not say
that plaintiff would have suffered his disease but for the exposure that he had sustained. The court held that the parties
were reading Missouri's standard of "but
for" causation too strictly and that the
plaintiff could submit the case to the jury
even under "but for" causation because
the plaintiff had proven exposure sufficiently as to one defendant. The court
noted that more than one cause including exposure for which a defendant is
responsible may combine to cause an
injury. Whether other Missouri courts
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will follow "but for" causation more
strictly is an open question, but this decision in its reasoning and result seems
rather similar to other decisions that have
required proof of sufficient exposure by a
defendant to cause the plaintiff's disease.'

Sufficient Dose and Asbestosis
If the courts are asking plaintiffs to prove
a sufficient dose to prove causation, then
what is a sufficient dose?
The answer begins with a historical note.
In 1955, Richard Doll published his seminal work about lung cancer among the
workers at Turner & Newall. He found
an excess of lung cancer incidence among
the workers in this asbestos product manufacturing facility. All of those with lung
cancer also had asbestosis. He concluded
that the regulations intended to prevent
exposures causative of asbestosis would
also prevent lung cancer.'
Further epidemiological research confirmed that lung cancer from asbestos
occurs only in the presence of asbestosis.'
As a result, asbestosis is a prerequisite to
the diagnosis of an asbestos-related lung
cancer." In fact, the only consistently
reliable marker for an asbestos-related
lung cancer is asbestosis, especially in
asbestos workers who smoke."
Kevin Browne, referring to asbestosis,
opines that heavy exposure to asbestos is
necessary to cause lung cancer."
Although certainly not unanimous on the
exact cumulative exposure, the scientific
literature indicates that cumulative exposure of 25 f/cc-years can be causative of
asbestosis." Another researcher recently
found that both cumulative exposure and
lung fiber burden are strongly correlated
with severity of asbestosis. According to
that research, the least cumulative exposure in a subject with asbestosis was 23.1
f/cc-years."
A different school of thought suggests a
somewhat similar but alternative theory

"The importance of this data cannot
be understated. In any case of a
person suing for lung cancer,
defendants must focus not just on
the amount of smoking, but the age
at which the smoking habit began.

of lung cancer caused by asbestos exposure. Under this theory, it is not the
asbestosis but rather the dose of asbestos
at a level high enough to cause asbestosis
that actually causes an asbestos-related
lung cancer even though the dose does
not in fact cause asbestosis." This would
be a cumulative dose of asbestos of 25
f/cc-years, whether or not the plaintiff
actually had asbestosis.
In Mobil Oil Corporation v. Bailey, the
plaintiffs claimed that the decedent died
of lung cancer due to asbestos exposure
on the premises of the defendant." The
court examined the issue of whether
asbestosis was a prerequisite for proof of
causation of lung cancer by asbestos.
The court apparently left open the possibility of such a ruling. The court found
it unnecessary to reach that precise issue,
rather, finding that plaintiffs had failed to
offer any "scientifically reliable evidence"
to show that asbestos exposure on the
defendant's premises had caused the decedent's lung cancer. Noting that the decedent had a smoking history, the court
held that the plaintiff had failed to
exclude other possible causes of lung cancer. In particular, the court found that
neither of the plaintiff experts had shown
general acceptance of the theory that the
effects of asbestos and cigarette smoking
are synergistic. Without defining what
more may be necessary, the court clearly

thought that more evidence was needed
than just testimony about decedent's history of exposure at the defendant's premises."
This view of the causation of lung cancer
is not unanimous. For example, Dr.
Murrary Finkelstein opines that there is
an increased risk of lung cancer among
those without radiographc evidence of
asbestosis and that the risk of lung cancer
increases at "doses" below which radiographically evident fibrosis does not
occur." Finkelstein overstates his findings. Finkelstein notes that the mean
cumulative exposure to asbestos among
the subjects of the study is 101-137 f/ccyears." This is well in excess of the 25
f/cc-years that is often cited as the
amount of exposure necessary to cause
asbestosis. His findings fail to support
the view that asbestos-related lung cancer
occurs at doses below which asbestosis
will not be visible on radiography. And
this is not the only problem with such
research.

The Effect of Smoking Duration
The risk of lung cancer increases "far
more strongly with each additional year
of smoking than with each additional
cigarette per day."" The risk of death
from lung cancer is related more strongly
to duration of smoking than to smoking
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intensity.' Men between the ages 40-49
with an average smoking duration of 29
years show lung cancer mortality of
24/100,000 persons while men aged 7079 with average smoking duration of 51
years show lung cancer mortality of
933/100,000 persons.'
Richard Peto's epidemiology on the
effects of cigarette smoking demonstrates
the same conclusions. He finds that a
three-fold increase in the amount of
smoking can increase lung cancer risk by
three times while a three-fold increase in
the duration of smoking can increase the
incidence of lung cancer 100 times."
Specifically, for men who start smoking
between ages 15-24, Peto's data shows
that 20 years duration of smoking is associated with less than 10 deaths from lung
cancer per 100,000 men while duration
of 60 years leads to more than 1000
deaths from lung cancer per 100,000
men.24
The importance of this data cannot be
understated. In any case of a person
suing for lung cancer, defendants must
focus not just on the amount of smoking,
but the age at which the smoking habit
began.

inescapable consequence of the fact that
duration of smoking multiplies the risk
of lung cancer 100-fold over 50 to 60
years. If the group of asbestos-exposed
workers is, on average, older and smoked
longer than the general population, the
increasing risk from the duration of
smoking will make the lung cancer rates
among the asbestos-exposed workers
appear larger; hence, asbestos may erroneously appear to have a larger effect in
causing any elevated lung cancer rates.
Even if the ages of the people in the control group are similar to the group of
asbestos-exposed workers under study,
differences in smoking habits between
the general population and the studied
group particularly affecting a difference
in the duration of smoking can seriously
impair the ultimate conclusions about
the health effects of asbestos separate
from cigarette smoking.
A short journey illustrating the methods
used to calculate relative risk will show
the potential impact of this problem.
The following formula is used to calculate relative risk:

Assuming that (1) the proportion of long
duration smokers in the subject cohort is
1 percent greater than in the control
group and (2) 25 percent of the long
duration smokers contract lung cancer (a
conservative number for a group potentially 100 times more likely to contract
lung cancer), when the confounders are
excluded, the numbers in the formula
change as follows:
10/(10+9890)/100/(100+99,900)=
.0010101/.001=1.01
When the formula is corrected for duration of smoking, relative risk changes
from 3.5 to 1.0101. The apparent risk
from asbestos exposure has virtually disappeared." In addition, for this relative
risk, the 95 percent confidence interval is
0.8097 to 1.2457 which, not surprisingly, crosses one and is thereby not statistically significant."
Calculation of relative risk for exposure
to asbestos is not accurate unless the confounding effects of smoking are fully
removed, including any confounding
effects from smoking of long-term duration among the cohort subject to study.

a/(a+b)/c/(c+d)=RR

Multiplicative or Additive Risk
The data also has unexpected implications for the validity of research on the
causes of lung cancer by asbestos, i.e.
when smoking needs to be excluded as a
confounder. Epidemiological studies that
attempt to determine the degree to which
asbestos causes lung cancer compare lung
cancer rates of the group of asbestosexposed workers with the lung cancer
rates in the general population."
Studies often merely cite a comparison to
the general population without further
assurance that the issue of smoking duration has been properly controlled in the
calculations of risk of lung cancer. 26 This
is the problem. If one group smokes in
similar proportion to another group, but
one of the groups has people who started
smoking earlier, that group will have the
higher lung cancer rate. That is the

a = smokers with lung cancer in the
asbestos-exposed cohort
a+ b = the entire asbestos-exposed cohort
who also smokes
c = smokers with lung cancer in the control group
c+d = the entire control group of smokers

The general risk of lung cancer in the
smoking population is approximately 100
out of 100,000 person years." Assuming
35 persons with lung cancer in the
cohort of 10,000 and 100 persons with
lung cancer in the control group of
100,000 (risk lung cancer of 100 out of
100,000), the formula calculates a relative risk of 3.5:28
35/(35+9965)/100/(100+99,900).
.0035/.001=3.5
6
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For any lung cancer case involving a
long-term smoker, defendants must face
the argument that asbestos exposure and
cigarette smoking cause lung cancer
through a synergistic effect on the human
lungs. Having heard this concept,
authors today repeat the argument without critical analysis or without appropriate citation to scientific literature. At
best, the argument badly stretches the
science. At worst, the science itself is suspect.
Peto, a member of the Imperial Cancer
Research Fund in Great Britain, cites the
usual numbers. Relative risk of lung cancer without smoking or asbestos exposure
is, of course, 1. Relative risk of lung cancer among smokers is 11, while such risk
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among the population exposed to
asbestos without smoking is 5. Risk of
lung cancer among smokers obviously
varies greatly based on a number of factors, e.g. longevity of smoking, amount
of smoking per day, total cumulative dose
of cigarette smoke. The relative risk of
lung cancer is 53 for smokers also
exposed to asbestos. Peto emphasizes
that this multiplicative effect is only
found among those who experience "high
asbestos exposure" which means "prolonged employment as a lagger before
1968." Such conditions seldom exist in
other occupations or later time frames.''
Wanton application of the multiplicative
risk of smoking and asbestos to workers
not similarly exposed simply lacks scientific basis.
More recent research has even called into
question whether there is in fact even any
synergistic risk from smoking and
asbestos; rather, such research has shown
that risk for smoking and asbestos exposure is additive. 32 Irving Selikoff, whose
studies helped grow the idea of a synergistic or multiplicative effect from smoking and asbestos, admitted in 1978 that
evidence of a relationship between
asbestos and lung cancer, even among
smokers, is "not strong." 33
This is not just an academic exercise.
When the risk is only additive, a fiveweek exposure to a particular product
may not appear to have substantial consequence compared to a 40-year smoking
habit. Assuming that asbestos is less carcinogenic than cigarette smoke for the
induction of lung cancer in a ratio of
5/11, the following calculation demonstrates the comparative contribution to
risk from asbestos exposure over five
weeks as compared to 40 years of smoking:
(5/11)(5 weeks/50 work weeks per
year)/(40 years x 52 weeks per year)
=0.00002185.

Considering such a miniscule, comparative risk, it is little wonder that plaintiff
counsel presses the claim of the synergistic effects from asbestos and smoking.

Lung Cancer without
Cigarette Smoking
Obviously, mesothelioma cases differ from lung
cancer cases. The difference most highlighted
is that smoking will cause lung cancer.
Without cigarette smoking, the difference
between a mesothelioma and lung cancer is still
substantial. The advantage in a mesothelioma
case for plaintiffs is that their experts argue that
most cases of mesothelioma studied in epidemiology involve a history of asbestos exposure. They cite that, regardless of the percentage of mesothelioma cases that are expected to
occur without asbestos exposure or even without any known cause, the percentage of
mesothelioma occurrences with exposure to
asbestos oumumber the percentage of cases
occurring without asbestos exposure.
The situation is the reverse for lung cancer. In
research that identifies increased lung cancer
among asbestos exposed workers, more than
twice as many instances of lung cancer occur
without asbestos exposure and without cigarette smoking than occur among persons
exposed to asbestos.
In fact, the degree to which asbestos causes
lung cancer among non-smokers is in doubt.
"In the absence of smoking, there may be an
increase in the prevalence of [lung cancer] but
it is not significant."35 To understand this more
fully, the effects of asbestos can be studied

among persons who cease smoking or never
smoked. Hammond, Selikoff and Seidman
performed such work% The results of their
study of deaths among asbestos-exposed workers 20 years after the onset of exposure are
highlighted at the bottom of this page.
Once the effects of smoking are removed,
deaths from lung cancer among asbestos
exposed workers are substantially less
than expected. It is little wonder that
Selikoff always emphasized the need for
asbestos workers to quit smoking. 37
Plaintiffs should not be allowed to imply,
and juries should be reminded that they
should not presume, that a person's lung
cancer came from asbestos exposure just
because such person claims a history of
asbestos exposure. 38 For non-smoking
lung cancer cases, the court should still
be require proof that plaintiff has
asbestosis and that defendant exposed
plaintiff to products that would sufficiently cause his or her disease.

Declining or Disappearing Risk
In his 2010 article on lung cancer among
cement workers, Dr. Finkelstein a followup of the cohort. Based upon a study
period of 1968-1985, he had originally
calculated the risk of lung cancer in the
cohort among those without radiographic
evidence of asbestosis, alternatively after
latencies of 20 and 25 years from first
exposure. He recalculated lung cancer
risk based upon the follow up during
1986-1997. The results can be seen on
page 8.

Lung cancer

Smoking History

Observed deaths Expected deaths
Ex-smoker, 5-9 yrs

5

9.8

Ex-smoker, 10+ yrs

3

24.2

Never smoked

5

35.5
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SMR for subjects w/o radiographic
asbestosis at 20 years latency

SMR for subjects w/o radiographic
asbestosis at 25 years latency

1968-1985

5.6 (2.9-9.8)

3.76 (1.03-9.66)

1986-1997

2.18 (0.71-5.1)

3.6 (0.98-9.23)

Period of follow up

Interestingly, the data in the 1986-1997
follow-up period is not statistically significant. Dr, Finkelstein offers no explanation. The decline in risk to a level not
statistically significant calls into question
his conclusions about asbestos as a cause
of lung cancer in those without radiographic evidence of asbestosis.
The statistically non-significant risk of
lung cancer in the later follow-up period
could be due to cessation of smoking.
The data has already been presented in
this paper showing the precipitous
decline in risk among former smokers
even when exposed to asbestos. If cessation of smoking explains Dr. Finkelstein's
results, any risk would likely be the result
of tobacco use and not asbestos.
Another explanation may be supportable.
After a certain number of years from
exposure, the increased risk of lung cancer from asbestos exposure may disappear. Some authors suggest a three phase
model for carcinogenesis of lung cancer
from environmental carcinogens:
• Initiation: a susceptible stem cell
transforms into an intermediate stage
with one or more mutations and possibly accompanied by epigenetic
changes without loss of relevance of
the model form.
• Promotion: if there is clonal expansion of the intermediate cells, probability is increased that initiated cells
will undergo an additional genetic
change leading to malignant transformation.
• Progression: malignant conversion
actually occurs.
Consistent with this model, these
researchers find strong evidence that
asbestos appears to act early in the

process of lung carcinogenesis and that
there is no evidence of a later-stage effect.
Epidemiology adds weight to this conclusion, demonstrating that the risk of lung
cancer is strongly associated with exposures occurring 20-24 years before lung
cancer death with little or no risk associated with exposures at any other time."
In other words, when a person's exposure
is more than 24 years before his lung
cancer death, his asbestos exposure is not
likely the cause of his lung cancer. Dr.
Finkelstein's statistically non-significant
risk of lung cancer in the later follow up
period could be due to this disappearance
of risk following a certain period after
exposure, that being more than 24 years.

Sufficient Cause
If a defendant's conduct exposes plaintiff
to asbestos and raises his or her risk of
lung cancer by 0.00001 percent, should a
defendant be held responsible to plaintiff
if he or she gets lung cancer? If a defendant releases asbestos that exposes plaintiff in a small amount ten miles, or even
five miles from the source of exposure,
should defendant be held responsible to
plaintiff if he or she gets lung cancer? If a
defendant's conduct increases plaintiff's
cumulative exposure to asbestos by
0.0001 f/cc-years, should defendant be
held responsible to plaintiff if he or she
gets lung cancer? There must be some
limit to a plaintiff's right to submit the
case to the jury. None of these hypothetical situations comport either the "substantial factor" test or the "Lohrmann"
test of frequency, regularity and proximity. None of these hypothetical situations
comport with a need for plaintiff to
prove that the exposure was sufficient to
cause the plaintiff's lung cancer.
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The Court's decision in Wannall v.
Honeywell International Inc. found that a
plaintiff's proof of exposure was not sufficient to support lung cancer claims."
One court has provided definite guidelines; in Borg-Warner Corp. v. Flores, the
Texas Supreme Court finds that plaintiff,
to submit his case to the jury, must prove
that the exposure for which defendant is
responsible doubled plaintiff's risk of his
disease.4' Borg-Warner is a particularly
instructive opinion because the underlying disease of plaintiff was asbestosis. It
is asbestosis that is in turn related to the
risk of lung cancer.
Some may disagree with the standard
that is set in Borg-Warner. Maybe it
should be higher or lower. Maybe it
should be set as some number of fibers
per cubic-centimeter-years. Maybe the
standard should be set in some other
manner. But, make no mistake — the
standard should be set so that plaintiff
may go to the jury only when he has
proven sufficient exposure, an exposure
in fact that is sufficient to cause his disease.

Conclusion
As a practical matter, defendants should
take one or more steps in lung cancer
cases:
• The Court should be urged to
require that plaintiff prove that he
has asbestosis and that the defendant
exposed the plaintiff at a level sufficient to cause asbestosis, a cumulative dose of 25 f/cc-years. Plaintiff
studies on the cause of lung cancer
should be the subject of objections
unless smoking as a confounder is
properly eliminated.
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• Through motion in limine or
objection, plaintiff should not be
allowed to argue that smoking and
lung cancer are multiplicative or synergistic risks, especially if plaintiff is
not a lagger exposed before 1968.
• The Court should be urged to
require the same proof from plaintiff
in a non-smoking lung cancer case,
as plaintiff's claim of causation does
not improve just because he does not
smoke.The Court should be asked
for a directed verdict or summary
judgment if the exposure was too
long ago to present a risk of lung
cancer to plaintiff.
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