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Certainly Not Probable:
Causation, Bayes’ Theorem, and Theory of Probability
A Commentary by Mark G. Zellmer of Husch Blackwell llP
Author bio on page 10
ccording to plaintiﬀs, proof of
causation of cancer by asbestos
exposure is not complicated. If
there is exposure, it must have
caused the disease. Even if asbestos-associated malignancies are actually diseases
without any threshold for causation by
asbestos exposure, plaintiﬀs must still
prove that the exposure caused the disease under applicable legal standards. Of
course, no one should really expect that
the concept of a “no threshold” cancer is
scientifically valid. Whether the problem
is injury, infection, or cancer, the human
body has any number of defenses against
abnormal insults to the body’s normal
function. ese defenses physiologically
suggest the existence of a threshold.1
Even accepting the “no threshold” concept, the result of an asbestos-associated
disease from some exposures is so
improbable that plaintiﬀs cannot meet
appropriate legal standards for proof of
causation.

A

Legal Standards of Causation
unfortunately, the standards of causation
in toxic tort cases and asbestos cases in
particular are not a picture of clarity.
What is crystal clear is that “but for” causation simply cannot be proven. Namely,
an expert cannot fairly and honestly testify that but for the exposure, plaintiﬀ
would not have contracted the tumor.2
e courts have generally looked to “substantial factor” causation as the relevant
legal standard. ese courts have varied
their verbiage to express what is, or is
not, an exposure that satisfies the legal
standards of causation.

www.harrismartin.com

Labelled the Lohrman standard for the
first case expressing the standard, most
courts have required plaintiﬀ to show frequency, proximity and regularity of the
exposure to establish causation.3 Illinois
courts have followed this same standard,
just renaming it the acker standard.4
Interestingly, a recent ruling from the
Fourth District Illinois Court of Appeals
gave further emphasis to the term “substantial.” e Court noted that proving
some exposure was simply not enough;
rather, plaintiﬀ must prove inhalation of
“enough asbestos fibers” from the product to be “a material element and a substantial factor in bringing . . . about”
mesothelioma.5
Other courts have taken a stricter view
requiring that plaintiﬀ prove that the
exposure from the defendant was suﬃcient to cause the disease.6 is is appropriately analogous to the famous “two
fires” exception to “but for” causation. If
two fires start and then join to destroy a
building, the defendants responsible for
each of the fires may be held liable if
each fire was suﬃcient to destroy the
building. e Missouri Supreme Court
has treated this as the only exception to
“but for” causation.7
e California Supreme Court has
refused to provide much, if any, definition of the term “substantial factor,” only
saying that something that only plays an
“infinitesimal” or “theoretical” part in
causing harm is not substantial. e
Court cautioned that undue emphasis
should not be placed on the term “substantial.”8 ese and other iterations of
the “substantial factor” test led the
4
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authors of the Restatement of Torts to
consider rejecting the “substantial factor”
test altogether, stating that a trivial contribution to causing the harm is not
within the defendant’s scope of liability.9
Although “trivial” under the Restatement
ird seems like more than “infinitesimal” or “theoretical” under California
law, one would be hard pressed to provide any quantification of the diﬀerence.
One court has attempted to provide
some quantification of the minimum
requirement for a plaintiﬀ to satisfy standards of causation. In Borg Warner Corp.
v. Flores, the Texas Supreme Court
required that the exposure attributable to
a defendant must have doubled plaintiﬀ’s
risk of contracting the disease.10 e
Texas standard brought science, rather
than speculation, into the courtroom;
however, the standard is not without its
limitations. If plaintiﬀ’s risk of the disease is extraordinarily low, a doubling of
the risk will not be substantial. As an
example, if the probability of contracting
the disease is 0.01 percent, doubling that
risk means that the probability of contracting the disease is 0.02 percent. In
the words of the Restatement, the
increased probability of the disease will
be trivial.
Although not quantifying any standards,
somewhat similarly, the 6th Circuit u.S.
Court of Appeals in Stallings v. Georgia
Pacific Corp. made it quite clear that the
exposure must be proven to make the
occurrence of the disease not just possible, but probable.11 Similarly, the
Supreme Court of Alabama in Sheﬃeld v.
Owens-Corning Fiberglass Corp., quoting
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comment (a) from the Restatement
(Second) of Torts, section 433B, ruled
that causation is not proven when the
“probabilities are at best evenly balanced.”12
Even jury instructions are written in
terms of probability. For example, the
burden of proof under Illinois Pattern
Instruction 21.01 tells the jury that it
must find a proposition to be “more
probably true than not true.” Michigan
Civil Jury Instruction 8.01 is written
similarly, instructing the jury that a
proposition must be proven to be “more
likely true” than not true. e calculation
of probability can assist the court and the
jury to analyze whether a proposition
about causation is true or not true, consistent with the dictates of the court’s
own instructions.
Without proof that an exposure-in-fact
caused the disease, courts and juries are
left to judge causation based upon the
severity of the risk and, hence, the probability of the disease resulting from the
exposure. What really is the probability
of the occurrence of asbestos-associated
malignancies from various exposures? Is
the probability from the exposure suﬃcient to be labelled “substantial” or
“probable” or at least more than “trivial”
or “infinitesimal”?13

Dose Response and Probability
Various organizations and agencies,
including OSHA and EPA, have constructed, or at least rely upon, dose
response equations. ese equations suggest a linear cause-eﬀect relationship
between exposure to asbestos at various
doses and the likely incidence of disease.
ese are exactly the dose response equations upon which experts for plaintiﬀs
rely in giving their opinions on causation.14
e OSHA dose response equation for
mesothelioma per 100,000 people
exposed is the following:15

Asbestos fibers/cc-years
0.1
0.2
0.5
1.0
2.0
4.0

Mesothelioma
6.9
13.8
34.6
68
138
275

Introduction to
Bayes’ eorem
Probability applied to causation
based only upon these dose response
equations raises disturbing questions
about proof of causation in toxic
tort cases and asbestos cases in particular. e application of Bayes’
eorem to the problem of causation raises another magnitude of questions about a plaintiﬀ’s ability to meet
the burden of proof.

e number of cases of mesothelioma
basically doubles from 0.1 to 0.2 f/ccyears and for 2.0 and 4.0 f/cc-years. In
fact, each doubling of exposure doubles
the expected number of occurrences of
tumors resulting from the exposure. As a
result, the equation is linear. Assuming
that OSHA’s numbers are accurate, this
allows a calculation of the probability of
contracting the disease from a particular
cumulative dose of exposure. As an
example, the probability of contracting
mesothelioma from a cumulative exposure of 1.0 f/cc-years is determined by
dividing the expected disease total by
100,000, to-wit: 68/100,000=0.00068 or
0.068 percent.

Bayes’ eorem is a mathematical formula to determine the probability of an
event based upon prior knowledge of the
conditions that might be related to the
event. Simply, Bayes’ eorem in terms
of probability judges the degree to which
an event is related to prior events, conditions or occurrences. e formula is the
following:

It is important to recognize that the linear nature of the equation is more of “a
cautious default assumption than anything more soundly based.”16 Similarly,
the Health Eﬀects Institute notes that
“‘dose-linearity’ is more of a scientifically
reasonable compromise . . . than an
established scientific principle of carcinogenesis.”17

P(A/B) is the likelihood of A given that B
is true. P(B/A) is the likelihood of B
given that A is true. P(A) is the probability of observing A. P(B) is the probability
of observing B. is formula is actually
elegant in its simplicity, requiring only
multiplication and division, not calculus
or trigonometry.

Certainly, plaintiﬀs wish to recover for
the disease and the exposure allegedly
causing or contributing to cause the disease. On the other hand, if the probability of getting the disease from an exposure
is low, plaintiﬀs cannot persuasively
argue that they can meet the burden of
proof that the exposure likely caused the
disease. Courts should carefully consider
risk and probability. In the face of a low
probability result, courts should not find
that the exposure caused the disease simply because plaintiﬀ has the disease.

e theorem was the conception of
Reverend omas Bayes who lived in
England from 1701 through 1761. First
presented after his death in “An Essay
Towards Solving a Problem in the
Doctrine of Chances” (1763), the theorem found other adherents including
Pierre-Simon Laplace who published the
modern formulation in “éorie
Analytique des Probabilités” in 1812.
British mathematician Sir Harold Jeﬀreys
lauded Bayes’ eorem, explaining that it
“is to the theory of probability what the
Pythagorean theorem is to geometry.”18
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P(A/B) =

P(B/A)P(A)
P(B)
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Bayes eorem is so well accepted that it
is an undercurrent that aﬀects and
improves our very lives on daily basis.
e list cannot be exhaustive, but a sample of areas involving the use of Bayes’
eorem includes:
• Spam filters for our emails
• Calculation of the risk of
lending money to borrowers
• Eﬃcacy of cancer and other
medical screening
• Eﬀects of pharmaceutical drugs
• Learning by artificial
intelligence
In possibly the most famous and important application, Bayes’ eorem was
used to track likely and unlikely relationship between code symbols, cracking the
German enigma code and bringing an
earlier end to World War II in Europe.
Bayes’ eorem has even found acceptance in u.S. courts.19

Application of Bayes’
eorem to Causation of
Mesothelioma Using U.S.
Government Data and Methods
To apply Bayes’ eorem to the problem
of causation, the terms in the equation
must be defined as follows:
• P(A/B), being the likelihood of
A given that B is true, may be
defined as the probability of getting
mesothelioma given that there has
been a particular dose of asbestos
exposure.
• P(B/A), being the likelihood of B
given that A is true, may be defined
as the probability of having been
exposed to a particular dose of
asbestos given that mesothelioma
has been contracted.
• P(A), being the probability of
observing A, may be defined as the
unconditional probability of getting
mesothelioma given asbestos exposure.

www.harrismartin.com

• P(B), being the probability of
observing B, may be defined as the
unconditional probability of experiencing such a dose of asbestos exposure.
To explore the probable eﬀect of doses at
the lowest levels of the dose response
equations, P(B/A) can be studied at 1
f/cc-year. Of course, those who authored
the dose response equations started with
high dose epidemiological studies of the
occurrence of mesothelioma and extrapolated to the likelihood of the occurrence
of mesothelioma at lower levels of exposure. e value of P(B/A) for a cumulative of dose of asbestos exposure of 1
f/cc-year can be determined from the
highest cumulative doses of exposure in
the underlying epidemiology utilized by
the government. ese are the highest
cumulative doses of exposure in the studies:
• Dement study of textile factory:
more than 274 f/cc-years;
• McDonald study of chrysotile
mining: more than 900 f/cc-years;
• Finkelstein study of cement factory:
420 f/cc-years;
• Weill study of cement factory:
more than 280 f/cc-years.
In addition, the creation of the dose
response curve included reliance upon
the studies of the New Jersey amosite
insulation plant with average exposures
of 50 f/cc. At such average exposure, two
years of work at the facility would
amount to 100 f/cc-years.20 e dose
response curves are applied to cumulative
asbestos exposures in a linear relationship. As a result, the mathematic relation
between 1 f/cc-year of exposure and the
average of these four high cumulative
exposures (1 f/cc-year/468.5 f/cc-years) is
0.0021344.
Some mesotheliomas occur without
asbestos exposure.21 To calculate P(B/A)
accurately, only those tumors caused by
asbestos exposure must be included.
McDonald and McDonald found that
6
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the background rate of mortality from
spontaneous mesothelioma was 1-2 per
million of population.22 In a source often
quoted by plaintiﬀ’s counsel and experts,
an agency of the u.S. government concluded that approximately 15 percent of
the mesotheliomas occurred without any
known exposure to asbestos.23 Any number used to represent asbestos-caused
mesotheliomas must therefore be no
greater than 85 percent of total cases of
mesothelioma. is is particularly important for mesothelioma associated with
smaller and smaller doses of asbestos
exposure. As doses become smaller, the
likelihood that the exposure did not
cause the disease increases. Not accounting for the possibility that the mesothelioma was not caused by the low dose
would skew any statistical analysis.
Calculation of P(A) requires information
on the number of mesotheliomas. A reasonable start date is 1951 since prior to
the 1950s, malignant mesothelioma was
a very rare tumor.24
• e estimated number of cases
of mesotheliomas from 1951
through 1997 was approximately 115,500.25
• From 1999 through 2015,
another 45,221 deaths occurred
due to mesothelioma.26
• using the average yearly death
rate from 1999 through 2015,
another 5300 malignant
mesothelioma cases can be
added for 2016 and 2017.
Counting the number of deaths rather
than the number of diagnoses is reasonable since the death rate from diﬀuse
malignant mesothelioma is 100 percent.27
is is a total of approximately 120,800
deaths due to malignant mesothelioma.
Of course, death certificates have not
always been an accurate reflection of the
diagnosis of mesothelioma. In fact, in the
past, diagnoses on death certificates may
have understated mesothelioma by as
much as 35 percent. Since diagnosis of
mesothelioma has improved substantially
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over the years, the understatement of the
disease may be as much as 35 percent;
however, to use numbers that are conservative, this understatement of 35 percent
would mean another 42,280 cases for a
total of 163,080 cases of the disease from
1951 through 2017.

e result is a 0.0000166 probability that
this exposure caused mesothelioma.
According to this calculation using Bayes’
eorem, the probability of contracting
mesothelioma calculated by the OSHA
dose response equation is at least 41
times too high.33

Determining the number of persons
occupationally and para-occupationally
exposed to asbestos is necessary to calculate P(B). e number which Nicholson
et al determined from 1940-1979 was
27.5 million.28 Citing OSHA in 1990,
the Agency for Toxic Substances &
Disease Registry noted that 568,000
workers in manufacturing and 114,000
workers in construction were still being
exposed to asbestos. Assuming the accuracy of these numbers and using employment turnover statistics for manufacturing and construction, an additional 1.5
million workers were exposed from 1980
through 2000.29 e total exposed to
asbestos from 1940 through 2000 would
be 29 million.

Application of Bayes’
eorem to a Specific Study:
Chrysotile Only

Of that 29 million, the number of people
exposed to 1 fiber/cc-years of asbestos
may be approximated from articles that
have attempted to study the risk of “low
dose” exposures.30 Of the subjects and
controls, 61.38 percent had exposures at
or below 1 f/cc-years.31 Although usable
for the purposes of this article, that percentage is likely lower than would be
expected since the Lacourt authors in
studying people with mesothelioma have
an unavoidable selection bias toward people with asbestos exposure.

is is an application of Bayes’ eorem
to the results of a specific study dealing
with chrysotile exposure. In 2008 Pira et
al published the results of their study of
the workers at the Balangero chrysotile
mine.34 e cohort was 1056 workers.
Deaths were 590 among whom 237 were
exposed in excess of 400 f/cc-yrs. ese
deaths included 5 cases of mesothelioma.
One of those cases had exposure less than
400 f/cc-yrs. Bayes’ eorem may be
used to determine probability as follows:
P(B/A): 1 case of mesothelioma
below 400 f-yrs exposure/5 cases total
= 0.20
P(A): 5 cases of mesothelioma / total
work force of 1056 = 0.0047348
P(B): 353 deaths exposed to less than
400 f-yrs / total deaths of 590 =
0.598305
en the product of the calculation is
divided by 400 f-yrs to give probability for 1 f-yr. (0.2 x
0.0047348/0.598305)/400 = 0.0000039

e product of this calculation is almost
a full order of magnitude (10 times) less
than the prior calculation. Compared to
the prior calculation based on all
mesotheliomas, this result represents a
closer approximation of the probability
of mesothelioma from low level
chrysotile exposure.35

Comparison to Studies of
Heavier Dose Exposure
Of course, the scientific and medical literature contains any number of studies of
workers and facilities in which asbestos
exposures accumulated to doses that were
clearly not low dose. ese studies
include workers in the mines of
Wittenoom, Australia and asbestos insulation manufacturing plants in Tyler,
Texas and Berlin, New Jersey as well as
others. undoubtedly, the most famous of
these studies is the Selikoﬀ insulator
study. In the 1960s and 1970s, Dr.
Irving Selikoﬀ investigated the occurrence of mesothelioma among the insulation trade.36 Of the 17,800 insulators in
the studies, 4951 died by December 31,
1986, with 458 insulators or 9.3 percent
dying of mesothelioma. Virtually all of
them (100 percent) were exposed to
asbestos, well in excess of 1 f/cc-year.
How many of them incurred mesothelioma due to their asbestos exposure?
With so many of them having underlying
asbestosis, the number would be high.
Plaintiﬀs and their experts would argue
all of them. Considering the doses of
exposure to these insulators, an assump-

using these statistics, the equation is listed below.32

0.0021344 x 0.85 x 163,000/328,000,000
0.6138 x 29,000,000/328,000,000

=

0.2957146
17800

7
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= 0.0000166
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tion would be that only a few of these
insulators could be expected to contract
mesothelioma without such exposure. A
plaintiﬀ-friendly estimate would be that
only one in one hundred (1 percent) of
these insulators would get mesothelioma
without such exposure.
at estimate provides a basis for comparison to low dose exposures.
Comparing a 99 percent probability that
asbestos exposure caused mesothelioma
in the heavier dose situations with probability that an exposure of 1 f/cc-year
caused disease raises serious questions
that causation of mesothelioma can be
legally proven at low doses of exposure.
In fact, it is more than 50,000 times
more likely that asbestos exposure caused
mesothelioma in a “Selikoﬀ” insulator
than 1 f/cc-year of asbestos caused someone’s mesothelioma (0.99/0.0000166).37
Do the Selikoﬀ insulator studies represent the “gold standard” for proof of causation? If so, the burden of proof should
at least be a probability equivalent to just
over 50 percent of the probability that an
insulator in the Selikoﬀ studies contracted mesothelioma from asbestos exposure.

Comparison to Epidemiology
Some authors have attempted to determine the rectitude of the results of EPA’s
dose response equation. EPA, like
OSHA, used high dose studies and
extrapolated to risks from low dose exposures. Camus et al in 2002 studied the
occurrence of mesothelioma among
women living around the Canadian
chrysotile mines in Asbestos and
etford, Canada to compare the number of those women contracting mesothelioma with the number of cases of
mesothelioma predicted by EPA’s dose
response equation. ese women sustained an average dose of 105 f/cc-years.
With such exposure Camus et al tested
the linear dose response equation at the
higher doses from which the government
extrapolated risk at lower doses. For this

www.harrismartin.com

exposure EPA predicted 150 cases of
Add the 90 percent chrysotile
mesothelioma in Asbestos, Canada and
potency to 10% amosite potency:
500 cases of mesothelioma in etford,
0.18 + 2.0 = 2.18
Canada. e occurrence of mesothelioma
was actually much less. In fact, EPA’s
Insert the new value P(B/A) in the Bayes’
number was 150 times too high for
equation:
Asbestos, Canada, 35 times too
high for etford, Canada and 50
2.18 x 0.0047348
times too high when the numbers
38
0.0172517
were combined for both locales.

0.598305

=

If the linear dose response equation
is so wrong for higher exposures,
then assumptions for extrapolating risk
and causation from high to low doses are
also wholly deficient. If the equation
gives results so wrong for higher doses, it
is then equally wrong for low dose exposures, if not more so. Epidemiology as
well as calculation of probability shows
the low probability of disease occurrence,
too low to presume any basis for causation.

A small amount of amphibole yields a
greater probability of occurrence of
mesothelioma, i.e. 0.0000431 versus
0.0000039; however, that probability of
mesothelioma from such low dose is still
extraordinarily low.

Calculation of Bayes’ eorem
with Amphibole Exposure

Comparison to Background
Incidence of Mesothelioma

use of asbestos over the years in the
united States has been approximately 90
percent chrysotile and 10 percent amphibole. Assuming on that basis that a person’s cumulative dose from a particular
source was 90 percent chrysotile and 10
percent amosite, the probability of
mesothelioma from that source can be
determined using the Hodgson and
Darnton ratio for the relative potency of
fibers.39 Recalculation of P(B/A) in the
equation from the Balangero study may
be done as follows:

When the data from Bayes’ eorem is
compared to the incidence of spontaneous mesothelioma, courts and litigants
find how truly improbable it is that low
doses of asbestos exposure cause mesothelioma. e background rate of mesothelioma calculated as the lifetime rate per
million population is approximately 140
to 360.40 is is an average number of
250 lifetime risk per million of population. e fraction 250/1,000,000 yields
0.00025. Here is the comparison to the
probabilities calculated earlier:

Calculate the value of 10 percent
of the chrysotile exposure:
0.2 x 0.10 = 0.02
Deduct that amount from the
prior value of P(B/A):
0.2 – 0.02 = 0.18
using the ratio 100 to 1 for
amosite to chrysotile, calculate the
new value of potency of amosite:
0.02 x 100 = 2.0
8
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en, to each a result for 1 f/ccyrs, divide 0.0172517 by 400
f/cc-yrs which is 0.0000431.

• For 163,000 cases of mesothelioma
in the uS population: 0.0000166
• For mesothelioma in the Balengero
chrysotile mine: 0.0000039
• For mesothelioma with 10%
amosite exposure using the
Hodgson/Darnton ratio:
0.0000431
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“Even accepting the
‘no threshold” concept,
the result of an asbestosassociated disease from some
exposures is so improbable that
plaintiffs cannot meet
appropriate legal standards for
proof of causation.

ese numbers are not even as great as
the probability of contracting spontaneous mesothelioma which is admittedly
low. To establish the probability of causation, plaintiﬀs should be required to
prove much more than such minimal
possibilities.

Conclusion
As courts have expressed, the occurrence
of disease due to exposure must be
proven probable, and not the subject of
speculation and conjecture. ese pronouncements must be taken seriously.
Defense counsel in depositions and at
trial, when confronted with an issue of
causation, must treat causation as an
issue of probability, to-wit: what eﬀort
has the plaintiﬀ’s expert made to determine the probability that the dose of
exposure attributable to a defendant actually caused the disease. Whether applying
dose response equations, Bayes’ eorem
or epidemiology, the probability that a
low dose of asbestos exposure caused
mesothelioma is too low to justify any
finding of causation.
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