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   ABSTRACT
 
Following the Supreme Court’s Daubert v Merrell Dow
Pharmaceuticals, Inc decision, courts have struggled in reviewing
scientific evidence and appear to have appreciated insufficiently the
nature of scientific reasoning. To assist their evidentiary reviews,
courts need to appreciate both scientific complexity and ignorance
about human toxicity caused by the universe of chemical
substances.

Conscientious, well-motivated, respectable experts can come to different conclusions about scientific
evidence without making obvious mistakes and without being charlatans. So that justice is done between
parties, courts need to allow for reasonable scientific disagreement to avoid excluding from trials respectable
experts and all relevant scientific evidence.

The public health community can assist courts to understand ranges of scientific evidence and to recognize
the reasonableness of scientific disagreements.
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   INTRODUCTION
 
The US Supreme Court in Daubert v Merrell Dow
Pharmaceuticals, Inc and its sequelae, General Electric Co v Joiner
and Kumho Tire Co v Carmichael, sought to ensure a closer relation
between the law and the science in toxic tort and other legal
domains.1–3 As they implemented these decisions in toxic tort suits,
the Supreme Court, lower courts, and some state courts have struggled in reviewing scientific evidence.

I briefly review here the decisions that changed the law on admitting scientific evidence for consideration at
trial, and note the difficulties courts have had in excluding scientific evidence (animal studies and case
studies in particular), in recognizing the structure of scientific inferences, and in demanding human
evidence. (These particular issues are discussed in more detail elsewhere.4,5) I then consider forms of
inference that are fundamental to scientific reasoning: for epidemiological studies, for more complex patterns
of evidence, and for case reports that conclude that substances are toxic to humans.5 Because very little is
known about most substances registered for use in commerce, inferences about their causal properties and
courts’ tasks in assessing those inferences have been made more difficult. Thus, quite frequently scientists
must utilize the evidence available, which may not be the best, yet when combined it may be sufficient to
support causal inferences.

Well-motivated, respectable scientists can come to different conclusions about evidence without making
obvious mistakes and without being charlatans. To avoid excluding respectable experts from trials, judges
need to allow for these differences, letting juries hear all relevant scientific evidence. Will this be sufficient
to deliver justice? I do not consider that question here, but letting in the scientific evidence is a first step.

For the public health community, admissibility of scientific evidence in tort trials is important. By
authorizing compensation for those harmed by others, the law of torts assists in "regulating" risks.
Secondarily, successful tort suits, to some extent, deter others from similar conduct; unsuccessful suits can
send the opposite signal. Neither of these results is possible if suits are halted short of trial, as happens when
judges exclude scientific evidence and testimony offered by experts that would have linked the tort or injury
to a cause. If too few meritorious cases go forward, the tort law tends to become less protective, resulting in
increased risks to the public’s health.

When courts mishandle scientific evidence, distorting the science used in the law, they discourage scientists
from participating in trials–something they are reluctant to do in the first place. If scientists avoid this
important role, contrary to the Supreme Court’s aim in Daubert, court decisions may not benefit from an
accurate view of science. In addition, when courts make scientific mistakes they may perpetuate them
through precedents and examples followed by other courts.
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The public health community, alert to mistaken admissibility decisions and calling attention to good
scientific inferences, can assist judges. This will serve justice, help to deter wrongs, and protect public
health.

   THE LEGAL BACKGROUND
 
In Daubert, federal trial court judges were given a heightened duty
to review scientific expert testimony and its foundation prior to trial
that "entails a preliminary assessment of whether the reasoning or
methodology underlying the testimony is scientifically valid and of
whether that reasoning or methodology properly can be applied to
the facts in issue."1 Joiner and Kumho, addressing procedural issues, gave judges great latitude in
determining both how decisions to admit scientific evidence into trial are to be made and in making them. A
judge should determine whether an expert’s testimony falls inside "the range where experts might
reasonably differ" in order to be admitted.3 These admissibility decisions can be appealed and subsequently
overturned only if the judge "abused his/her discretion."2 The abuse-of-discretion standard makes it
extremely difficult for a party losing an admissibility hearing to appeal successfully, meaning less appellate
court policing of district courts than there might have been. Trial courts consequently have greater
responsibilities on their own to ensure that their decisions are reasonable and fair.

But many judges have found it hard to assess different kinds of scientific evidence and forms of scientific
inferences, thus threatening the reasonableness of trial decisions.

   COURT REVIEWS OF SCIENTIFIC EVIDENCE
 
Court-Excluded Evidence
Animal studies and human case reports are relevant to assessing the
toxicity of substances to human beings, in science and the law.
Evidence is scientifically and legally relevant to making a causal
judgment, if it tends to make that judgment more or less correct.6–11

The general causation question in toxic tort cases is whether a substance can be harmful to human beings.
The specific causation question is whether defendant’s substance in fact caused plaintiff’s injuries. How
much each piece of relevant evidence can contribute to an explanation depends on the other evidence
available for making such judgments and how the evidence "fits together."12 Just how much a scientist
judges each piece of evidence to assist in explaining whether or not exposure contributes to a disease may
depend on the scientist’s discipline as well as on his/her individual judgment.

Animal studies. Controlled animal experiments, in which randomly selected animals are exposed to different
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doses of a possible toxicant (experimental groups) and compared with a randomly selected group not so
exposed (the control group), are highly regarded and routinely relied on by the scientific community for
assessing the causal properties of substances. In experimental design, animal studies resemble clinical trials.
Judges, however, reviewing the scientific foundation of expert testimony, have been overly critical of animal
studies, failed to understand them, or dismissed them outright for what appear to be poor reasons.13–18

Animal studies are not mathematically certain guides to the toxicity of substances in humans (and this is
certainly not required by the law of torts). They are, however, scientifically relied on for identifying
carcinogens and other toxicants, being in most cases, more likely than not, reliable for general causation in
the law.4 They can pose a problem for non-scientists who may be misled by superficial physical differences
between animals and humans (rodents are smaller, have fur, whiskers, funny noses, tails, a lesser brain, and
behave differently), and even by some biological differences (size, lifespan, metabolic rate, and some
different organs), while overlooking important and deep biological similarities.

Well-respected researchers have articulated reasons for the presumptive strength of animal studies for
identifying carcinogens. The late David Rall, former head of the National Institute of Environmental Health
Sciences, noted "experimental evidence to date suggests that there are more physiologic, biochemical, and
metabolic similarities between laboratory animals and humans than there are differences."19 Furthermore,
fundamental "biological processes of molecular, cellular, tissue, and organ functions that control life [such as
sodium and potassium transport and ion regulation, energy metabolism, and DNA replication] . . . vary little
in the aggregate as one moves along the phylogenic ladder."20

And finally, "The more we know about the similarities of structure and function of higher organisms at the
molecular level, the more we are convinced that mechanisms of chemical toxicity are, to a large extent,
identical in animals and man."20

Patterns of carcinogenic responses in mammals suggest that a chemical causing cancer in one species will
likely do so in another.21 Independent researchers, the National Academy of Sciences, and the US
Environmental Protection Agency (EPA) concur in many of these judgments.22–26 A group of researchers
from the National Institute of Environmental Health Sciences, the National Cancer Institute, the National
Institute for Occupational Safety and Health, the University of North Carolina, the International Agency for
Research on Cancer (IARC), and Linkoping University (Sweden) have concluded that experimental results,
in particular long-term carcinogenicity tests, have proved to be valid predictors of human risk.26

The legal news for animal studies is not all bad. Some courts have recognized the scientific value of animal
studies and have overcome a substantial record that developed from the unusual evidentiary records in the
Agent Orange and Bendectin cases. The Third Circuit Court of Appeals in In re Paoli Railroad Yard has a
discussion of some of these cases.27

Case studies as evidence. Courts have a mixed record on admitting case studies as relevant evidence in court
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cases about toxic torts or vaccine injuries. Out of 64 ordinary federal tort cases, 14 courts accepted case
studies as relevant evidence and 36 rejected them, with the remainder not making them the focus of
discussion.28 Sometimes individual court judges dismiss case studies out of hand.29 In an additional 33
federal claims court cases under the National Vaccine Injury Compensation Program, federal magistrates all
appear to regard case studies as scientifically relevant for causation, in judging causation in vaccine cases
that are not automatically compensable in so-called "on table injuries." For plaintiffs to receive
compensation for injuries not included in these tables, they must make a scientific case for compensation
reasonably similar to those in tort cases.28 (Most of the magistrates in the vaccine program accept Daubert
criteria.) Thus, the record of federal magistrates in Federal Claims Court cases in recognizing case studies as
evidence is better than ordinary federal judges in tort cases, but I consider only tort cases (the vaccine injury
cases have some special features, but not on the scientific relevance of case reports). The vaccine injury
magistrates appear to be more familiar with a wider range of scientific evidence than less specialized district
court and appellate judges, which may account for differences between the judges.

Case studies are in general not mathematically certain guides to causal relationships, because some are good
studies, others poor. Some merely report an association between an exposure to a drug, poison, vaccine, or
other substance and the onset of disease, without analysis about whether the exposure might explain the
disease. For case studies to provide evidence for causal relationships, they should satisfy analytical criteria
that resemble standard scientific inferences to be discussed in the next section.10,11

The World Health Organization and the US Institute of Medicine both use case studies as evidence in
making causal inferences (especially about reactions to drugs, vaccine, and poisons, but also about
carcinogens). They have explicit criteria by which to judge when case studies constitute good evidence for
human causation.30–32 When judges decide whether studies can assist the jury in coming to its decision and
thus be put in evidence, they too must consider whether the case studies provide good support of causality.

Causal Inferences
Lawyers and judges do not always concur with the scientific community’s acceptance of animal and case
studies. The legal community, moreover, may not appreciate the numerous ways in which generically
relevant evidence can fit together to support causal inferences. Consider a dramatic example: how scientists
pieced together evidence to come to a powerful conclusion about the structure of DNA, the foundation of
many recent developments in biology.

[Irwin] Chargaff’s discovery that there are approximate regularities in the relative proportions of
adenine and thymine, guanine and cytosine in DNA is hardly, by itself, strong evidence that
DNA is a double-helical, backbone-out macromolecule with like-with-unlike base pairs;
Franklin’s X-ray photographs of the B form of DNA are hardly, by themselves, strong evidence
that DNA is a double-helical, backbone-out macromolecule with like-with-unlike base pairs.
That the tetranucleotide hypothesis is false is hardly, by itself, strong evidence that DNA is a
double-helical, backbone-out macromolecule with like-with-unlike base pairs, and so on. But
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put all these pieces of evidence together, and the double-helical, backbone-out, like-with-unlike
base pairs structure of DNA is very well warranted (in fact, the only entry that fits).12

This esoteric but fundamental discovery of the structure of DNA is likely much more difficult than inferring
whether an exposure to a substance has made a causal contribution to disease. Yet it points to the necessity
for scientists, whether in the courtroom or laboratory, to piece together scientifically relevant evidence in a
plausible way to explain phenomena.

Courts, in ruling on the admissibility of scientific evidence, may fail to appreciate (a) the fact that causal
conclusions result from inferences, (b) the form of inference used to make such judgments, (c) the greater
complexity of some inferences, and (d) the difficulties in assembling evidence needed to make such
inferences.

How can we describe the inference structure that leads to a causal conclusion, such as a well-warranted
explanation of the structure of DNA or toxicity causation? Some philosophers of science and scientific
methodologists call them "inferences to the best explanation," "diagnostic induction," "diagnostic
arguments," or "differential diagnosis."8,33–37 Regulatory agencies use the term "weight of the evidence" for
the same inference structure.22

An inference to the best explanation involves a process of reasoning. Scientists consider different plausible
explanations of the phenomena in question; take into account all the relevant and available evidence that
assists explanation, as well as evidence that might help distinguish between explanations; piece the relevant
evidence together in the most plausible way; and then judge which of the competing explanations has the
best support. Several factors guide a scientist’s reasoning process: skill in making plausibility judgments,
background knowledge, understanding of possible causes, or explanations of circumstances that need
explanation. The plausibility of a casual inference depends importantly on an expert’s skill, understanding,
and knowledge of the evidence in question; there is no set of necessary and sufficient conditions that guide
causal inferences.5,34,38

In toxic tort cases, the diagnostic question is, "Does the available relevant evidence, taken together, better
support the claim that the exposure contributed to the disease in question or does it better support some
alternative explanation of the person’s disease?" For the admissibility decision—whether or not  to admit the
expert’s opinion in the trial—the question is whether the scientific expert’s reasoning about the phenomena
falls within the range where respectable scientists could reasonably disagree.3

Inferences to the best explanation have posed problems for the courts. The district court in Joiner v General
Electric seemed to analyze and reject each piece of evidence individually as inadequate to support plaintiff’s
ultimate conclusion, while not assessing the body of the evidence taken as a whole.

On appeal the 11th Circuit Court of Appeals, correctly seeing that it was incumbent on courts to evaluate
whether all the relevant evidence taken together provided a sufficient basis for admitting scientific experts,
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overturned the Joiner district court’s review of the evidence for admissibility. However, the Supreme Court
overruled the 11th Circuit on the procedural issues, and then went beyond procedure and seemingly
endorsed assessment of each piece of evidence for how well it supported the ultimate conclusion. The
Supreme Court seemed to reject standard scientific inferences.2,5 Justice Stevens, in dissent, recognized the
salience of inferences to best explanation (he called them "weight of the evidence" arguments) and would
have remanded the case for a hearing on whether all plaintiff’s evidence in support of its explanation of Mr.
Joiner’s lung cancer satisfied the requirements for admissibility in that case.2

It is one thing to reject plaintiff’s experts because no one piece of evidence by itself adequately supports the
ultimate conclusion that exposure to PCBs contributed to lung cancer (something no scientist would do). It is
quite another to claim that the scientific experts’ reasoning and methodology, using an inference to the best
explanation and considering all the relevant evidence together, supported the explanatory conclusion
(something the Court did not analyze). The Court’s opinion in Joiner risks misleading lower courts, inviting
similar mistaken rejections of particular evidence or having a chilling effect on efforts to review scientific
evidence in the same way that scientists do.

The structure of inference to the best explanation explains why, in a particular case before a court, there may
be evidence that individually does not support the claim that exposure to a substance makes a causal
contribution to disease, but when pieced together with other evidence in a scientifically plausible way does
support the conclusion.5 How well the various pieces of evidence fit together is what matters in supporting a
causal inference.5,12 In short, there is no univocal pattern that is always right or that is always required to
draw an inference.4 Both toxicological and epidemiological evidence correctly assembled may support an
inference of a substance’s toxic effects.

Court-Required Evidence
Contrary to scientific views of relevant evidence, some courts have demanded epidemiologic evidence; a
few have required the expert to offer a mechanistic explanation for causation before admitting the expert’s
opinion in trial.

Mechanistic evidence. A few courts, perceiving the importance of understanding the mechanisms by which
diseases occur, have suggested that mechanistic evidence is a necessary condition of evidence that provides
a foundation for expert testimony.39–41 Understanding the mechanism by which exposure to a toxic
substance causes disease—e.g., asbestos (mineral fibers) deposited in the lungs causes mesothelioma;
particular bacteria cause stomach ulcers—greatly assists causal inferences.6 However, mechanistic evidence
is often not available. Until as recently as 1991, mechanisms to explain beneficial and harmful effects of
aspirin were unknown.42 Moreover, mechanistic evidence is asymmetrical—when present it can greatly
strengthen a causal inference, but when absent it does not necessarily undermine the inference.38

Epidemiologic evidence. Many courts have required experts to provide a foundation for their testimony
using human epidemiologic studies. Michael Green documented this, pointing to a line of cases from the
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Agent Orange and Bendectin litigation that he argued "are best understood as adopting an epidemiologic
threshold, or more restrictively, a statistically significant epidemiologic threshold, for plaintiffs to establish
in order to create a submissible case."43,44 Some other courts, designating epidemiologic studies among the
best kinds of evidence (but asserting they are not absolutely necessary), have, in effect, denigrated other
kinds of evidence, such as animal studies and case reports. They have concluded that scientific evidence and
expert opinion not based on epidemiology is defective—tantamount to requiring epidemiologic
studies.18,43–45

The attraction of epidemiological studies is clear. They consider the effects of exposures on humans, the
concern in toxic tort suits. To demonstrate a substance’s human toxicity, well-designed and executed
epidemiologic studies, plus clinical trials, human case studies, and molecular and toxicity data from humans,
can be among the best evidence.4

Despite the obvious attraction of epidemiologic studies there are various problems, limitations, and
shortcomings that affect their usefulness, especially in toxic tort suits. For many substances, epidemiological
data simply are not available.19 If deliberate exposure of people would be unethical, then studies must be
conducted when adventitious exposures occur, making it difficult to collect accurate exposure information.
And such studies are expensive. Stringent statistical significance criteria, which increase a study’s scientific
respectability by reducing false positives, also risk being too insensitive to detect the risks in question.43,46

Even when a substance contributes to adverse effects, studies too small or too short may not detect them.47

Human studies delayed until long after exposure can also underestimate risks.48,49 Courts must thus be
especially careful in admitting insensitive or misleading studies because they may be falsely negative, an
issue of equal concern in the tort law along with false positives.4,43,46 Finally, conducting an appropriate
epidemiological study is often not an option, for a variety of reasons: too few may be exposed, exposure
data may be poor, the diseases may be rare, or studies may be very expensive.4

Epidemiologic studies are not controlled experiments. Their reputation in the scientific community may not
be nearly as strong as their importance for federal judges. As one National Cancer Institute scientist notes:

There is a perception in the scientific community that epidemiological evidence, observational
in nature and prone to confounding and bias, is weaker evidence than animal model studies and
other types of laboratory-based toxicological studies. . . . Decades old, . . . this perception is
likely to be mitigated by the recent development and successes of molecular epidemiology and
multidisciplinary programs in disease prevention that develop and use evidence from many
different scientific disciplines.50

Although difficult to document, judges may also take negative epidemiological studies at face value, a
mistake to which scientists are sensitive: "no evidence of an effect" is not "evidence of no effect." Thus, a
consensus scientific body such as the IARC requires that some highly specific and detailed conditions should



09/20/2006 09:55 PMScientific Inferences in the Laboratory and the Law -- Cranor 95 (Supplement 1): S121 -- American Journal of Public Health

Page 9 of 21file:///Users/tfschrager/Desktop/Science:courtroom/AJPH:Daubert%2…%20--%20Cranor%2095%20(Supplement%201)-%20S121%20--%20.webarchive

TOP
ABSTRACT
INTRODUCTION
THE LEGAL BACKGROUND
COURT REVIEWS OF SCIENTIFIC...
PATTERNS OF EVIDENCE
References

be met before making such an inference. Even then the results apply only to the disease endpoint of what
was studied and not to unrelated diseases or tumors.32

   PATTERNS OF EVIDENCE
 
Causal Inferences in Epidemiology
Epidemiological evidence does not carry conclusions "on its face,"
but like all scientific evidence underdetermines the explanation; it is
logically insufficient to guarantee a particular conclusion in the
same way that the premises of a mathematical argument or
deductive logic can logically ensure a conclusion.5,8 Thus, scientists must infer what the evidence shows:
"The basic strategy of the practitioner of causal inference is to distinguish among several alternative
hypotheses, all of which are underdetermined by the evidence."51

Such inferences provide "many opportunities within the practice of causal inference for scientists to hold
different opinions about which scientific values are important to the assessment of evidence."51 Researchers
may reasonably disagree on considerations used to assess whether a study shows a causal relationship or on
their application of these considerations—strength of association, coherence, consistency, or confounding.51

One researcher might, for example, place greater emphasis on lack of consistency between one study and
others. Another might have a different understanding of biological plausibility, although no one rejects
biological plausibility as a consideration.

Differences in judgment can lead to different conclusions about what studies show. Even when competent,
well-intentioned, conscientious scientists use identical data and identical generic considerations for
interpreting it, they might reasonably and without mistake interpret the data and criteria somewhat
differently. They might use somewhat different "rules of inference" for applying the criteria, and, as a result,
reach different conclusions.51 The public health community can help judges understand the origins of
scientific disagreement, so that they do not exclude experts whose disagreements are within the boundaries
of reasonable scientific inferences.3

Causal Inferences from Mixed Scientific Evidence
Scientists, piecing together more complex patterns of evidence—from human, animal, and other studies—to
reach conclusions about causation, face more daunting tasks. To illustrate scientific inferences from complex
and varied data, I review patterns of causal evidence from which scientists have drawn conclusions about
adverse health effects. I utilize consensus judgments about probable or known human carcinogens from
prominent national and international scientific bodies—perhaps not totally uncontested (because of scientific
disagreement), but the result of extensive scientific assessment and discussion, and carrying widespread
endorsement.

A few examples are of known human carcinogens; several are of substances classified as "probable human
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carcinogens" by the IARC or substances "reasonably anticipated to be carcinogenic to humans" by the
National Toxicology Program. Either assessment entails a greater degree of certainty than "more likely than
not"—the standard of proof in the tort law or the less stringent admissibility requirements in torts.1,27 The
former director of the IARC Monograph Series noted that the classification "‘probably carcinogenic to
humans’ would mean that the evidence is just a little short of certainty that the exposure in question has
actually caused human cancer."52

There is almost no direct human evidence of human carcinogenicity for 4,4'-Methylene bis(2-chloroaniline)
(MOCA), used as a "curing agent in urethane and epoxy resin systems" and in making "jet engine turbine
blades, radar systems, and home appliances." Three human case studies showed elevated urinary bladder
cancer among workers screened at a MOCA factory, but were insufficient for a statistically significant
inference of causal association. Animal evidence is strong: MOCA causes liver, kidney, lung, and mammary
gland tumors in rats, liver tumors in female mice, and urinary bladder tumors in beagle dogs. On this
evidence alone—cancer in multiple sites in two sexes of one mammalian species, in multiple sites in three
different species (mice, rats, dogs)—many scientists and several consensus scientific committees judge
MOCA a probable human carcinogen.53

There is mechanistic evidence. MOCA forms adducts with DNA in rats (and DNA adducts in one human
exposed to high doses). Adducts on DNA interfere with DNA functioning in both animals and humans,
suggesting a likely toxicity mechanism common to mammals. IARC has found that MOCA causes DNA
damage across a wide range of species, thus, making it "comprehensively genotoxic."53 Animal evidence—
combined probable mechanism of action—provided IARC with sufficient evidence to judge that MOCA was
a probable human carcinogen.

Consider a second evidentiary pattern, the evidence on 1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea
(CCNU), an anticancer drug. There are no human clinical trials or epidemiological studies showing that it is
a carcinogen. In 1981, IARC noted a few human case reports of patients administered CCNU (along with
other cytotoxic agents) who developed acute nonlymphocytic leukemia. More important for the IARC
inference was that CCNU induced lung tumors in rats, also causing a slight increase in lymphomas in mice.
Importantly, CCNU (and several related compounds) act directly as alkylating agents in animals,54 meaning
they attach an alkyl chemical group to the DNA and induce genetic mutations and chromosomal breakage,
effects likely to lead to cancer in humans.4,55

Because virtually all the evidence that CCNU is a carcinogen comes from animal studies, the evidentiary
pattern is noteworthy. A single study showed "increased frequency of sister chromatid exchanges" in humans
(a measurement of DNA repair and an indirect measurement of DNA damage).56 Apart from the few case
studies in 1981, no direct evidence from human studies contributes to the scientific committees’ consensus
that it is a probable human carcinogen.

Were a similar case in court, defendants—manufacturers or those who prescribed the drug—might tell
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judges that there are no statistically significant epidemiological studies demonstrating adverse effects from
exposure. This is a red herring. None has been done, and they would be difficult to conduct. Populations
administered CCNU are likely to be small and a much smaller number yet will live to develop tumors. If
such studies could even be done, they would likely be insensitive—unable to separate out the causes of
CCNU from other toxic drugs that can disrupt normal biological functioning received by these cancer
patients.

Yet the CCNU evidence is persuasive because powerful biological analogies between animals and humans at
the genomic, molecular, cellular, and tissue levels are sufficient to persuade scientists that CCNU is a
probable human carcinogen, without specific human epidemiologic or clinical trial evidence linking cancer
to CCNU.

Scientists have judged commercial benzidine-based dyes, a third example, to be probable or known human
carcinogens. Animals and humans metabolize some of these dyes to benzidine, a known human carcinogen;
thus, the US National Toxicology Program judged them to be known human carcinogens.57

Other benzidine-based dyes (a larger class) do not necessarily metabolize to benzidine, but are so similar in
chemical structure that the IARC designates them probable human carcinogens. For three dyes in particular
—Direct Black 38, Direct Blue 6, and Direct Brown 95—there were no specific epidemiological studies. A
study of "silk dyers and painters who had had multiple exposure to benzidine-based and other dyes"
demonstrated bladder cancer.58 Nonetheless, studies provided sufficient evidence of carcinogenicity for all
three in rats or mice or both. Direct Black 38, administered in drinking water, produced liver and mammary
tumors in mice as well as hepatocellular carcinomas, urinary bladder tumors, and liver and colon tumors in
rats.58 Direct Blue 6 induced heptocellular carcinomas in rats within only 13 weeks after its oral
administration.58 Direct Brown 95 similarly produced hepatocellular tumors in rats after only 13 weeks, an
extremely short period in a 102-week study.58

Other "relevant data" contributed to the inferences. Benzidine-based dyes are all structurally related to
benzidine, a known human carcinogen; thus, there is a good chemical structure–biological activity link
between the benzidine dyes and benzidine. The dyes are also contaminated with small amounts of benzidine.
Workers exposed to some benzidine-based dyes have traces of benzidine in their urine. All the dyes show
some mutagenicity or effects on mammalian DNA.

The three substances or classes of substances presented here lacked traditional human studies showing a
causal association between exposure and cancer. Yet all have been judged by scientists to be probable
carcinogens. They are not isolated examples: for about three quarters of 54 substances listed by the IARC as
probable human carcinogens, limited or inadequate human evidence exists.59 IARC inferences are supported
instead by controlled studies in animals and by other biological evidence, usually revealing a mode of action
that strengthens the inference. IARC scientists ruled out alternative explanations, for example, that the
animal studies are statistical accidents; animal mode-of-action studies are not relevant to humans; and
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particular chemical structure–activity relationships are not relevant to humans. They accepted animal results
as powerful evidence of adverse effects in humans, in that cellular and DNA damage in animals and humans
are similar. Scientists conclude that the evidence taken as a whole supports the conclusion through a process
of considering plausible alternative explanations, ruling out major competitors as being less likely to be part
of good scientific inferences, and concluding that the exposure contributes to the disease.

Causal Inferences from Case Studies
An anesthesiologist was repeatedly exposed to halothane during his early medical career. After his first
exposure, he developed hepatitis. On at least five other occasions over a 6-year period, each time he was
exposed to halothane he developed hepatitis—except a few times, when he was on prednisone. When no
longer exposed to halothane, he recovered. To confirm the causal link, he requested a "rechallenge," a
deliberate exposure to halothane under controlled conditions. He suffered an acute attack of hepatitis within
24 hours. The authors of the study concluded, "It is highly probable that halothane was responsible for the
recurrent attacks of hepatitis in this case."60 Moreover, this causal inference was endorsed by the Institute of
Medicine and is paradigmatic of Mill’s Method of Difference for drawing causal inferences.30,61 (The
Institute also identified other case studies as supporting causal judgments.30)

In some respects, such an inference is easy because of the temporal proximity between exposure and the
adverse reaction as well as the patient’s consistent recovery when halothane was removed. Yet halothane has
posed difficulties for courts.

A federal district court judge in California refused to admit plaintiff’s experts in a case concerning
halothane-caused hepatitis. The particular case concerned chronic, not acute, hepatitis, but the judge
excluded the experts because "such case reports are not reliable scientific evidence of causation."29 His
ruling might have indicated he was concerned only with the evidence before him, but his use of "such"
conveyed wider condemnation, and his view has been widely repeated as a reason for rejecting all case
studies as evidence. Some judges continue to reject temporal proximity between exposure and disease as
relevant to showing causation, despite cases such as the anesthesiologist’s in which temporal proximity
assists causal inference.28 The judge may not have understood the range of case studies—descriptive case
studies (which may not be good evidence for toxicity) and more analytic case studies—to rule out other
explanations. The latter use all other available evidence to assess whether a case study probably or certainly
shows causation.

The identification of vinyl chloride monomer, used to produce polyvinyl chloride, as a potent human
carcinogen in a Goodyear polyvinyl chloride plant in Kentucky depended on a more difficult causal
inference, also relying largely on case studies. On the basis of 3 cases of a rare form of liver cancer in
workers (angiosarcoma), two occupational physicians inferred that exposure to the monomer was the likely
cause. A follow-up search revealed 8 other cases of the disease. Animal studies of vinyl chloride, where the
monomer had induced the same kind of cancers, and a few human reports from other plants supported the
conclusion. The causal inference was made easier, because the disease was very rare (only 25 cases among
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250 million US citizens) and had only three other known causes (excessive alcohol consumption, arsenic
exposure, and thorium dioxide exposure), which scientists used to rule out other causes for all but one of the
workers.62

Lack of Information about Potential Toxicants
Substantial lack of information about the universe of chemical substances exacerbates courts’ tasks in
reviewing scientific evidence. Some evidentiary heuristics adopted by judges may result from an assumption
that good scientific evidence about each substance exists (or perhaps that it is easily acquired). Perhaps this
accounts for an emphasis on epidemiologic studies. If judges believed, for example, that epidemiologic
evidence were readily available, it is not surprising that they would reject plaintiffs’ experts for not
presenting it. Perhaps judges have been spoiled by robust evidence offered by the defendants in the
Bendectin cases, anticipating comparable evidence in every case.43,44

The data about any given substance are likely far from ideal and not readily available. Even a cursory
review of chemical substances reveals that scientists and the regulatory community appear to know little
about the approximately 100000 substances registered for commerce and in common use in the United
States. Another 800 to 1000 are added to the list each year with minimal or no testing.63,64 Not all are
problematic, as about 23% are polymers and about 33% present no or only little exposure.65 In 1984, the
National Academy of Sciences found that there were 12860 substances produced in volumes exceeding 1
million pounds per year. For 78% of them, no toxicity information was available. There were 13911
chemicals produced in volumes of less than 1 million pounds (76% with no toxicity data), 8627 food
additives (46% with no toxicity data), 1815 drugs (25% with no toxicity data), 3410 cosmetics (56% with no
toxicity data), and 3350 pesticides (36% with no toxicity data).66

The ingenuity and motivation of free-enterprise institutions produces large numbers of substances without
substantial information about their effects on human health and the environment. Unfortunately, these
substances and knowledge about them appear out of the control of the institutions that could protect public
health and the environment. In the early 1990s there was insufficient change in the data to justify updating
the National Academy Report.67 For the 3000 substances produced in the highest volume (and perhaps
representing the most serious problems), substantial toxicity data were lacking in 1998 for about 75% of
them, when the EPA entered into an agreement with the producers to close the knowledge gaps.68 However,
in 1995 there were another 1000 to 12000 high-production substances for which extensive toxicological
information was judged quite important but was not available.69

Most substances enter commerce subject only to postmarket regulatory laws. Little or no premarket testing
occurs. If then the chemicals cause harm, the victims may sue, but they face extremely high knowledge and
scientific barriers to bring their case to trial about their injuries. Similarly, substances screened under
premarket statutes are usually tested in very limited studies that are insufficient to identify risks to the large,
heterogeneous populations that will be exposed when the substances enter commerce.
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To obtain relief in the tort law, plaintiffs must then find or develop information that institutions failed to
require or that the company failed to pursue about its own products. Defendants defend themselves by
denying there is evidence about the toxicity of substances in humans and then by disparaging the relevance
and reliability of other kinds of evidence. They will get plaintiffs’ expert testimony excluded if judges do not
appreciate the relevance of different kinds of evidence. Judges who impose scientifically mistaken or overly
stringent admissibility barriers create powerful incentives that reinforce the structural problem. There is little
reason for firms to investigate their own products as it becomes easier to avoid a tort law trial by
challenging a plaintiff’s experts at an admissibility hearing.4,44,46,70

The Fact of Reasonable Scientific Disagreement
Respectable experts will disagree, for several reasons:

the nature of scientific inferences 

disagreements about application of agreed-on causal criteria 

lack of scientific knowledge about potentially toxic substances 

complex evidentiary patterns they will be forced to assess 

However, it is not simply that there will be disagreements, but these disagreements are perfectly reasonable
and legitimate, given the complex inferences that must be made. (I borrow the idea of "reasonable
disagreement" from Rawls.71)

Scientific evidence underdetermines or less than fully determines explanations for a disease or adverse
outcome. Not surprisingly, scientists can disagree about the interpretation of identical studies. On scientific
advisory panels, members often disagree about the toxicity of a substance or exposure; usually such panels
must vote in order to come to conclusions.72,73 Legitimate disagreements arise more frequently when
complex inferences must be drawn based on the toxicological evidence scientists assemble in coming to
conclusions. When evidence is conflicting and complex, it is more difficult to assess and evaluate. Even
when scientists fully agree about the kinds of studies and the criteria that are appropriate for interpreting
them, they may reasonably disagree about the weight to be attributed to each.51 Relevant concepts are often
vague and subject to difficult cases. This results in indeterminacy, leading reasonable persons to disagree.
Finally, because of how individual scientists assess different kinds of evidence, the weight they give to it,
and the background knowledge they bring to it, an irreducible scientific judgment enters into assessing
scientific evidence to infer that a substance does or does not cause a disease. When such conditions obtain
for scientific experts, it is not just that experts disagree with one another; the disagreements are quite
reasonable and legitimate.

For judges not to intrude on litigants’ Seventh Amendment right to a jury trial, which may happen when
they mistakenly exclude before trial particular scientific testimony, they should recognize the fact of
reasonable scientific disagreement that can easily exist between respectable experts. Courts, in addition to
understanding the nature of scientific inferences and a variety of scientific evidentiary patterns, must also
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recognize that conscientious, respectable scientists, exercising their scientific judgment, can legitimately
come to conclusions that differ with one another without being charlatans, lying, or reasoning egregiously.4

If the Daubert trilogy of decisions tried to ensure that the law better comports with the relevant science, this
will happen only if courts recognize the complexity of scientific evidence, how scientists draw inferences
from such evidence and the fact of reasonable disagreements between respectable scientific experts. With the
help of the public health community, judges might rectify overreactions to the initial Daubert teaching and
help ensure that the courts use in the courtroom the kinds of inferences that public health scientists use in
their research. This in turn would modestly assist in increasing public health protections from toxicants.
Whether such changes will ultimately be sufficient is a further and more difficult issue that must be
addressed more fully at another time.4,70
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