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MILWARD V. ACUITY SPECIALTY PRODUCTS: 
ADVANCES IN GENERAL CAUSATION TESTIMONY IN 

TOXIC TORT LITIGATION† 

CARL F. CRANOR†† 

uppose you had worked in a plant that used 4,4’-Methylenebis 
(2-chloroaniline), also known as MOCA, an aromatic amine. 

This is used in the polyurethane industry to cure epoxy resins to 
create “tough, resistant polyurethane products.”1 It helps to create 
prepolymers that in turn become the basic material for “castable 
urethane rubber products such as shock-absorption pads and 
conveyor belting.”2 In the laboratory, scientists use it as a model 
for carcinogenicity.3 This exposure would have made you one of a 
few thousand workers who were directly exposed to MOCA, or one 
 

 † Earlier drafts were available at the Milward v. Acuity Specialty Products symposium 
co-hosted by the Wake Forest Journal of Law & Policy and the Center for Progressive 
Reform, as well as read and discussed by the Southern California Law and Philosophy 
Seminar, including Steven Munzer, John Davis, Craig Ihara, Calvin Normore, Thomas 
Morawetz, Kory DeClark, and Chris Naticchia. David Eastmond of the Environmental 
Toxicology Graduate Program at the University of California, Riverside, also provided 
valuable comments and suggestions. 
 †† Distinguished Professor of Philosophy and Faculty Member, Environmental 
Toxicology, University of California, Riverside. As a matter of transparency, the author was 
the scientific methodology expert for plaintiffs in Milward and has written extensively on 
these scientific issues for a decade and a half in a variety of publications including: CARL F. 
CRANOR, TOXIC TORTS: SCIENCE, LAW AND THE POSSIBILITY OF JUSTICE (2006) [hereinafter 
TOXIC TORTS]; Carl F. Cranor, A Framework for Assessing Scientific Arguments: Gaps, 
Relevance and Integrated Evidence, 15 J.L. & POL’Y 7 (2007) [hereinafter Framework]; Carl F. 
Cranor, Scientific Inferences in the Laboratory and the Law, 95 AM. J. PUB. HEALTH S121 

(Supp. 2005) [hereinafter Scientific Inferences]; Carl F. Cranor & David A. Eastmond, 
Scientific Ignorance and Reliable Patterns of Evidence in Toxic Tort Causation: Is There a Need for 
Liability Reform?, 64 LAW & CONTEMP. PROBS. 5 (2001); Carl F. Cranor et al., Judicial 
Boundary Drawing and the Need for Context-Sensitive Science in Toxic Torts After Daubert v. 
Merrell-Dow Pharmaceuticals, Inc., 16 VA. ENVTL. L.J. 1 (1996) [hereinafter Judicial 
Boundary Drawing]. 
 1. See Some Aromatic Amines, Organic Dyes, and Related Exposures, 99 IARC 

MONOGRAPHS ON THE EVALUATION OF CARCINOGENIC RISKS TO HUMANS 328 (Int’l Agency 
for Research on Cancer, World Health Org., 2010) (discussing how the polyurethane 
industry produces certain products) [hereinafter Aromatic Amines]. 
 2. Id. 
 3. Id. 

S 
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of another ten to fifteen thousand who were indirectly exposed.4 
Suppose further that, after a comparatively short period of time, 
you were diagnosed with early stage bladder cancer that had been 
caused by MOCA.5 The International Agency for Research on 
Cancer (“IARC”) classifies MOCA as a known human carcinogen.6 

In this hypothetical, had you sought compensation for the 
injuries you suffered as a result of exposure to MOCA, in many 
federal district courts you would not have been able to present 
your case to a jury for the injuries suffered. A number of federal 
judges, operating under their understanding of the Daubert trilogy 
of cases,7 would have prevented your general causation expert 
from testifying that MOCA more likely than not could cause 
bladder cancer.8 

Why would this be? In 2010, the IARC concluded that 
MOCA is a known human carcinogen.9 However, there are no 
epidemiological studies, so in the IARC’s terminology there is 
inadequate evidence for MOCA’s carcinogenicity in humans (there 

 

 4. Id. at 329. 
 5. See Elizabeth Ward et al., Bladder Tumors in Two Young Males Occupationally 
Exposed to MBOCA, 14 AM. J. INDUS. MED. 267, 268–70 (1988) (discussing how MOCA 
caused cancer and the early detection phase of the diagnosis) [hereinafter Bladder 
Tumors]. 
 6. See Chemical Agents and Related Occupations, 100F IARC MONOGRAPHS ON THE 

EVALUATION OF CARCINOGENIC RISKS TO HUMANS 75 (Int’l Agency for Research on 
Cancer, World Health Org., 2012) [hereinafter Chemical Agents] (explaining the 
carcinogenicity of MOCA as found in various experiments). 
 7. Daubert v. Merrell Dow Pharm., Inc., 509 U.S. 579 (1993); Gen. Elec. Co. v. 
Joiner, 522 U.S. 136 (1997); Kumho Tire Co., Ltd. v. Carmichael, 526 U.S. 137 (1998). 
 8. The Daubert trilogy—which includes Daubert, Joiner, and Kumho—is a trio of cases 
that, together, established admissibility standards for scientific testimony in trials in 
United States’ courts. Daubert explains that general acceptance is “not a necessary 
precondition to the admissibility of scientific evidence under the Federal Rules of 
Evidence, but the Rules of Evidence . . . do assign the trial judge the task of ensuring that 
an expert’s testimony both rests on a reliable foundation and is relevant to the task at 
hand.” Daubert, 509 U.S. at 597. Further, the court noted, “pertinent evidence based on 
scientifically valid principles will satisfy those demands.” Id. Joiner further explains, “A 
court of appeals applying ‘abuse-of-discretion’ review to such rulings may not categorically 
distinguish between rulings allowing expert testimony and rulings disallowing it.” Joiner, 
522 U.S. at 142. Lastly, Kumho further clarifies the factors that are looked at when 
determining the “admissibility of an engineering expert’s testimony,” and clarifies that an 
expert should be permitted to testify as long as the testimony falls inside “the range where 
experts might reasonably differ, and where the jury must decide among the conflicting 
views of different experts, even though the evidence is ”shaky.” Kumho, 526 U.S. at 146, 
153. 
 9. TOXIC TORTS, supra note ††, at 307. 
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are a few case reports).10 In contrast, there is sufficient evidence 
that it causes cancerous tumors in animals where it is a multiorgan 
carcinogen.11 The same DNA adducts were found in animals and 
in a few humans.12 In addition, there is strong mechanistic 
evidence that MOCA has genotoxic mechanisms that include 
“metabolic activation, formation of DNA adducts, and induction 
of mutagenic and clastogenic effects in humans.”13 This body of 
evidence strongly supports the conclusion that MOCA is a human 
carcinogen. Yet many courts would not allow expert testimony 
based on such data. 

One legal problem in the U.S. is that many courts’ 
understandings of the science for identifying toxic substances do 
not correspond to scientists’ understandings of the same issues. 
Such courts have created principles for reviewing expert testimony 
and its scientific foundation that are at odds with how scientists 
themselves would review the same evidence.14 

However, a recent decision by the First Circuit Court of 
Appeals in Milward v. Acuity Specialty Products15 shows a court 
recognizing both scientific reasoning and one of the numerous 
evidentiary patterns that scientists frequently utilize to draw 
conclusions about the toxicity of substances. It provides a much 
better model for both the law and science in reviewing expert 
testimony than is currently present in many appellate courts, and 
far better than many district court decisions. This article will 
review the issues in Milward, present the excellent analysis of 
science from that case, and show its implications for adverse 
effects where various types of scientific evidence are weighed and 
assessed by scientists to come to conclusions about diseases and 
dysfunctions. 

Reviewing scientific evidentiary patterns that support 
conclusions about the toxicity of substances reveals at least two 
important points about the law. One is that Judge Richard Posner 
is frequently cited for saying “[l]aw lags science; it does not lead 
 

 10. Chemical Agents, supra note 6, at 80. 
 11. Id. at 79. 
 12. Id. at 79–80. 
 13. Id. at 80. 
 14. See supra note ††. I have written about this issue at some length elsewhere and 
therefore will not review the issue here. 
 15. Milward v. Acuity Specialty Prods. Grp., Inc., 639 F.3d 11 (1st Cir. 2011), rev’g 
664 F. Supp. 2d 137 (D. Mass. 2009). 
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it.”16 However, the inferences and varied patterns of data by which 
scientists come to understand toxicity are far in advance of what a 
number of district and appellate courts have tended to recognize 
in the law. A second is that, in assessing nondeductive arguments 
in the law, commentators and some courts often assert that the 
evidence must “rule in” that a particular exposure can cause a 
kind of harm before one can reason nondeductively about it in 
order to rule out other explanations for the harm in question.17 
However, scientists have many routes by which they conclude that 
a substance is “ruled in” as causing a particular kind of harm, 
without relying on human epidemiological evidence. These 
should receive wider recognition from the courts. 

I.  THE MILWARD LITIGATION 

In Milward, the First Circuit Court of Appeals overturned a 
district court’s exclusion of the plaintiffs’ general causation 
expert, Martyn Smith.18 The appellate court clarified some legal 
issues concerning trial court review of expert testimony, 
importantly recognizing how scientists and others reason 
nondeductively about causation, and recognizing the myriad kinds 
of evidence on which scientists routinely rely in coming to 
conclusions about causation.19 Both the law clarified by the First 
Circuit and its reviews of the science constitute advances 
compared with many previous legal decisions on the same issues. 
The court’s views also concur with several ideas central to the 
Reference Manual on Scientific Evidence.20 

In district court, Professor Smith testified that exposure to 
benzene more likely than not could cause acute promyelocytic 
leukemia (“APL”), a particularly rare subtype of acute 
myelogenous leukemia (“AML”).21 He used a weight of the 
evidence argument22 based on five different and varied lines of 

 

 16. Rosen v. Ciba-Geigy Corp., 78 F.3d 316, 319 (7th Cir. 1996). 
 17. See Milward, 639 F.3d at 25. 
 18. Id. at 14. 
 19. See generally id. 
 20. Cf. FED. JUDICIAL CTR., REFERENCE MANUAL ON SCIENTIFIC EVIDENCE (3d ed. 
2011). 
 21. Milward v. Acuity Specialty Prods. Grp., Inc., 664 F. Supp. 2d 137, 142 (D. Mass. 
2009), rev’d, 639 F.3d 11 (1st Cir. 2011). 
 22. Milward, 639 F.3d at 17. 
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evidence: generic epidemiological studies (but not ones showing 
that benzene is statistically significantly associated with APL); 
evidence about the etiology of leukemia from damage to a 
pluripotent cell; data showing that benzene metabolites cause 
significant cell damage; mechanistic studies showing that two 
benzene metabolites could inhibit a cellular enzyme causing 
chromosomal damage; and a small number of epidemiological 
studies showing that APL was among the types of AML that 
appeared in the studies.23 He also supported his scientific 
argument with Austin Bradford Hill’s “aspects” or “viewpoints” 
that assist inferring causation from associations.24 

A. Legal Issues in Milward 

The trial judge excluded Smith’s testimony as inadmissible 
under Federal Rule of Evidence 702 because Smith’s opinion 
lacked sufficient scientific reliability.25 First, the district court 
“held that there was insufficient evidence to support Dr. Smith’s 
opinion that all subtypes of AML likely have a common etiology.”26 
Second, “the court held that what was known about the types of 
chromosomal translocations caused by benzene did not offer 
sufficient support for Dr. Smith’s opinion that it is biologically 
plausible that benzene causes the characteristic t(15;17) (q22;q12) 
translocation seen with APL.”27 And third, it “held that there was 
insufficient evidence to support the inference that benzene 
metabolites inhibit topo II [—topoisomerase II, an enzyme that 
facilitates DNA replication—] in such a way as to cause the 
chromosomal translocations seen in cases of APL.”28 Thus, it 
summarily stated: 

While Dr. Smith’s hypotheses are, to use his term, 
“plausible,” they remain hypotheses, the validity of 
which has not been reliably established. As such, 
they are not admissible as “scientific knowledge” 

 

 23. Id. at 18−20. 
 24. Austin Bradford Hill, The Environment and Disease: Association or Causation?, 58 
PROC. ROYAL SOC’Y MED. 295, 299 (1965). 
 25. Milward, 639 F.3d at 13. 
 26. Id. at 21. 
 27. Id. 
 28. Id. 
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under Rule 702. Moreover, the sum of Dr. Smith’s 
testimony, fairly understood, is that benzene might 
be a cause of APL. This is an assertion of possibility, 
not probability. As such, it would not assist the trier 
of fact to resolve the question of causation, and the 
testimony is thus not relevant in the necessary 
sense.29 

The First Circuit reversed the district court, holding that it 
abused its discretion in excluding the plaintiff’s general causation 
expert.30 The First Circuit recognized a strict line between the role 
of judge as gatekeeper of reliable testimony and the jury’s role as 
finder of fact on scientific issues.31 Thus, the proponent of 
evidence need not prove to the trial court that an expert’s 
assessment is correct,32 but “that ‘the expert’s conclusion has been 
arrived at in a scientifically sound and methodologically reliable 
fashion’”33 with the expert employing in the courtroom “the same 
level of intellectual rigor that characterizes the practice of an 
expert in the relevant field” as called for in Kumho Tire.34 In 
general, a reliability assessment by a court “‘must be tied to the 
facts of a particular case.’”35 Moreover, while recognizing in 
accordance with General Electric v. Joiner that in some cases an 
expert’s conclusions may be excluded if too divorced from the 
data proffered, courts are not empowered “to determine which of 
several competing scientific theories has the best provenance.”36 
Citing Daubert, the First Circuit added, “[s]o long as an expert’s 
scientific testimony rests upon ‘good grounds, based on what is 
known,’ it should be tested by the adversarial process, rather than 
excluded for fear that jurors will not be able to handle the 
scientific complexities.”37 
 

 29. Milward v. Acuity Specialty Prods. Grp., Inc., 664 F. Supp. 2d 137, 149 (D. Mass. 
2009), rev’d, 639 F.3d 11 (1st Cir. 2011). 
 30. Milward, 639 F.3d at 13−14. 
 31. Id. at 14. 
 32. Id. at 15 (quoting Ruiz-Troche v. Pepsi Cola of P.R. Bottling Co., 161 F.3d 77, 85 
(1st Cir. 1998)). 
 33. Id. (quoting Ruiz-Troche, 161 F.3d at 85). 
 34. Kumho Tire Co., Ltd. v. Carmichael, 526 U.S. 137, 152 (1998). 
 35. Milward, 639 F.3d at 14−15 (quoting Beaudette v. Louisville Ladder, Inc., 462 
F.3d 22, 25−26 (1st Cir. 2006) (quoting Kumho Tire, 526 U.S. at 150)). 
 36. Id. at 15 (quoting Ruiz-Troche, 161 F.3d at 85). 
 37. Id. (quoting Daubert v. Merrell Dow Pharm., Inc., 509 U.S. 579, 596 (1993)). 
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More specifically, the circuit court held that the district 
court “both placed undue weight on the lack of general 
acceptance of Dr. Smith’s conclusions and crossed the boundary 
between gatekeeper and trier of fact.”38 That is, just because an 
expert’s opinion may not have a full scientific consensus—for 
example, there may be other explanations of the same 
phenomena—this is “not a sufficient basis for excluding [an 
expert’s] testimony.”39 It added, “[l]ack of certainty is not, for a 
qualified expert, the same thing as guesswork.”40 Moreover, there 
is a difference between “what is unreliable support [for admitting 
an expert’s testimony] and what a trier of fact may conclude is 
insufficient support for an expert’s conclusion [for a favorable jury 
verdict].”41 The district court repeatedly “challenged the 
underpinnings of the expert’s testimony,” leading the First Circuit 
to hold that the trial court “took sides on questions that are 
currently the focus of extensive scientific research and debate—
and on which reasonable scientists can clearly disagree. In this, the 
court overstepped the authorized bounds of its role as 
gatekeeper.”42 In this holding, the court followed Kumho Tire.43 

In addition, the First Circuit noted that the trial court 
misunderstood the concept of biological plausibility that is central 
to science and is one of Austin Bradford Hill’s “viewpoints” for 
making a causal inference.44 The district court confused biological 
plausibility with a probability claim that Smith’s inference that 
benzene exposure could cause APL was merely “plausible” or 
“possible.”45 Biological plausibility is concerned with whether a 
proposed causal claim “is credible in light of what is known from 

 

 38. Id. at 22. 
 39. Id.; see also Loewen v. Wyeth, Inc., No. CV 03-J-2166-S, 2011 WL 6140873 (N.D. 
Ala. Nov. 14, 2011) (following the First Circuit’s reasoning in Milward). 
 40. Milward, 639 F.3d at 22 (quoting Primiano v. Cook, 598 F.3d 558, 565 (9th Cir. 
2010)). 
 41. Id.; see also Jenks v. N.H. Motor Speedway, No. 09-CV-205-JD, 2012 U.S. Dist. 
LEXIS 15084 (D.N.H. Feb. 8, 2012) (following the circuit court’s reasoning in Milward). 
 42. Milward, 639 F.3d at 22. 
 43. See Kumho Tire Co., Ltd. v. Carmichael, 526 U.S. 137, 153 (1998) (quoting 
Daubert v. Merrell Dow Pharm., Inc., 509 U.S. 579, 596 (1993) (“[The expert’s] testimony 
was not reliable [as it] fell outside the range where experts might reasonably differ, and 
where the jury must decide among the conflicting views of different experts, even though 
the evidence is ‘shaky.’”)). 
 44. Milward, 639 F.3d at 25. 
 45. Id. at 25−26. 
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science and medicine about the human body and the potentially 
offending agent.”46 Judging that a causal claim is biologically 
plausible or credible in light of existing evidence is quite different 
from a probability judgment concerning the truth of a causal 
claim. In any case, the former should not be used to impugn or 
undermine the latter. Thus, the First Circuit recognized that “the 
sum of [Smith’s] testimony was that a weighing of the Hill factors, 
including biological plausibility, supported the inference that the 
association between benzene exposure and APL is genuine and 
causal.”47 Dr. Smith utilized the “same level of intellectual rigor 
that he employs in his academic work.”48 

B. Scientific Issues in Milward 

Prior to Milward, some district and appellate courts had 
created a number of misleading or mistaken views of science, as 
judged by the procedures followed by distinguished scientific 
committees, for addressing expert testimony in court. For 
example, the district court in Joiner seemed to assess the scientific 
foundation of plaintiff’s expert testimony with a study-by-study 
analysis as to whether each piece individually and reliably 
supported an expert’s ultimate conclusion on causation.49 This is a 
form of analysis no responsible scientist and no expert on 
nondeductive reasoning would follow; it was incorrect as a matter 
of scientific reasoning and of nondeductive reasoning more 
generally.50 Margaret Berger’s article in the Reference Manual on 
Scientific Evidence notes that the Supreme Court’s language in 
reviewing the same evidence has led some lower courts to adopt 
such a “slicing-and-dicing approach.”51 

In addition, some trial and appellate courts had required 
human epidemiological studies in support of expert testimony, 

 

 46. Id. at 25. 
 47. Id. at 26. 
 48. Id. (quoting Kumho Tire, 526 U.S. at 152). 
 49. See Joiner v. Gen. Elec. Co., 864 F. Supp. 1310, 1327 (N.D. Ga. 1994) (“Plaintiffs 
have failed to show by a preponderance of proof that their experts’ opinions . . . are 
admissible under the standards set out in Rule 702 and explicated in Daubert.”). See 
especially id. at 1324−26, where the court considers each epidemiological study separately. 
 50. Framework, supra note ††, at 30. 
 51. Margaret Berger, The Admissibility of Expert Testimony, REFERENCE MANUAL ON 

SCIENTIFIC EVIDENCE 11, 19−20 (2011) (citing Gen. Elec. Co. v. Joiner, 522 U.S. 136, 
144−46 (1997)). 
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privileging such evidence.52 Indeed, the defense proffered a 
similar argument in Milward.53 Some courts have gone further, 
insisting that testimony be supported with epidemiological studies 
showing a relative risk of at least twice the background rate of 
disease.54 

Moreover, and probably as a consequence of the previous 
point, some courts had excluded animal and other scientific 
studies because they saw these studies as providing inadequate 
support for testimony, particularly when human studies were not 
available.55 Yet scientists and distinguished scientific committees 
can and do conclude that a chemical has toxic effects based 
precisely on such data.56 The First Circuit clearly recognized that 
Dr. Smith’s opinion rested on four strands or modes of evidence 
independent of epidemiological studies.57 Moreover, a review of 
expert scientific panels reveals quite varied patterns of evidence to 
support causation conclusions, a point discussed further below.58 

Finally, “weight of evidence” arguments—or, as 
philosophers know them, nondeductive “inferences to the best 
explanation”—the essence of scientific reasoning, were rejected 
outright by some courts, usually leading to the exclusion of 
reasonable scientific arguments.59 Plaintiffs facing such court views 
could easily lose without presenting their cases to juries. The 
Milward court rejected these views and more.60 

“Weight of the evidence argument” is just another name 
for nondeductive reasoning.61 Deductive arguments are 

 

 52. See Daubert v. Merrell Dow Pharm., Inc., 509 U.S. 579, 583 (1993) (“Given the 
vast body of epidemiological data, . . . expert opinion which is not based on 
epidemiological evidence is not admissible to establish causation.”). 
 53. See Milward, 639 F.3d at 24. 
 54. See Daubert v. Merrell Dow Pharm., Inc., 43 F.3d 1311, 1321 (9th Cir. 1995) 
(“[T]he study must show that children whose mothers took Bendectin are more than 
twice as likely to develop limb reduction birth defects as children whose mothers did not. 
While plaintiffs’ epidemiologists make vague assertions that there is a statistically 
significant relationship between Bendectin and birth defects, none states [sic] that the 
relative risk is greater than two.”). 
 55. Framework, supra note ††, at 31−32. 
 56. Id. at 38−39. 
 57. Milward, 639 F.3d at 19−20. 
 58. Cranor & Eastmond, supra note ††, at 38−45; Scientific Inferences, supra note ††, at 
S124−26; Framework, supra note ††, at 35−53; TOXIC TORTS, supra note †† at 302−03. 
 59. Framework, supra note ††, at 12. 
 60. Milward, 639 F.3d at 18−20. 
 61. LARRY WRIGHT, PRACTICAL REASONING 46−49 (Robert J. Fogelin ed., 1989). 
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characteristic of mathematics and formal logic. Deductive 
arguments can be valid or invalid. The defining property of a 
deductive argument is that the conclusion is “guaranteed” 
logically or semantically by the premises: if the premises in a valid 
deductive argument are true, the conclusion must be true.62 For 
example, if A = B and B = C, but one denies that A = C, this results 
in a contradiction. Deductive arguments have great inferential 
power because of this logical “tightness,” as demonstrated by the 
theorem-inferring power of mathematics or formal logic.63 
However, deductive arguments have limited uses in inferences 
about empirical matters.64 

In contrast, the conclusions of nondeductive arguments 
are not “guaranteed” by their premises.65 Such arguments are 
typically utilized to infer or explain empirical assertions or 
claims66—e.g., an explanation of the ocean tides or that vinyl 
chloride exposure can cause a rare form of liver cancer.67 Even if 
the premises are true, the inferential link between premises and 
conclusions can vary in its degrees of strength.68 This is quite 
unlike a deductive argument.69 Thus, in a nondeductive argument 
the premises can provide strong, weak, or moderate support for 
the conclusion; the overall argument could be judged strong or 
weak or in between, but not valid or invalid.70 In addition, the 
premises may provide support for different possible conclusions 
(or as the literature puts it, the evidence provided in the premises 
may be consistent with different explanations), because no one 
conclusion is “guaranteed” by the premises. Consequently, the 
evaluative task in assessing such inferences is to judge which 
conclusion the evidence best supports (or, to put it another way, 

 

 62. Id. at 38−46. 
 63. Id. 
 64. See id. 
 65. See id. 
 66. See id. 
 67. See J.L. Creech, Jr. & M.N. Johnson, Angiosarcoma of Liver in the Manufacture of 
Polyvinyl Chloride, 16 J. OCCUPATIONAL MED. 150, 150 (1974); Clark W. Heath, Jr., Henry 
Falk & John L. Creech, Jr., Characteristics of Cases of Angiosarcoma of the Liver among Vinyl 
Chloride Workers in the United States, 246 ANNALS N.Y. ACAD. OF SCI. 231 (1975). 
 68. WRIGHT, supra note 61, at 38−46. 
 69. Id. 
 70. Id. at 48−50. 
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which explanation best accounts for the evidence in the premises) 
and how well it does so.71 

The First Circuit correctly noted: 

[Nondeductive reasoning or reasoning] to the best 
explanation can be thought of as involving six 
general steps, some of which may be implicit. The 
scientist must (1) identify an association between an 
exposure and a disease, (2) consider a range of 
plausible explanations for the association, (3) rank 
the rival explanations according to their plausibility, 
(4) seek additional evidence to separate the more 
plausible from the less plausible explanations, (5) 
consider all of the relevant available evidence, and 
(6) integrate the evidence using professional 
judgment to come to a conclusion about the best 
explanation.72 

The court importantly added, “[n]o serious argument can be 
made that the weight of the evidence approach is inherently 
unreliable.”73 It correctly recognized that the argument form is 
central to scientific and other nondeductive reasoning.74 Scientists 
have long utilized nondeductive inferential arguments, including 
the IARC, the U.S. National Toxicology Program (“NTP”), and a 
committee of the Institute of Medicine and National Research 
Council, to name three institutions that explicitly embrace it (of 
course scientists were using such forms of argument long before 
these institutions existed).75 The Third Edition of the Reference 

 

 71. Id. at 107−11. 
 72. Milward v. Acuity Specialty Prods. Grp, Inc., 639 F.3d 11, 17−18 (1st Cir. 2011), 
rev’g 664 F. Supp. 2d 137 (D. Mass. 2009). 
 73. Id. at 18−19.  
 74. See id. at 18. 
 75. Vincent James Cogliano et al., The Science and Practice of Carcinogen Identification 
and Evaluation, 112 ENVTL. HEALTH PERSP. 1269 (2004); NAT’L TOXICOLOGY PROGRAM, 
U.S. DEP’T OF HEALTH AND HUMAN SERVS., REPORT ON CARCINOGENS 3 (12th ed. 2011), 
available at http://ntp.niehs.nih.gov/ntp/roc/twelfth/roc12.pdf [hereinafter REPORT ON 

CARCINOGENS]; COMM. ON THE FRAMEWORK FOR EVALUATING THE SAFETY OF DIETARY 

SUPPLEMENTS, FOOD & NUTRITION BD. & BD. ON LIFE SCI., INST. OF MED. & NAT’L 

RESEARCH COUNCIL OF THE NAT’L ACADS., DIETARY SUPPLEMENTS: A FRAMEWORK FOR 

EVALUATING SAFETY 254 (2005) [hereinafter DIETARY SUPPLEMENTS]. Bernard D. 
Goldstein and Mary Sue Henifin attribute these views to IARC and NTP as well. See 
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Manual on Scientific Evidence also endorses the use of such scientific 
inferences in several articles,76 and further notes that this 
procedure is quite appropriate for toxicology77 and for 
circumstances in which toxicological, epidemiological, and other 
scientific evidence must be considered together.78 Because such 
arguments can be assessed as strong to weak, an assessment of 
them has “to turn on the particular facts of the case.”79 This, in 
turn, depends upon the truth of the supporting premises. 

We all use nondeductive arguments in making inferences 
about the world in most areas of life: Why did my car stop 
working? Why won’t it start? Why does my water system not have 
pressure? Why do we have ocean tides and what contributes to 
them? In addition, detectives, such as the fictional Sherlock 
Holmes, utilize nondeductive inferences to solve crimes (despite 
Holmes’s language that he is “deducing” what occurred). Jurors, 
or judges conducting bench trials, use such inferences to find the 
most plausible account of whether a person is guilty of a crime or 
has committed a tort. To convict a person of a crime, jurors must 
find that the total body of relevant evidence supports the conclusion 
of a nondeductive argument beyond a reasonable doubt; to hold a 
person accountable for a tort, jurors must find that the total body of 
relevant evidence supports the conclusion of a nondeductive 
argument by a preponderance of the evidence, a lower standard of 
proof. It is important to note that the form of the argument is 
different from the standard of proof by which the premises must 
support the conclusion in these two areas of the law, contrary to 
an opinion by the Fifth Circuit Court of Appeals.80 

Scientists use nondeductive arguments, also called “weight 
of the evidence” arguments as the Milward court noted, to draw 
conclusions about what various kinds of data show. The rationale 

 

Bernard D. Goldstein & Mary Sue Henifin, Reference Guide on Toxicology, REFERENCE 

MANUAL ON SCIENTIFIC EVIDENCE 633, 655 (2011). 
 76. See Berger, supra note 51, at 19−20. 
 77. Goldstein & Henifin, supra note 75, at 637, 651, 660. 
 78. See Michael D. Green, D. Michal Freedman & Leon Gordis, Reference Guide on 
Epidemiology, REFERENCE MANUAL ON SCIENTIFIC EVIDENCE 549, 564−65 (2011). 
 79. Milward v. Acuity Specialty Prods. Grp., Inc., 639 F.3d 11, 19 (1st Cir. 2011), rev’g 
664 F. Supp. 2d 137 (D. Mass. 2009). 
 80. See Allen v. Pa. Eng’g Corp., 102 F.3d 194, 198 (5th Cir. 1996); Sheldon Krimsky, 
The Weight of Scientific Evidence in Policy and Law, 95 AM. J. PUB. HEALTH S129, S129 (Supp. 
1 2005). 
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for weighing disparate kinds of evidence in nondeductive cause-
effect arguments is that many causal relationships are typically not 
obvious on the face of available evidence.81 This is particularly true 
in the biological sciences, where decisive experiments to 
demonstrate causation are almost always lacking.82 Weight of the 
evidence inferences are typically utilized “when no single study 
and no individual modality [line of] evidence (e.g., animal studies, 
human studies, in vitro, etc.) is conclusive in demonstrating a 
cause-effect relationship.”83 Thus, when scientists typically must 
depend “on a number of experiments, some with greater statistical 
or explanatory power than others and information from diverse 
forms of evidence . . . [they] need to have some way of aggregating 
or weighing the results across different modalities [or lines] of 
evidence.”84 Moreover, it is common for philosophers of science to 
say that the scientific evidence typically underdetermines the 
explanation of, or conclusions to be drawn from, the data.85 In 
drawing conclusions from the data to a theory or explanation, it is 
necessary for scientists to evaluate the quality of different lines of 
evidence, to integrate them and to assess what conclusion the lines 
of evidence most likely supports and how well they do so in 
comparison with alternative explanations. 

There has been some discussion in scientific articles about 
how disparate lines of evidence should be synthesized and 
integrated.86 While scientists might hope that eventually there 
could be an objective, even quantitative, process by which this 
could be accomplished (there have been a few attempts at it in the 
ecological literature), there are no good candidates for such a 
procedure. For human health effects in the vast majority of cases 
(eighty-eight percent), scientists in publications in their fields 
utilized various qualitative assessments combined with their best 
scientific judgment to integrate quite different lines of evidence.87 
Consequently, according to the Supreme Court in Kumho Tire, 

 

 81. Krimsky, supra note 80, at S129. 
 82. Id. 
 83. Id. at S131. 
 84. Id. at S129. 
 85. See id. (“[T]here is a significant and lively debate among philosophers and 
historians on whether it is meaningful to talk about ‘crucial experiments’ in science.”). 
 86. Igor Linkov et al., Weight-of-Evidence Evaluation in Environmental Assessment: Review 
of Qualitative and Quantitative Approaches, 407 SCI. TOTAL ENV’T 5199 (2009). 
 87.  Id. at 5202–03. 
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because an expert should use the “same intellectual rigor that 
characterizes the practice of an expert in the relevant field,” the 
same kinds of qualitative procedures should be embraced in the 
courtroom.88 The Reference Guide on Epidemiology points out the 
difficulties of integrating animal toxicologic evidence and 
epidemiological studies,89 while the Restatement of Torts shows 
why it will be difficult to develop an agreed upon procedure even 
in the easy case of applying the myriad factors proposed by Austin 
Bradford Hill90 to assist causal inference in human studies.91 
Instead, the integration and synthesis of different kinds of studies 
is a matter of evaluating the quality of lines of evidence and going 
through a reasoning process about how the different kinds of 
studies contribute to the best conclusion the data supports. The 
Restatement of Torts correctly notes that “[n]o algorithm exists for 
applying the Hill guidelines to determine whether an association 
truly reflects a causal relationship or is spurious. Because the 
inferential process involves assessing multiple unranked factors, some of 
which may be more or less appropriate with regard to a specific 
causal assessment, judgment is required.”92 

In accordance with distinguished scientific committees, 
including the International Agency for Research on Cancer,93 the 
First Circuit correctly held “[i]n this mode of reasoning, the use of 
scientific judgment is necessary.”94 Making the same point about 
Austin Bradford Hill’s nine “viewpoints” for guiding judgments 
about causal conclusions, the court noted there was “no 

 

 88. Kumho Tire Co., Ltd. v. Carmichael, 526 U.S. 137, 152 (1998). 
 89. See Green et al., supra note 78, at 564 (“Where both animal toxicologic and 
epidemiologic studies are available, no universal rules exist for how to interpret or 
reconcile them.”). 
 90. Hill, supra note 24. 
 91. RESTATEMENT (THIRD) OF TORTS § 28 (2005) (“Whether an inference of 
causation based on an association is appropriate is a matter of informed judgment, not 
scientific methodology, as is a judgment whether a study that finds no association is 
exonerative or inconclusive. No algorithm exists for applying the Hill guidelines to 
determine whether an association truly reflects a causal relationship or is spurious. Because 
the inferential process involves assessing multiple unranked factors, some of which may be more 
or less appropriate with regard to a specific causal assessment, judgment is required.”) 
(emphasis added). 
 92. Id. (emphasis added). 
 93. See Cogliano et al., supra note 75, at 1272. 
 94. Milward v. Acuity Specialty Prods. Grp., Inc., 639 F.3d 11, 17–18 (1st Cir. 2011), 
rev’g 664 F. Supp. 2d 137 (D. Mass. 2009) (emphasis added). 
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algorithm” for application.95 Consequently, following from these 
points and the Restatement of Torts, the court correctly held that 
“reasonable scientists may come to different judgments about 
whether such an inference [about toxicity] is appropriate.”96 In 
such circumstances, courts should not second-guess the experts 
when their reasoning is within the range where reasonable experts 
disagree.97 

As a consequence, the First Circuit rejected the trial court’s 
“atomistic” study-by-study assessment of the scientific basis of 
expert testimony.98 “The district court erred in reasoning that 
because no one line of evidence supported a reliable inference of 
causation, an inference of causation based on the totality of the 
evidence was unreliable.”99 Citing National Cancer Institute 
scientists, it also added that “[t]here should be no such hierarchy” 
of evidence for carcinogenicity as between epidemiological and 
some other kinds of evidence.100 These scientists and many 
distinguished scientific committees would not require 
epidemiological studies to support claims that a substance can 
cause adverse effects in humans or place certain other a priori 
constraints on evidence.101 

The First Circuit’s rulings on epidemiological evidence are 
particularly important: 

[T]he district court read too much into the paucity 
of statistically significant epidemiological studies. 
The absence of peer-reviewed epidemiological 
studies does not, as defendants contend, make it 
“almost impossible” for Dr. Smith’s opinion to be 
admissible. Epidemiological studies are not per se 
required as a condition of admissibility regardless of 

 

 95. Id. at 18. 
 96. Id. (citing RESTATEMENT (THIRD) OF TORTS § 28, cmt. c(4) (2010)). 
 97. See id. at 22. 
 98. Id. at 23. 
 99. Id. (emphasis added). 
 100. Id. at 17 (citing Michele Carbone et al., Modern Criteria to Establish Human Cancer 
Etiology, 64 CANCER RES. 5518, 5522 (2004)); see also Tom A. Hutchinson & David A. Lane, 
Assessing Methods for Causality Assessment of Suspected Adverse Drug Reactions, 42 J. CLINICAL 

EPIDEMIOLOGY 5, 11–12 (1989) (strongly supporting the same point for causality 
assessments in other circumstances). 
 101. See Goldstein & Henifin, supra note 75, at 650–51; see also Hutchinson & Lane, 
supra note 100, at 11–12. 
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context. . . . Rather, this is a case in which there is a 
lack of statistically significant epidemiological 
evidence, and in which the rarity of APL and 
difficulties of data collection in the United States 
make it very difficult to perform an epidemiological 
study of the causes of APL that would yield 
statistically significant results. . . . The court erred in 
treating the lack of statistical significance as a 
crucial flaw.102 

The appellate justices correctly saw that just because 
epidemiological studies cannot be conducted (or, one should add, 
are not available), there can be other kinds of scientific evidence 
for adverse effects. A related point, often overlooked, is that even 
statistically significant studies that show “no effect” may have too 
little statistical power to detect adverse effects even if they were 
present.103 Thus, courts should recognize, as the scientific 
community does, that “no evidence of an effect” does not imply 
“evidence of no effect.”104 That is, just because a study does not 
show an adverse effect from exposure to a substance, it does not 
follow that there is no adverse effect from the exposure unless 
some very special conditions are satisfied.105 It must have the 
statistical “power” to do so. Analogously, our eyes do not have the 
“power” to see germs on the desktop, but this does not mean 
germs are not present; we just need more powerful means to 
detect them. The “power” that must be present in a human 
epidemiological study is mainly that the sample size must be 
sufficiently large to detect the adverse effect in question. However, 
the study must also be conducted for a sufficient period of time to 
discover the effect, if there is one (for some cancers, this can be 

 

 102. Milward, 639 F.3d at 24. 
 103. TOXIC TORTS, supra note ††, at 243–45. 
 104. The inference that a lack of evidence means no effect resulted is faulty. 
Moreover, in a court case, even though epidemiological data may not show an adverse 
effect, other data may do so. A number of examples are discussed later for which this is 
the case. 
 105. TOXIC TORTS, supra note ††, at 243–45. For a discussion of some of these 
conditions, see also Preamble, IARC MONOGRAPHS ON THE EVALUATION OF CARCINOGENIC 

RISKS TO HUMANS 12 (Int’l Agency for Research on Cancer, World Health Org., 2006) 
[hereinafter IARC Preamble]. 
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up to forty years) and the study must be sufficiently sensitive to 
detect the endpoint of interest.106 

II.  NONDEDUCTIVE REASONING AND MYRIAD EVIDENTIARY 

PATTERNS FOR ADVERSE EFFECTS 

The First Circuit’s recognition of both the correctness of 
nondeductive reasoning and that there is no priority of evidence 
for cancer points the way for courts to recognize more broadly 
how scientists come to conclusions about causation. In particular, 
numerous and quite different scientific patterns of evidence can 
reveal causal relations between exposures and adverse effects 
without having the support of statistically significant human 
epidemiological studies, or, in some cases, without any 
epidemiological data at all.107 

For a concrete example, the IARC carcinogen 
identification committees use nondeductive reasoning in a slightly 
modified and more stylized form.108 In considering whether a 
substance is a known, probable, or possible human carcinogen 
(there are also two other categories), a committee of experts goes 
through a stepwise process.109 In the first step, the committee 
considers any human evidence that a substance causes cancer in 
humans.110 This includes various kinds of epidemiological studies, 
case reports, case series, and, more rarely, clinical trials.111 Next, 
the committee considers evidence that the agent causes cancer in 
animal studies.112 Finally, these two lines of evidence are combined 
to establish a default evaluation of the substance’s likelihood of 
causing cancer in humans.113 The committee then determines 
“whether the default evaluation should be modified” by 
considering mechanistic and other kinds of evidence relevant to 
judgments concerning carcinogenicity.114 Lastly, “[t]he final 
overall evaluation is a matter of scientific judgment, reflecting the 

 

 106. TOXIC TORTS, supra note ††, at 98. 
 107. IARC Preamble, supra note 105, at 11. 
 108. See id. at 8−9. 
 109. Cogliano et. al., supra note 75, at 1272. 
 110. Id. 
 111. IARC Preamble, supra note 105, at 8. 
 112. Cogliano et. al., supra note 75, at 1272. 
 113. Id. 
 114. Id. 
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weight of the evidence derived from studies in humans, studies in 
experimental animals, and mechanistic and other relevant 
data.”115 This final collective judgment about what the weight of 
the evidence shows is a result of vote among all scientific 
participants, each assessing what the totality of the evidence shows. 
The NTP116 and a combined committee of the Institute of 
Medicine and National Research Council, along with many other 
scientific committees, also utilize weight of the evidence reasoning 
processes for identifying adverse health effects.117 

When the IARC and NTP are identifying carcinogens, they 
are identifying hazards that can come from exposures to a 
substance.118 A cancer hazard is “an agent that is capable of 
causing cancer under some circumstances, while a cancer ‘risk’ is 
an estimate of the carcinogenic effects expected from exposure to 
a cancer hazard.”119 Moreover, “[t]he evaluations of the IARC 
Working Groups are scientific, qualitative judgments on the 
evidence for or against carcinogenicity provided by the available 
data.”120 

These views of scientific reasoning make explicit the 
central role that professional judgment has in drawing scientific 
inferences from various and disparate kinds of evidence. However, 
it is important to understand that: 

 

 115. Id. (emphasis added). 
 116. REPORT ON CARCINOGENS, supra note 75, at 4 (“Conclusions regarding 
carcinogenicity in humans or experimental animals are based on scientific judgment, with 
consideration given to all relevant information. Relevant information includes, but is not 
limited to, dose response, route of exposure, chemical structure, metabolism, 
pharmacokinetics, sensitive sub-populations, genetic effects, or other data relating to 
mechanism of action or factors that may be unique to a given substance.”) (emphasis 
added). 
 117. DIETARY SUPPLEMENTS, supra note 75, at 254 (“In the absence of scientific 
studies specifically designed to assess the safety of dietary supplement ingredients, it is not 
possible to apply a specific algorithmic or formulaic approach to determining safety, and 
expert judgment in the interpretation of data is likely to be important, as it is for other 
substances. . . . It is also not appropriate to develop a hierarchical approach to 
considering the different types of data—human data, animal data, in vitro data, or 
information about related substances. . . . Although a hierarchical approach is not 
practical, it is possible to weigh the various types of data available to make conclusions regarding 
risk to human health.”) (emphasis added). 
 118. E.g., REPORT ON CARCINOGENS, supra note 75, at 3; see IARC Preamble, supra note 
105, at 2. 
 119. IARC Preamble, supra note 105, at 2. 
 120. Id. at 3 (emphasis added). 
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Scientific judgment has a crucial role at several 
points [in such inferences] . . . . An expert reviews 
data that appear to bear on causal judgments, 
selects the scientifically relevant data, assesses and 
weighs studies for their quality, weighs the 
importance of different kinds of data vis-à-vis one 
another[—e.g., animal studies, human studies 
(including various epidemiological and other 
human data), short-term tests on various toxicity 
properties, mechanistic data, and structure-activity 
relationships—]and brings his or her background 
understanding of biology and toxicology, as well as 
his or her understanding of the phenomena, to the 
causal issues.121 

The scientist then “evaluates different possible 
explanations in light of all the evidence and the particular 
phenomena (i.e., a disease) that he or she wants to explain” to 
determine the best explanation and how good it is.122 

A. Specific Patterns of Evidence 

The points above are sufficiently generic that it may be 
difficult for readers to appreciate them. Consequently, consider a 
variety of evidentiary patterns taken from the records of 
distinguished scientific committees that reveal adverse effects for 
humans. Most of these examples concern substances that cause 
cancers because cancers have long been of concern to the public 
and workforce, and there is a substantial history of scientific 
committees considering cancer causation and articulating their 
rationales for their judgments about causation. A wide range of 
data can implicate substances as carcinogenic to humans or more 
likely than not carcinogenic to humans. Often bodies of evidence 
importantly include data from experimental animals plus other 
kinds of studies, usually mechanistic data or chemical structure-
activity data, or similarities to other known hazardous 
substances.123 

 

 121. Framework, supra note ††, at 20. 
 122. Id. 
 123. IARC Preamble, supra note 105, at 12–18. 
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These examples reveal two major points. First, scientists 
take into account and integrate a wide range of different kinds of 
relevant scientific data; they consider all scientifically relevant 
evidence and impose no a priori constraints.124 If the data are 
relevant and help scientists support their conclusions, they are 
included.125 Relevant scientific evidence is any evidence that makes 
the slightest difference in one plausible explanation compared with 
others.126 If it makes a slight difference, it is relevant; if not, it is 
not.127 In contrast, some courts have imposed a priori, nonscientific 
constraints on the data in support of scientific testimony and how 
scientists may reason toward scientific conclusions.128 

Second, reviewing the reasoning of these scientific 
committees reveals how scientists integrate, assimilate, and use 
complementary kinds of evidence to support a conclusion that 
exposure to a substance causes or probably causes adverse effects 
in people even when they have poor, or sometimes no, human 
epidemiological studies.129 

It should be noted that most of the examples that follow 
are actually too robust to serve as evidentiary models for judicial 
admissibility decisions. As the Milward court noted, the proponent 
of evidence for admissibility need not establish that an expert’s 
assessment is correct,130 but that “the expert’s conclusion has been 
arrived at in a scientifically sound and methodologically reliable 
fashion.”131 However, the following patterns of evidence exemplify 
evidentiary support for an ultimate conclusion that a substance is 
either a known human carcinogen or a probable (more likely than 
not) human carcinogen. Moreover, the inferences that scientific 
committees have made are based on extensive peer-reviewed 
studies, plus the decisions themselves have been concluded by 
experts in the field and in that sense are further peer-reviewed. 

 

 124. Hutchinson & Lane, supra note 100, at 10−11. 
 125. Id. at 10. 
 126. WRIGHT, supra note 61, at 104. 
 127. Id. 
 128. See, e.g., Allen v. Pa. Eng’g Corp., 102 F.3d 194, 197 (5th Cir. 1996). 
 129. See generally IARC Preamble, supra note 105 (discussing the agencies desire to 
provide carcinogenic risk assessments for the public); REPORT ON CARCINOGENS, supra 
note 75 (explaining the report’s goal is to show which carcinogenic substances will pose a 
risk to humans). 
 130. Milward v. Acuity Specialty Prods. Grp., Inc., 639 F.3d 11, 15 (1st Cir. 2011). 
 131. Id. 
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Further, in virtually all cases the assessments are consensus 
judgments, and the patterns are taken from comparatively 
cautious and highly respected scientific bodies that consider such 
issues. 

As of 2000, the IARC had listed fifty-four agents and groups 
of agents that are carcinogenic to humans (excluding twenty-five 
mixtures and exposure circumstances).132 Most of these had 
several good human epidemiological studies to support that 
claim.133 However, this was not true for two substances and one 
form of radiation.134 In addition, the NTP had listed Direct Black 
38 and Direct Blue 6 as known human carcinogens, even though 
there was no, and still is no, direct epidemiological evidence to 
support either assessment.135 The IARC has updated its lists so it 
now shows 108 agents that are known human carcinogens and 
another sixty-three as probable human carcinogens.136 The IARC 
has also updated classifications for some substances from less 
hazardous to more hazardous.137 

In 2000, available epidemiological evidence was not 
sufficient to establish a causal relationship between exposure to 
these substances and human cancer. For two of the five 
substances—ethylene oxide (“ETO”) and dioxin (2,3,7,8-
tetrachlorodibenzo-para-dioxin)—there was some evidence of 
carcinogenicity in humans, but the evidence was limited.138 This 
 

 132. Cranor & Eastmond, supra note ††, at 35 (citing Overall Evaluation of 
Carcinogenicity to Humans, Group 1: Carcinogenic to Humans, INT’L AGENCY FOR RESEARCH 

ON CANCER, WORLD HEALTH ORG. (last modified Dec. 4, 2002), 
http://web.archive.org/web/20040207090425/http://193.51.164.11/monoeval/crthgr01
.html (accessed through Internet Archive)). 
 133. Id. 
 134. Id. 
 135. Id.; National Toxicology Program, Availability of the Report on Carcinogens, 
Ninth Edition, 66 Fed. Reg. 29340 (May 30, 2001). 
 136. Agents Classified by the IARC Monographs, Volumes 1−105, INT’L AGENCY FOR 

RESEARCH ON CANCER, WORLD HEALTH ORG., http://monographs.iarc.fr/ENG/ 
Classification/index.php (last visited July 6, 2012); see infra pp. 131–33 (discussing the 
history of changes in the classification of MOCA). 
 137. Agents Classified by the IARC Monographs, supra note 136. 
 138. Overall Evaluations of Carcinogenicity: An Updating of IARC Monographs Volumes 1 
to 42, Supp. 7 IARC MONOGRAPHS ON THE EVALUATION OF CARCINOGENIC RISKS TO 

HUMANS 350 (Int’l Agency for Research on Cancer, World Health Org., 1987) 
[hereinafter Overall Evaluations]; 1,3-Butadiene, Ethylene Oxide and Vinyl Halides (Vinyl 
Fluoride, Vinyl Chloride and Vinyl Bromide), 97 IARC MONOGRAPHS ON THE EVALUATION OF 

CARCINOGENIC RISKS TO HUMANS 287 (Int’l Agency for Research on Cancer, World 
Health Org., 2008) [hereinafter Vinyl Halides]. 
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means that “a positive association has been observed between 
exposure to the agent and cancer for which a causal interpretation 
is considered . . . to be credible, but chance, bias or confounding 
could not be ruled out with reasonable confidence.”139 For three 
substances—neutron radiation, Direct Black 38 and Direct Blue 
6—there was no direct human epidemiological evidence.140 

Nonetheless, for all five substances, evidence of 
carcinogenicity in animals, together with other kinds of data, 
supported scientific conclusions that these substances were listed 
as known human carcinogens between the two scientific 
agencies.141 In 2000, the IARC continued to list Direct Black 38 
and Direct Blue 6 as probable human carcinogens, showing some 
disagreement between the IARC and the NTP.142 As of 2012, the 
IARC concurred with the NTP that these substances are now listed 
as known human carcinogens.143 

What kinds of supporting evidence assisted the inferences 
in 2000? Consider ETO, “an important raw material for making 
major consumer goods in virtually all industrialized countries.”144 
It is also used directly as “a disinfectant, sterilizing agent, fumigant 
and insecticide . . . .”145 ETO has been found to create a small, but 
significant, 1.2 relative risk for two cancers among workers 
involved in sterilization, and some elevated cancers among 

 

 139. IARC Preamble, supra note 105, at 19–20. 
 140. Aromatic Amines, supra note 1, at 292; Radiation, 100D IARC MONOGRAPHS ON THE 

EVALUATION OF CARCINOGENIC RISKS TO HUMANS 237 (Int’l Agency for Research on 
Cancer, World Health Org., 2012). 
 141. Overall Evaluation of Carcinogenicity to Humans, Group 1: Carcinogenic to Humans, 
INT’L AGENCY FOR RESEARCH ON CANCER, WORLD HEALTH ORG., (last modified Dec. 4, 
2002), http://web.archive.org/web/20000819034214/http://193.51.164.11/ 
monoeval/grlist.html (accessed through Internet Archive). 
 142. See Overall Evaluation, supra note 138, at 125–26. For the NTP evaluation, see 
REPORT ON CARCINOGENS, supra note 75, at 64−65, which states: 

Dyes that are metabolized to benzidine are known to be human 
carcinogens based on the following evidence: (1) benzidine is known to 
be a human carcinogen, (2) metabolism of benzidine-based dyes 
results in the release of free benzidine in humans and in all 
experimental animal species studied, and (3) benzidine exposure 
from exposure to benzidine-based dyes is equivalent to exposure to 
equimolar doses of benzidine. 

 143. Agents Classified by the IARC Monographs, supra note 136. 
 144. Some Industrial Chemicals, 60 IARC MONOGRAPHS ON THE EVALUATION OF 

CARCINOGENIC RISKS TO HUMANS 76 (Int’l Agency for Research on Cancer, World Health 
Org., 1994). 
 145. Id. 
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employees with occupational exposures, but confounding could 
not be ruled out.146 There is sufficient evidence of ETO 
carcinogenicity in animals.147 ETO is an alkylating agent; that is, it 
places an alkyl chemical group on the DNA and this, in turn, 
causes genetic mutations and chromosomal breakage in a wide 
range of species.148 Because it has these effects in other 
mammalian species, scientists know, based on an extensive body of 
evidence, that it will have similar effects in humans, and in a few 
instances they have seen hemoglobin adducts in humans similar to 
those in animals.149 The fact that a few adducts appeared in 
humans further supported the conclusion that ETO is an 
alkylating agent that could affect humans, which scientists knew 
from animal data.150 

Neutron radiation causes tissue and genetic damage similar 
to that of x-rays and gamma rays, forms of radiation known to 
cause human cancer, but it is more potent than both those.151 As it 
is an uncharged particle when it reacts with densely ionizing 
particles, this “produces a spectrum of molecular damage” that is 
more serious that X-radiation or γ-radiation.152 The NTP 
concluded that “Direct Black 38 and Direct Blue 6 are 
metabolized in animals and humans to benzidine, a known human 
carcinogen.”153 If benzidine causes cancer in humans, it follows 
that dyes that metabolize to benzidine will as well.154 

Dioxins, or polychlorinated dibenzo-para-dioxins 
(“PCDDs”), are byproducts of incineration, metal processing, the 
bleaching of paper pulp with chlorine, and the production of 
certain herbicides.155 They are ubiquitous, usually at low levels, 

 

 146. Id. at 137. 
 147. Id. at 139. 
 148. See id. (“Ethylene oxide is a directly acting alkylating agent . . . .”). 
 149. Id. 
 150. Id. at 138. 
 151. Ionizing Radiation, Part I: X- and Gamma (γ)-Radiation, and Neutrons, 75 IARC 

MONOGRAPHS ON THE EVALUATION OF CARCINOGENIC RISKS TO HUMANS 432 (Int’l Agency 
for Research on Cancer, World Health Org., 2000). 
 152. Id. at 430. 
 153. Cranor & Eastmond, supra note ††, at 36. 
 154. Id. 
 155. Polychlorinated Dibenzo-para-Dioxins, 69 IARC MONOGRAPHS ON THE EVALUATION 

OF CARCINOGENIC RISKS TO HUMANS 33, 335–36 (Int’l Agency for Research on Cancer, 
World Health Org., 1997). 
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and are found in human and animal adipose tissue.156 In 1997, 
there was some limited evidence that dioxin caused cancers in 
humans.157 Dioxin is a multisite carcinogen in experimental 
animals, but there was insufficient epidemiological evidence to 
support its classification as a human carcinogen.158 Its main mode 
of action is by means of a receptor-mediated mechanism in cells 
that is common to animals and humans and highly conserved 
through the evolutionary process.159 Because dioxin attaches to a 
particular cellular receptor that is the same in both animals and 
humans, it will have the same cancer-causing effects.160 As a result, 
the IARC listed it as a human carcinogen.161 

Dioxin is a particularly interesting example that illustrates 
the wisdom of the initial classification based on carcinogenic 
mechanisms and the accuracy of the nondeductive argument in 
arriving at that classification. Quite significantly, scientists had 
judged that dioxin was a known human carcinogen before they 
had sufficient human epidemiological data showing either that it 
generally caused cancer in humans, or that there was sufficient 
data that it caused cancer in any particular tissue.162 As of 2011 
they had acquired that data, but their earlier assessment was 
correct based on a more varied body of evidence.163 

The First Circuit has held that courts should follow the 
scientists in permitting conclusions for adverse effects without 
requiring a particular kind of human data, provided sufficient 

 

 156. Id. 
 157. Id. at 342–43. 
 158. Id. 
 159. Id. (“There is limited evidence in humans for the carcinogenicity of 2,3,7,8-
tetrachlorodibenzo-para-dioxin. There is sufficient evidence in experimental animals for 
the carcinogenicity of 2,3,7,8-tetrachlorodibenzo-para-dioxin. . . . In making the overall 
evaluation, the Working Group took into consideration the following supporting 
evidence: (i) 2,3,7,8-TCDD is a multi-site carcinogen in experimental animals that has 
been shown by several lines of evidence to act through a mechanism involving the Ah 
receptor; (ii) this receptor is highly conserved in an evolutionary sense and functions the 
same way in humans as in experimental animals; (iii) tissue concentrations are similar 
both in heavily exposed human populations in which an increased overall cancer risk was 
observed and in rats exposed to carcinogenic dosage regimens in bioassays.”). 
 160. Id. 
 161. See id. 
 162. See id.; see also Vincent James Cogliano et al., Preventable Exposures Associated with 
Human Cancers, 103 J. NAT. CANCER INST. 1827, 1832 (2011) [hereinafter Preventable 
Exposures]. 
 163. Preventable Exposures, supra note 162, at 1832. 
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evidence of other kinds is available. The First Circuit wisely followed 
the Etiology Branch of the National Cancer Institute, which 
sponsored a workshop on cancer causation that concluded “there 
should be no . . . hierarchy” among epidemiology, animal testing, 
cell culture, genomics, and so forth.164 Other courts should take 
note for a wider range of adverse effects than cancers. 

A brief history of changes in the classification of MOCA 
(first mentioned in the Introduction, supra) over time reveals an 
even more interesting pattern of evidence. It also shows how the 
science of toxicology has evolved from 1987 to present, 
incorporating more varied kinds of evidence that permit scientists 
to identify substances as carcinogens. 

In 1987, a group of scientists, concerned that exposures to 
MOCA (also symbolized as “MBOCA”) were not regulated in the 
workplace, argued that “[b]ased on the scientific criteria set forth 
in the OSHA Carcinogen Policy, MBOCA would qualify as a 
category I carcinogen for which exposures should be reduced to 
the lowest feasible level.”165 What evidence supported their 
recommendation? MOCA was found to be weakly carcinogenic in 
mice and strongly carcinogenic in rats and dogs, with dogs being a 
particularly good model for bladder cancer in humans based on 
previous studies.166 MOCA’s chemical structure and biological 
cancer potency closely resembles benzidine, a known potent 
human bladder carcinogen.167 

There was “no direct evidence that MBOCA [was] a 
carcinogen in humans. However, no adequate epidemiologic 
studies of workers exposed to this chemical [had] been 

 

 164. Michele Carbone et al., Modern Criteria to Establish Human Cancer Etiology, 64 
CANCER RES. 5518, 5522 (Aug. 1, 2004). 
 165. Elizabeth Ward et al., 4,4’-Methylenebis (2-Chloroaniline): An Unregulated 
Carcinogen, 12 AM. J. INDUS. MED. 537, 538–39 (1987). For an account of an OSHA 
Category I carcinogen, see Jeffrey C. Theiss, The Ranking of Chemicals for Carcinogenic 
Potency, 3 REG. TOXICOLOGY & PHARMACOLOGY 320, 321 (1983), which states: 

Category I potential carcinogens . . . are those chemicals which have 
been demonstrated by epidemiologic methods to produce cancer in 
humans, . . . which have produced reproducible carcinogenic effects 
in animals, or . . . which have produced carcinogenic effects in animals 
in limited studies and have produced positive results in two or more of 
a battery of five short-term test systems. 

 166. Ward et al., supra note 165, at 538–39. 
 167. Id. at 538–39. 
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conducted.”168 And a sample of workers being followed was 
sufficiently small that it had quite limited power to detect cancers 
in the group, unless there was an extremely large effect (a high 
relative risk compared with controls).169 Because of the latency 
period of typical occupational cancers (from eighteen to forty-four 
years), human cancers would be very difficult to detect and it 
could take a long time.170 

In 1988, some of the same researchers conducted a 
cystoscopy171 of some workers with the highest exposures and 
found two young men (ages twenty-eight and twenty-nine) with 
early bladder cancers as a result of short term exposures to 
MOCA—one year and nine months, respectively.172 These case 
report results were consistent with “the hypothesis that MBOCA 
induces bladder neoplasms in humans.”173 

In 1993, the IARC judged that MOCA was “probably 
carcinogenic to humans,” basing its scientific conclusion on the 
following data: inadequate evidence of carcinogenicity in humans 
and sufficient evidence of carcinogenicity in animals. Other relevant 
data included the fact that MOCA forms DNA adducts in whole 
animals, in test tube studies, and in one human. It also has some 
other DNA damaging features: it causes sister chromatid exchange 
in a small number of workers,174 it induces damage in various 
human- and animal-cultured cells, and it is comprehensively 
genotoxic.175 At this time, there were still no human 
epidemiological studies. 

By this time, even though leading scientific researchers and 
the IARC had determined that MOCA was, more likely than not, 
capable of causing cancer in humans, in the aftermath of Daubert 

 

 168. Id. at 539 (emphasis added). 
 169. Id. at 539, 542. 
 170. Id. at 542. 
 171. The Mayo Clinic, Definition of Cystoscopy, http://www.mayoclinic.com/health/ 
cystoscopy/MY00140 (last visited Sept. 23, 2012) (“Cystoscopy is a procedure used to see 
inside your urinary bladder and urethra—the tube that carries urine from your bladder to 
the outside of your body.”). 
 172. Bladder Tumors, supra note 5, at 268–70. 
 173. Id. at 271. 
 174. Henry C. Pitot III & Yvonne P. Dragan, Chemical Carcinogenesis, in CASARETT AND 

DOULL’S TOXICOLOGY: THE BASIC SCIENCE OF POISONS, 241, 291 (6th ed. 2001) 
(describing how chromosomal alteration shows the carcinogenic potential of an 
exposure). 
 175. Aromatic Amines, supra note 1, at 294–95. 
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and subsequent lower court decisions the question remained: 
Could someone appropriately exposed to MOCA be permitted to 
present general causation evidence to a jury, at least in some 
jurisdictions? It seems unlikely. However, by 2010 the cognitive 
dissonance between science and the law may have grown even 
greater, at least up to the time of the First Circuit’s Milward 
decision. 

In 2012, the IARC summarized the results of a 2010 review 
of MOCA.176 There are still no epidemiological studies, thus there 
is inadequate evidence for MOCA’s carcinogenicity in humans 
(although there are a few case reports).177 It is a multiorgan 
carcinogen in animals with similar DNA adducts and a few 
humans.178 The overall conclusion is supported by strong 
mechanistic evidence that MOCA has genotoxic mechanisms that 
include “metabolic activation, formation of DNA adducts, and 
induction of mutagenic and clastogenic effects in humans.”179 The 
IARC classifies MOCA as carcinogenic to humans.180 Could a 
plaintiff who contracted bladder cancer as a result of exposure to 
MOCA present general causation evidence to a jury? Perhaps in 
some circuit courts of appeal such as the First Circuit, but perhaps 
not in others. 

A similar evidentiary pattern of evidence exists for an 
anticancer drug (1-(2-chloroethyl)-3-cyclohexyl-1-nitrosourea 
(“CCNU”)) that the IARC concluded is a probable human 
carcinogen.181 There is inadequate evidence for carcinogenicity in 
humans, however, because traditional epidemiological evidence 
did not directly contribute to data indicating that CCNU is a 
human carcinogen.182 The overall inference was based upon 
evidence from animals, human and animal studies of agents with 
similar properties, and additional supportive evidence.183 The bulk 

 

 176. Chemical Agents, supra note 6, at 73–80. 
 177. Id. at 75. 
 178. Id. 
 179. Id. at 80. 
 180. Id. 
 181. See Overall Evaluations, supra note 142, at 150 (“No epidemiological study of 
CCNU as a single agent was available to the Working Group.”). There is sufficient 
evidence that CCNU is carcinogenic in animals, and CCNU is a directly-acting, 
bifunctional alkylating agent. Id. at 151. 
 182. Id. at 150–51. 
 183. Id. 
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of the evidence for its conclusion was that CCNU produced lung 
tumors in rats and caused a slight increase in lymphomas in 
mice.184 CCNU (and several related compounds) is also a directly 
acting alkylating agent in animals.185 CCNU places an alkyl 
chemical group on the DNA that induces genetic mutations and 
chromosomal breakage, which in turn can lead to cancer in 
humans.186 CCNU illustrates the importance of various kinds of 
mechanistic evidence for human carcinogenicity, even when there 
is inadequate human evidence. 

These are not isolated cases, but they are examples of more 
general and quite varied causal inferences based on a variety of 
data. In addition to the 108 known human carcinogens, the IARC 
now lists sixty-four substances or groups of substances, excluding 
mixtures and exposure conditions, as probable human 
carcinogens.187 That is, utilizing scientific data, assessing its quality, 
and synthesizing the different lines of evidence with their best 
scientific judgment, IARC committees evaluated these substances 
as more likely than not human carcinogens. For most of these 
substances, evidence of carcinogenicity in humans is inadequate, 
or in some cases, “limited” at best.188 For many of these 
substances, the overall scientific conclusion and classification is 
based on sufficient evidence in animal studies plus “mechanistic 
and other relevant data,” and essentially no or poor human 
data.189 Thirty-five of the sixty-four substances have no human 
epidemiological data but have been upgraded to probable human 
carcinogens.190 The author reviewed a random sample of every 
third substance of the thirty-five probable human carcinogens 
without human data and found that the upgrades are based on 
mechanistic evidence, usually genetic or chromosomal damage in 
animals, and sometimes similar damage in cultured human or 
nonhuman cells. 

The general IARC policy is that this additional evidence 
may be data about the “absorption, distribution, metabolism and 
 

 184. Id. at 149–51. 
 185. Id. at 151. 
 186. Id. 
 187. INT’L AGENCY FOR RESEARCH ON CANCER, List of Classifications, 
http://monographs.iarc.fr/ENG/Classification (last updated Aug. 7, 2012). 
 188. See id. 
 189. IARC Preamble, supra note 105, at 22–23. 
 190. Agents Classified by the IARC Monographs, supra note 136, at 5–9. 
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elimination of agents in humans, experimental animals and, 
where relevant, cellular systems,” as well as mechanistic data by 
which an agent may increase the risk of cancer, including 
“changes in physiology,” “functional changes at the cellular level,” 
and “changes at the molecular level.”191 In addition, mechanistic 
evidence may include chemical structure-activity relationships, the 
“toxicological implications of the physical and chemical 
properties, and any other data relevant to the evaluation that are 
not included elsewhere.”192 

The NTP uses similar principles for listing substances as 
reasonably anticipated to be human carcinogens (and this is 
similar to the judgment that a substance is more likely than not to 
be a carcinogen).193 There can be limited evidence in humans, but 
this is insufficient to conclude that the substance is a known 
human carcinogen.194 When there is no or very little human data, 
sufficient evidence of carcinogenicity in animal studies plus a body 
of evidence that indicates the substance would be carcinogenic in 
humans will result in the compound being classified as 
“reasonably anticipated to be a human carcinogen.”195 There can 
even be poor human and animal evidence, but if the agent is 
sufficiently similar to other known or probable human 
carcinogens or acts by mechanisms “indicating it would likely 
cause cancer in humans,” it would also be judged as “reasonably 
anticipated to be a human carcinogen.”196 

Next, consider another unusual pattern of evidence 
(described elsewhere by coauthors and the author) that was used 
to help convict a defendant of murder, evidence based largely 
upon animal and mechanistic data.197 Animal data, combined with 
two deaths resulting from serious liver diseases, pointed to the 
person responsible for poisoning an extended family with 
dimethylnitrosamine.198 The suspect added dimethylnitrosamine, 

 

 191. IARC Preamble, supra note 105, at 15–17. 
 192. Id. at 17. 
 193. See REPORT ON CARCINOGENS, supra note 75, at 4. 
 194. See id. 
 195. Id. 
 196. Id. 
 197. See Judicial Boundary Drawing, supra note ††, at 55–56. 
 198. Renate D. Kimbrough, Case Studies, in INDUSTRIAL TOXICOLOGY 414, 417–20 
(P.L. Williams & J.L. Burson eds., 1985). 
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a nearly tasteless liquid, to lemonade in the victims’ refrigerator.199 
Several people drank the lemonade and became sick, and two 
died from liver necrosis.200 Dimethylnitrosamine is quickly 
metabolized, which makes tracing it quite difficult.201 

Based on all the evidence, the investigators concluded that 
the murderous substance was dimethylnitrosamine, a 
carcinogen.202 That it is also a human liver poison was based upon 
acute toxicity studies in rats, inhalation studies in dogs and mice, 
three sets of case reports in humans (two people each), pathology 
evidence, some DNA studies, and extensive circumstantial 
evidence, but no epidemiological studies.203 The human evidence 
consisted of the case reports and the dead and injured victims.204  

There are several major points that emerge from the above 
examples: (1) scientists regard a myriad of kinds of evidence as 
scientifically relevant to judgments about carcinogenicity and 
other adverse effects, not just statistically significant 
epidemiological data; (2) they integrate different kinds of 
evidence by assessing the quality of all relevant and available data 
and determining how the different lines of evidence contribute to 
the conclusion; (3) scientists utilize their professional judgment to 
draw conclusions from the various kinds of data (the Milward 
court endorsed both points); (4) animal data by itself (and 
sometimes with other kinds of data) can be sufficient for a 
judgment that a substance is more likely than not a human 
carcinogen according to the IARC and the NTP; (5) at the IARC, 
animal data plus strong mechanistic data can even be sufficient for 
classifying a substance as a known human carcinogen; and (6) 

 

 199. Id. at 419–20. 
 200. Id. at 417–18. 
 201. Id. at 420. 
 202. Id. 
 203. Renate D. Kimbrough, Pathological Changes in Human Beings Acutely Poisoned by 
Dimethylnitrosamine, in BANBURY REPORT NO. 12: NITROSAMINES AND HUMAN CANCER 25, 
32–33 (Peter N. Magee ed., 1982). 
 204. See id. at 25; see also id. at 25–34 (describing the clinical findings of those who 
died from ingesting dimethylnitrosamine); Ronald C. Shank & Deborah C. Herron, 
Methylation of Human Liver DNA After Probable Dimethylnitrosamine Poisoning, in BANBURY 

REPORT NO. 12: NITROSAMINES AND HUMAN CANCER 153, 153–59 (Peter N. Magee ed., 
1982) (concluding that DNA damage from dimethylnitrosamine can indicate cancer 
growth in humans); Berton Roueche, The Lemonade Mystery, SATURDAY EVENING POST, 
May–June 1982, at 58–61, 120, 126 (explaining how scientists determined the lethal effect 
of dimethylnitrosamine on human livers). 
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when there is less than sufficient or compelling evidence in both 
human and animal studies that a substance is a carcinogen, 
biological analogies between substances that are known to be, or 
probably are, human carcinogens can be combined with such data 
to support a conclusion that a substance is probably a human 
carcinogen. This assessment was made by the IARC for substances 
resembling the toxicity of dioxin (PCB-126 3,4,5,3,4-
Pentachlorobiphenyl and 2,3,4,7,8-Pentachlorodibenzofuran)205 
and for substances resembling vinyl chloride (vinyl fluoride and 
vinyl bromide).206 

The patterns of scientific evidence reviewed above reveal a 
variety of explanatory paths utilizing different kinds of data to 
support a conclusion that a substance can cause adverse effects in 
humans.207 The fact that this includes cancers is important because 
identifying the causal contributors to cancer can be difficult as a 
result of long latency periods with plenty of time and 
opportunities for various “hits” from other sources in the interim 
to contribute to adverse effects.208 There is no single evidentiary 
pattern that is characteristic of nondeductive inferences and 
conclusions about adverse effects in humans. As befits a weight of 
the evidence argument, what matters is that the right 
combinations of different kinds of scientifically relevant evidence 
of sufficient quality support the conclusions. 

A further conclusion, already noted, is that scientific 
experts in court should be permitted to rely upon all scientifically 
relevant evidence in nondeductive arguments to draw conclusions 
about causation.209 “There should be no such hierarchy” of 
evidence, as the Milward court put it, following scientists 
conducting a workshop at the National Cancer Institute.210 This 
decision stands as an important corrective to the views of some 
other appellate and district courts concerning the scientific 
foundation for expert testimony in toxic tort cases. 

 

 205. Preventable Exposures, supra note 162, at 1827. 
 206. Vinyl Halides, supra note 138, at 459–72; id. at 445–58. 
 207. A co-author and I made a similar point about a decade earlier. See Cranor & 
Eastmond, supra note ††, at 39–41. 
 208. See id. at 12. 
 209. See Framework, supra note ††, at 8, 17–19. 
 210. Carbone et al., supra note 164, at 5522. 
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In closing, consider two further unusual evidentiary 
patterns that led scientists to conclude that the substance in 
question can cause adverse effects in people. In the first example, 
an Institute of Medicine and National Research Council 
committee concluded that the ingestion of chaparral, a dietary 
supplement used from the chaparral plant, could have toxic 
effects on the human liver and kidney.211 The only human 
evidence for this conclusion consisted of “nine human case 
reports of definite hepatotoxicity temporally related to chaparral 
use as a single known agent; there are an additional six cases of 
possible hepatotoxicity. Five of the cases exhibited documented 
recovery after cessation of chaparral use and one exhibited 
abnormal liver function upon rechallenge.”212 The group of five 
patients was “dechallenged,” that is, taken off the substance, and 
they then showed recovery from the adverse effects that apparently 
others did not.213 The researchers could not establish a dose-
response for the case reports, although they looked for this data.214 
Animal studies evaluating the active ingredient 
nordihydroguaiaretic (“NDGA”) in chaparral revealed kidney and 
liver damage.215 They added: 

The link between the nephrotoxicity of NDGA in 
animals and hepatotoxicity of chaparral in humans is 
based on the fact that both the renal proximal 
tubules and the liver are major sites of xenobiotic 
metabolism. A parallel finding has also been 
demonstrated in rodents; both renal and hepatic 
toxicity develop in response to the toxic quinone 
imine [a toxic derivative] from acetaminophen.216 

Moreover, they had a “plausible mechanism,” namely the 
metabolism “of NDGA . . . to a toxic quinone and failure to 
remove this reactive metabolite by conjugation if glutathione is 
limiting.”217 They concluded: “The consistency and biological 
 

 211. DIETARY SUPPLEMENTS, supra note 75, at 272. 
 212. Id. at 357. 
 213. Id. at 389. 
 214. Id. at 379. 
 215. Id. at 390. 
 216. Id. at 400 (emphasis added). 
 217. Id. 
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plausibility of these observations is strengthened by knowledge of 
NDGA structure and knowledge about mechanisms of quinone 
toxicity.”218 They are especially concerned about the toxicity of 
chaparral for people with “pre-existing hepatic or renal problems, 
those taking drugs that affect liver function, those with current or 
prior alcohol abuse, and women of child-bearing age.”219 
Consequently, although perhaps not all people need to be 
concerned about taking chaparral, a particular subset would seem 
to be at risk. 

As of 2010, the IARC listed aristolochic acid as a human 
carcinogen.220 This is an ingredient in a Chinese herbal supplement 
used for several purposes: to treat inflammation, edema, heart 
problems, hypertension (as a diuretic), or to facilitate weight 
loss.221 The evidence available to the IARC was a series of case 
reports from the 1990s that described “rapidly progressing end-
stage renal disease following ingestion of medicinal herbs derived 
from [the Aristolochia] plants.”222 There was also evidence of 
some surprisingly rare tumors in women (and one man) found in 
autopsies of individual organs, but there was no control group.223 At 
that time, neither the IARC nor the authors of the case reports 
could identify “specific causal agents.”224 However, when this 
substance was evaluated six years later, the IARC reported 
“mechanistic evidence of aristolochic acid–specific A:T-T:A 
transversions in the TP53 tumor suppressor gene in renal disease 
patients.”225 That is, aristolochic acid caused an A:T to T:A 
transversion in the genome of a particular tumor suppressor gene. 
In turn, this enabled the IARC to identify aristolochic acid as the 
causal agent and to classify it as a known human carcinogen.226 
There is limited evidence based on human data, but in a table they 

 

 218. Id. at 399. 
 219. Id. at 361. 
 220. See A Review of Human Carcinogens: Pharmaceuticals, 100A IARC MONOGRAPHS ON 

THE EVALUATION OF CARCINOGENIC RISKS TO HUMANS 359 (Int’l Agency for Research on 
Cancer, World Health Org., 2012) [hereinafter Pharmaceuticals]. 
 221. Id. at 348. 
 222. Preventable Exposures, supra note 162, at 1832. 
 223. Pharmaceuticals, supra note 220, at 352. 
 224. Preventable Exposures, supra note 162, at 1832. 
 225. Id. 
 226. Id. 
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conclude that there is “sufficient evidence” for carcinogenicity in 
experimental animals and mechanistic evidence of genotoxicity.227 

III.  CONCLUSION 

Some courts have insisted that only certain categories of 
evidence can support expert testimony—e.g., statistically 
significant human epidemiological studies—while some courts 
have barred expert testimony based on various kinds of non-
epidemiological evidence when epidemiological evidence was 
poor or unavailable—e.g., animal data plus mechanistic data. 
These principles for reviewing expert testimony are at odds with 
how distinguished scientific committees come to conclusions 
about toxicity. If, in the spirit of Judge Posner’s aphorism, “[l]aw 
lags science; it does not lead it,”228 courts, following the First 
Circuit in Milward, should recognize the need to close the gap 
between science and the law and recognize a wider range of 
evidence in support of expert testimony for toxicity in humans. 

The above patterns of evidence also reveal several ways in 
which substances can be “ruled in” as a possible cause of disease. 
Animal and mechanistic data “ruled in” dioxin as a known human 
carcinogen when human data was inadequate for that purpose.229 
For several substances, animal studies, plus the patterns of disease 
the substances cause in them, can be sufficient for concluding that 
there will be adverse effects in people—e.g., tumors in multiple 
tissues or in multiple species—such as those for MOCA or 
CCNU.230 For aristolochic acid, case reports on humans showing a 
rare disease pattern (but no controls), animal data, and a 
particular pattern of DNA base-tranversions were sufficient.231 For 
benzidine dyes that metabolize to benzidine, it was sufficient that 
they metabolize to a known carcinogen even though there was no 
human data on two of the dyes.232 Similarly, if one had been 
exposed to PCB 126 and contracted cancer, this could be ruled in 
as a possible cause of the disease because of mechanistic 
 

 227. Id. at 1833 (“Genotoxicity; ATT:A transversions in TP53 of patients with severe 
renal nephropathy or urothelial tumors.”). 
 228. Rosen v. Ciba-Geigy Corp., 78 F.3d 316, 319 (7th Cir. 1996). 
 229. Preventable Exposures, supra note 162, at 1832. 
 230. Aromatic Amines, supra note 1, at 359. 
 231. Pharmaceuticals, supra note 220, at 359. 
 232. Overall Evaluation, supra note 138, at 126. 
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similarities to dioxin by means of animal data and a particular 
cellular receptor.233 There is no human epidemiological data on 
PCB 126.234 In addition, if a person were one of about 1500 
workers exposed to vinyl bromide to contract liver cancer, there 
are no human epidemiological studies to which one could appeal. 
Instead, this substance could be ruled in as a possible cause of 
cancer because of animal data and mechanistic data, similar to 
vinyl chloride.235 Courts should similarly recognize various routes 
by which substances can be “ruled into” nondeductive arguments 
as a reasonable explanation for an adverse effect and permit 
scientists to testify to the adverse effects. 

The science for identifying substances as known or 
probable human carcinogens has advanced substantially since 
1987—the date of Supplement 7 of the IARC and a few years 
before Daubert—yet courts have not kept pace with scientific 
developments during this period. Where the science has led, 
courts have not followed. The First Circuit Court’s decision in 
Milward has substantially advanced the law on this front and points 
the way to a more subtle analysis of the scientific basis of 
admissibility in toxic tort cases. 

 

 

 233. Chemical Agents, supra note 6, at 371. 
 234. Id. at 345. 
 235. Vinyl Halides, supra note 138, at 454. 


