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n some ways, the First Circuit in Milward v. Acuity Specialty Prod-
ucts Group, Inc.1 seems to have reached a surprising result. It is 

not every day, after all, that a district judge—who wrote an opinion 
that cited the correct binding precedent, addressed each of the 
factors recited in the precedential opinion being followed, and 
supported it all with citations to the record—is reversed for abuse 
of discretion. This symposium issue explores the significance of 
the First Circuit’s holding that the trial judge should have admit-
ted the testimony of the plaintiff’s expert on general causation. 
The answer, fortunately, seems readily available. The First Circuit’s 
approach “constricts the critical judicial gatekeeping role that [the 
Supreme] Court recognized in Joiner in a way that will require the 
admission of almost any expert testimony on any open scientific 
issue.”2 It also merely “reflects a fact-intensive application of set-
tled legal principles regarding the admissibility of expert testimo-
ny,”3 although if followed, “it would return the law to the pre-
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research assistants Olivia Pomann, Kevin Geary, and Sara Cannon for their assistance. 
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Newark. 
 1. 639 F.3d 11 (1st Cir. 2011), cert. denied sub nom. U.S. Steel Corp. v. Milward, 132 
S. Ct. 1002 (2012) (reversing exclusion of plaintiffs’ expert witness on causation). 
 2. Petition for Writ of Certiorari at 17 Milward, 132 S. Ct. 1002 (No. 11-316), 2011 
WL 4073080 at *17 (referring to General Elec. Co. v. Joiner, 522 U.S. 136 (1997)). 
 3. Respondents’ Brief in Opposition at 1 Milward, 132 S. Ct. 1002 (No. 11-316), 
2011 WL 5593188 at *1.  

I 
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Daubert era in which experts were not held to the scientific meth-
od.”4 

That a single court decision could be all of these things is, 
of course, a product of our adversary system, in which the inter-
pretation of a court opinion depends on the position of the party 
doing the interpreting. The familiar irony is that the plaintiffs who 
worked so hard to achieve the Milward result—and who no doubt 
understood that they were swimming against a strong judicial cur-
rent reified by the district court decision they appealed—were 
constrained, after winning, to diminish their own victory for fear 
of attracting the attention of the Supreme Court.5 By contrast, the 
defendants and the amici curiae who supported them, who per-
ceived that they had much to lose if Milward changed the law, 
necessarily contended it had done just that—words they may re-
gret in future cases posing similar issues. 

The real Milward will stand up,6 eventually, as courts vari-
ously extend, limit, distinguish, criticize, follow, or decline to fol-
low it. Prediction is very difficult, especially about the future,7 and 
just as a statement in a brief may later be used by adverse parties, a 
prediction in a law review may be invoked in an effort to ensure 
that the prediction never comes true.8 Nevertheless, this essay ar-
gues that Milward is not an outlier with a short shelf life, but rather 
has the potential to enter and to deflect the main stream of toxic 
tort causation jurisprudence. Part I examines how Milward’s out-
come reflects the way the case was framed for the court of appeals. 

 
 4. Brief for Chamber of Commerce of U.S. et al. as Amici Curiae in Support of Peti-
tioners at 3 Milward, 132 S. Ct. 1002 (No. 11-316), 2011 WL 4912891 at *3 (referring to 
Daubert v. Merrell Dow Pharm., Inc., 509 U.S. 579 (1993)). 
 5. By contrast, the losing plaintiffs in Tamraz v. Lincoln Elec. Co., 620 F.3d 665 
(6th Cir. 2010), cert. denied, 131 S. Ct. 2454 (2011), who relied on Milward in seeking cer-
tiorari, argued that Tamraz and Milward announced “irreconcilable” legal rules. Petition-
ers’ Reply Brief at 2, Tamraz v. Lincoln Elec. Co., 131 S. Ct 2454 (2011), cert. denied (No. 
10-1122), 2011 WL 1540417 at *2.  
 6. Readers of a certain age will recognize the tag line of the old game show To Tell 
the Truth. See Dennis Hevesi, Bob Stewart, Inventor of Game Shows, Is Dead at 91, N.Y. TIMES, 
May 8, 2012, at A21. 
 7. Efforts to locate a source for this aphorism-bordering-on-cliché ran quickly into a 
wall of “variously attributed to . . . .” E.g., HENRY T. GREELY & ANTHONY D. WAGNER, Refer-
ence Guide on Neuroscience, in REFERENCE MANUAL ON SCIENTIFIC EVIDENCE 747, 811 & n.82 
(3d ed. 2011) (mentioning various attributions); Alexander Scherr, Daubert & Danger: 
The “Fit” of Expert Predictions in Civil Commitments, 55 HASTINGS L.J. 1, 1 n.1 (2003) (same); 
Mark Tushnet, Mr. Jones & the Supreme Court, 4 GREEN BAG 2D 173, 178 n.8 (2001) (same). 
 8. My brief discussion of Milward in an earlier article, for example, turned up in the 
defendants’ petition for certiorari. Petition for Writ of Certiorari, supra note 2, at 31. 
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Part II shows that Milward is compatible with Supreme Court 
precedent and suggests guidelines for future application of prin-
ciples learned from Milward. Part III considers Milward’s implica-
tions against the backdrop of advancing scientific understanding 
of toxic causation. 

I.  FRAMING AND FIT 

In trying to understand the output of an appellate opinion, 
it is helpful to examine the input the court was given.9 Psycholo-
gists and advocates both know that how a decision is framed can 
powerfully influence the results.10 My thesis is that, in light of the 
way the parties framed Milward for the court of appeals, the result 
is neither surprising nor outrageous.11 And precisely because it is 
neither surprising nor outrageous, Milward may prove influential. 

The framing, of course, began in the district court. The 
plaintiffs claimed that Brian Milward developed acute 
promyelocytic leukemia (“APL”) because of his occupational ex-
posure to benzene contained in defendants’ negligently manufac-
tured and marketed products.12 The question of general causation 
was separated and given precedence for trial before all other is-
sues.13 The defendants asked that it be so.14 We must presume that 
they thought they had a winner—that the plaintiffs would not be 
able to prove that exposure to benzene ever causes APL, or, as the 

 
 9. See generally Richard Lazarus, The National Environmental Policy Act in the U.S. Su-
preme Court: A Reappraisal and a Peek Behind the Curtains, 100 GEO. L.J. 1507, 1565–68 
(2012) (discussing how strategies of advocates can play a critical role in shaping judicial 
precedents). 
 10. To dip a toe into the literature on framing, see, for example, Richard L. Hasen, 
Efficiency Under Informational Asymmetry: The Effect of Framing on Legal Rules, 38 UCLA L. 
REV. 391, 393–95, 401–04 (1990) (applying framing to products liability analysis); Howard 
Latin, “Good” Warnings, Bad Products, & Cognitive Limitations, 41 UCLA L. REV. 1193, 1235–
40 (1994) (describing classic experiments on how framing affects decision-making); Justin 
Wedeking, Supreme Court Litigants & Strategic Framing, 54 AM. J. POL. SCI. 617, 628 (2010) 
(asserting that data support hypothesis that issue framing affects outcome of Supreme 
Court cases). 
 11. See generally Kumho Tire Co., Ltd. v. Carmichael, 526 U.S. 137, 158 (1999) (as-
sessing district court’s exercise of discretion to exclude expert testimony “[i]n light of the 
record as developed by the parties”). 
 12. Milward v. Acuity Specialty Prods. Grp., Inc., 639 F.3d 11, 13 (1st Cir. 2011), cert. 
denied sub nom. U.S. Steel Corp. v. Milward, 132 S. Ct. 1002 (2012). 
 13. Id. 
 14. Id. 
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issue is more commonly stated, that benzene “is capable of” caus-
ing APL.15 

Why might the defendants have thought that? They knew 
they could rely on a commonly used device: challenging the ad-
missibility of expert testimony essential to plaintiffs’ proof of cau-
sation.16 And in the district court, they succeeded.17 

The plaintiffs’ expert, Dr. Martyn Smith, would have 
opined that, based on his evaluation of a variety of scientific data, 
the weight of the evidence supported the conclusion that expo-
sure to benzene can cause APL.18 The district judge’s ruling on the 
defendants’ objection to that testimony followed the approach, 
familiar since Joiner,19 that Professor Thomas McGarity memorably 
called “corpuscular.”20 That is, the district court opinion analyzed 
individually each bit of evidence on which Dr. Smith relied and, 
one by one, found them all wanting.21 As plaintiffs pointed out to 
the First Circuit,22 by sequentially eliminating each corpuscle of 
supporting evidence, the district court achieved a striking result—
excluding expert testimony without even discussing the appropri-
ateness of the “weight of the evidence” methodology the expert 
said he had applied. 

 
 15. Id. (quoting RESTATEMENT (THIRD) OF TORTS: LIAB. FOR PHYSICAL & EMOTIONAL 

HARM § 28 cmt. c(3) (2010)). More precisely, the issue was whether exposure to benzene 
causes APL. The body converts benzene to metabolites that damage DNA and cause cer-
tain types of leukemia. Milward v. Acuity Specialty Prods. Grp., Inc., 664 F. Supp. 2d 137, 
147 (D. Mass. 2009), rev’d, 639 F.3d 11 (1st Cir. 2011), cert. denied sub nom. U.S. Steel Corp. 
v. Milward, 132 S. Ct. 1002 (2012). 
 16. See Joseph Sanders, The Controversial Comment C: Factual Causation in Toxic-
Substance and Disease Cases, 44 WAKE FOREST L. REV. 1029, 1034 (2009) (pattern of exclu-
sion of plaintiff’s causation expert followed by summary judgment for defendant is “quite 
familiar”). 
 17. Milward, 639 F.3d at 13. 
 18. Milward, 664 F. Supp. 2d at 142. 
 19. General Elec. Co. v. Joiner, 522 U.S. 136, 145–47 (1997) (considering individual-
ly each study presented by respondent and finding that each was not a sufficient basis for 
the experts’ opinions on general causation). 
 20. Thomas O. McGarity, Proposal for Linking Culpability and Causation to Ensure Cor-
porate Accountability for Toxic Risks, 26 WM. & MARY ENVTL. L. & POL'Y REV. 1, 19 (2001). 
The First Circuit labeled the approach “atomistic.” Milward, 639 F.3d at 23. Professor 
McGarity’s biological metaphor seems more apt. 
 21. Milward, 664 F. Supp. 2d at 144–49 (rejecting, seriatim, each type of evidence 
upon which Dr. Smith relied). 
 22. Opening Brief of Plaintiffs-Appellants Brian K. Milward & Linda J. Milward at 
48–49, Milward v. Acuity Specialty Prods. Grp., Inc., 639 F.3d 11 (1st Cir. 2011), cert. denied 
sub nom. U.S. Steel Corp. v. Milward, 132 S. Ct. 1002 (2012) (No. 09-2270). 
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The precise legal basis the district court used to dismiss 
each of the four strands of scientific research on which Dr. Smith 
based his opinion23 was a little fuzzy, however. The court naturally 
began by reciting the pertinent rule of evidence: 

 
If scientific, technical, or other specialized 
knowledge will assist the trier of fact to understand 
the evidence or to determine a fact in issue, [an ex-
pert] witness . . . may testify thereto in the form of 
an opinion or otherwise, if (1) the testimony is 
based upon sufficient facts or data, (2) the testimo-
ny is the product of reliable principles and meth-
ods, and (3) the witness has applied the principles 
and methods reliably to the facts of the case.24 
 
In dismissing one of the identified bases of Dr. Smith’s 

opinion, the district court concluded that the testimony was “not 
supported by sufficient reliable facts and data[,]” 25 echoing sub-
section (1) of Rule 702. In dismissing another, the district court 
found that the testimony was “not the result of an application of 
reliable methodology to valid data[,]”26 which sounds similar to 
subsection (3). But the district court dismissed each of the other 
two lines of evidence by characterizing the connection between 
scientific observation and Dr. Smith’s causation opinion as “only 
an hypothesis and not a conclusion that has been shown to be re-
liably established.”27 

The latter finding cannot be so easily pigeonholed into the 
text of Rule 702. The focus on whether each conclusion was relia-
 
 23. These were: (1) benzene causes acute myelogenous leukemia (AML) as a class, 
and all AML subtypes, including APL, have a common etiology; (2) benzene causes chro-
mosome damage, and APL commonly exhibits a particular type of chromosome damage; 
(3) benzene inhibits topoisomerase II, and inhibition of that enzyme is a known 
leukemogenic mechanism; (4) the limited epidemiologic data, which suggest that ben-
zene exposure increases risk of APL, are consistent with causation. Milward, 639 F.3d at 
19–20. The court of appeals broke the first of these into two components and thus ad-
dressed five lines of evidence in support of Dr. Smith’s conclusion. See id. 
 24. FED. R. EVID. 702. In 2000, the rule was “amended in response to Daubert v. Mer-
rell Dow Pharmaceuticals, Inc., 509 U.S. 579 (1993), and to the many cases applying Daubert, 
including Kumho Tire Co. v. Carmichael, 119 S. Ct. 1167 (1999).” Id. at advisory committee’s 
note. 
 25. Milward, 664 F. Supp. 2d at 144 (emphasis omitted). 
 26. Id. at 148 (emphasis omitted). 
 27. Id. at 146 (emphasis omitted). 
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bly established harkens to Justice Blackmun’s admonition in 
Daubert that the phrase “scientific knowledge” implied a standard 
of evidentiary reliability requiring that an inference or assertion 
“be derived by the scientific method . . . based on what is 
known.”28 But the focus on the link from “what is known” (by ob-
servation) to Dr. Smith’s opinion reverberates Chief Justice 
Rehnquist’s famous “analytical gap” from Joiner.29 Thus, the 
Milward district court opinion collapsed Daubert’s supposedly dis-
tinct analytical prongs, reliability and “fit,” into a single question: 
what constitutes adequate scientific support for an inference of 
general causation?30 

Professor Joseph Sanders has noted that since Daubert, the 
case law has reflected an increasing “dominance of scientific un-
derstandings of causation in toxic-tort cases.”31 The Milward dis-
trict court decision quite directly put at issue the question of what 
the law means by “scientific understanding,” or, as Professor 
Sanders put it, “the law’s implicit epistemology with respect to sci-
entific knowledge.”32 The parties framed the question that way on 
appeal.33 

The plaintiffs contended that, so long as (1) the varied bits 
of evidence assembled in connection with a causal opinion were 
themselves the product of research conducted consistent with the 
scientific method, and (2) the expert ignored none of them in 
considering whether they collectively supported the opinion, then 
(3) the inherently judgmental process of discerning the weight of 
the evidence was itself a scientific undertaking.34 For the defend-
ants, that weighing process could never be scientific, in a legal 

 
 28. Daubert v. Merrell Dow Pharm., Inc., 509 U.S. 579, 590 (1993). 
 29. General Elec. Co. v. Joiner, 522 U.S. 136, 146 (1997). 
 30. See Milward, 664 F. Supp. 2d at 142 (“[I]t may be necessary for the trial judge to 
evaluate whether the conclusions drawn by the expert have adequate support in the scien-
tific principles upon which the expert purports to rely.”); id. at 149 (excluding testimony 
for lack of “sufficient evidence . . . to warrant a reliable scientific inference”). 
 31. Sanders, supra note 16, at 1045. 
 32. Joseph Sanders, Kumho and How We Know, 64 LAW & CONTEMP. PROBS. 373, 374 

(2001). 
 33. See Opening Brief of Plaintiffs-Appellants, supra note 22, at 2; Brief for Defend-
ants-Appellees at 1, Milward v. Acuity Specialty Prods. Grp., Inc., 639 F.3d 11 (1st Cir. 
2011), cert. denied sub nom. U.S. Steel Corp. v. Milward, 132 S. Ct. 1002 (2012) (No. 09-
2270). 
 34. For the most nearly explicit presentation of this abstraction of plaintiffs’ argu-
ment, see Plaintiffs’ Reply Brief In Support of the Admissibility of Their Expert Evidence 
on General Causation at 5–8 Milward, 664 F. Supp. 2d 137 (No. 1:07-cv-11944). 
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sense, because it could never satisfy the Daubert factors,35 particu-
larly in the absence of epidemiologic proof: 

 
Without supporting evidence derived from peer-
reviewed epidemiological studies, it is almost impos-
sible for an expert attempting to prove a specific 
cause of a disease to show, under Daubert, that the 
theory has “verifiability,” has a known “error rate,” 
“has been published and/or subjected to peer re-
view,” and/or has been “accepted within the scien-
tific community.”36 
 
In effect, the defendants asked the First Circuit to envision 

the legal question of proof of general causation as a scientific hy-
pothesis, contrasted with the null hypothesis of no causation. So 
viewed, they argued, the only reliable “proof” is a controlled ex-
periment with statistically significant results that justify rejection of 
the null hypothesis—or, conceding that such an experiment is 
impossible, similar results from observational epidemiology in lieu 
of a controlled experiment.37 This vision borrowed heavily from 
the “general observations” about the scientific method that Justice 
Blackmun engrafted onto Daubert’s holding, which themselves in-
voked a single, hypothesis-testing model of scientific inquiry.38 The 
 
 35. Brief for Defendants-Appellees, supra note 33, at 29 (“Dr. Smith also cannot save 
his flawed opinions by claiming that his ‘weight of the evidence’ approach is generally ac-
cepted in the scientific community . . . . [S]cientists themselves often characterize the 
‘weight of the evidence’ approach used by Dr. Smith as too ‘elusive’ and undefined . . . . 
This same conclusion applies even more forcefully to the litigation work of experts, who 
must comply with the legal requirements set forth in Daubert: (i.e., their opinions must be 
scrutinized for possible verification, error rates, peer review, and/or acceptance by the 
scientific community).”) (emphasis in original); see Daubert v. Merrell Dow Pharm., Inc., 
509 U.S. 579, 593–94 (1993). 
 36. Brief for Defendants-Appellees, supra note 33, at 34. 
 37. In this model, the idea of “proof” of a scientific hypothesis is something of an 
oxymoron. In Popper’s philosophy of science, cited in Daubert, “scientific claims can never 
be shown to be true[.]” Susan Haack, Federal Philosophy of Science: A Deconstruction—And a 
Reconstruction, 5 N.Y.U. J.L. & LIBERTY 394, 396–97 (2010) (emphasis omitted). 
 38. See Daubert, 509 U.S. at 593. Susan Haack has shown convincingly that Daubert 
embraced but one of several philosophies of science, and that it did so incorrectly. See 
Haack, supra note 37, at 396–97 (identifying “numerous rivals” to Popper’s falsificationist 
approach); id. at 398 (stating that Popper’s philosophy cannot support Daubert’s “preoc-
cupation” with scientific reliability); Susan Haack, Trial and Error: The Supreme Court’s Phi-
losophy of Science, 95 AM. J. PUB. HEALTH S66, S67–68 (2005) [hereinafter Trial and Error]. 
Haack describes Daubert’s erroneous use of “an unstable amalgam” of different philosoph-
ical approaches: “Nor is there a ‘scientific method’ in the sense the Court assumed: no 
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defendants contended that the weight of the evidence methodol-
ogy simply did not fit Daubert’s model, and therefore the plaintiffs’ 
expert could not rely upon it.39 

One cannot fault the defendants for making the argument. 
It had worked elsewhere.40 Yet I posit that once the issue was 
framed this way, the First Circuit’s decision was not only unsurpris-
ing, it was surely correct. 

The deep problem the defendants’ position presented was 
not the assumption that hypothesis-testing is the sole legal hall-
mark of reliable science. It was the implicit assumption that only 
one hypothesis mattered—that Dr. Smith’s “subsidiary conclusions”41 
about the biological characteristics of benzene metabolism, even if 
based on studies that satisfied the Daubert methodology factors,42 
could not have supported the inference that benzene exposure 
can cause APL. The defendants’ argument implied that evidence 
that does not directly test the hypothesis in question could never 
support an inference of general causation,43 because the process 
of making such an inference “is hardly the type of reliable scien-
tific evidence contemplated by Daubert.”44 Defendants worded this 
argument in the language of the Daubert reliability factors, but it 

 
uniquely rational mode of inference or procedure of inquiry used by all scientists and on-
ly by scientists.” Id. at S68; see also Sanders, supra note 32, at 388 (noting Daubert’s “rela-
tively unsophisticated” view of science). 
 39. See Brief for Defendants-Appellees, supra note 33, at 51–54. 
 40. See Magistrini v. One Hour Martinizing Dry Cleaning, 180 F. Supp. 2d 584, 602–
07 (D.N.J. 2002), aff’d, 68 Fed. Appx. 356 (3d Cir. 2003) (holding that the expert’s appli-
cation of weight of the evidence methodology was unreliable because the expert did not 
explain how individual pieces of evidence were weighed); Estate of George v. Vt. League 
of Cities & Towns, 993 A.2d 367, 379 (Vt. 2010) (affirming exclusion of testimony in part 
because the expert did not specify the precise weight he gave to each study). 
 41. Milward v. Acuity Specialty Prods. Grp., Inc., 639 F.3d 11, 21 (1st Cir. 2011), cert. 
denied sub nom. U.S. Steel Corp. v. Milward, 132 S. Ct. 1002 (2012). 
 42. A defense expert opined that Dr. Smith’s interpretation of epidemiologic data 
was inconsistent with the norms of the discipline. See Milward v. Acuity Specialty Prods. 
Grp., Inc., 664 F. Supp. 2d 137, 148–49 (D. Mass. 2009), rev’d, 639 F.3d 11 (1st Cir. 2011), 
cert. denied sub nom. U.S. Steel Corp. v. Milward, 132 S. Ct. 1002 (2012) (describing de-
fense expert’s explanation of Dr. Smith’s faulty interpretation). Otherwise the defendants 
did not challenge the methodological quality or internal validity of the research upon 
which Dr. Smith relied. Instead, the defendants attacked the subsidiary conclusions by 
contesting the meaning of the underlying studies’ findings, rather than asserting that the 
studies were improperly conducted. Brief for Defendants-Appellees, supra note 33, at 37. 
 43. Brief for Defendants-Appellees, supra note 33, at 24 (emphasizing the district 
court finding that no epidemiologic study gives “direct” support to the proposition that 
benzene causes APL). 
 44. Id. at 53. 
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boiled down to a claim about Joiner analytical gaps. The First Cir-
cuit could not buy it. 

It can be dangerous to use hypotheticals when considering 
Daubert issues.45 Still, circumstances come easily to mind in which 
the circumscribed notion of fit, inherent in the Milward defend-
ants’ take on weight of the evidence, simply does not fit scientific 
reality. 

Suppose, for example, that a lawsuit somehow hinged on 
whether the length of the bills of the downy woodpeckers that visit 
my bird feeder is a product of natural selection and could evolve 
through inherited changes in response to alterations in the birds’ 
food supply. I cannot be certain, but I strongly suspect this partic-
ular question has never been the subject of controlled experimen-
tation or even quasi-experimental observation.46 Some elegant re-
search showed that beak size and shape in Darwin’s finches 
evolved quite rapidly in the face of changes in a highly variable 
food source;47 but Darwin’s finches are not downy woodpeckers. 
Other experiments or field observations have shown heritable trait 
changes in response to environmental change: dandelions evolved 
different reproductive strategies depending on whether or not 
they lived in the path of lawn mowers;48 certain plants growing on 
mine tailings evolved heavy metal tolerance not seen in individuals 
of the same species growing in ordinary soil;49 bacteria evolved re-
sistance to antibiotics broadcast into the microbial environment.50 

 
 45. The Supreme Court demonstrated this with its own “unfortunate” example of an 
expert proposing to testify that the phases of the moon can cause irrational behavior. 
Sanders, supra note 16, at 1036 (quoting Daubert v. Merrell Dow Pharm., Inc., 509 U.S. 
579, 591 (1993)). 
 46. A search on Wilson’s Web of Science found no relevant publications. See generally 
GARY RITCHISON, WILD BIRD GUIDES, DOWNY WOODPECKER 10, 20–21 (1999) (describing 
features and evolution of bill but not specifically discussing bill length). 
 47. Peter R. Grant & B. Rosemary Grant, Evolution of Character Displacement in Dar-
win’s Finches, 313 SCIENCE 224 (2006) (describing how drought-induced changes in the 
supply of seeds to eat and the arrival of a new competitor species resulted in evolutionary 
changes in beak size); Peter R. Grant & B. Rosemary Grant, Unpredictable Evolution in a 30-
Year Study of Darwin’s Finches, 296 SCIENCE 707 (2002) (describing evolutionary changes in 
beak size). 
 48. Otto T. Solbrig & Beryl B. Simpson, Components of Regulation of a Population of 
Dandelions in Michigan, 62 J. ECOLOGY 473 (1974). 
 49. T. McNeilly & A.D. Bradshaw, Evolutionary Processes in Populations of Copper Toler-
ant Agrostis Tenuis Sibth., 22 EVOLUTION 108, 108 (1968). 
 50. See Richard S. Savert, In Tepid Defense of Population Health: Physicians and Antibiotic 
Resistance, 34 AM. J.L. & MED. 431, 439–40 (2008) (describing biological mechanisms of 
development of bacterial resistance to antibiotics). 
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But the analytical gap between these species and woodpeckers 
seems even greater. Biologists might find the gene or genes that 
control bill length,51 but such mechanistic evidence would seem to 
be no substitute for an experiment that could falsify the hypothe-
sis that bill length evolves in actual populations of downy wood-
peckers. 

If my initial conjecture about the state of research into 
downy woodpecker bill-length evolution is correct, then any ex-
pert testimony about the subject would be based on the weight of 
the evidence: the coherence of the theory of evolution by natural 
selection, the fossil record, the observed environmentally induced 
heritable changes in other species, and the understanding of the 
molecular basis of inheritance. Yet that evidence is overwhelm-
ing.52 No reputable biologist would concede the slightest doubt 
that downy woodpecker bill-length did and could evolve in re-
sponse to natural selection.53 Presumably, no court would refuse to 
admit testimony to such an effect on the grounds that the basis of 
the opinion could not be verified or assigned an error rate, or be-
cause the scientist could not quantify the weight assigned to each 
piece of evidence. 

It is easy to think of other examples, including examples in 
which reasonable scientists might differ. Astronomers can collect 
observations that are consistent or inconsistent with their compet-
ing views about whether the increasing rate of expansion of the 
universe means the expansion will continue indefinitely.54 But they 
cannot directly test that hypothesis. 
 
 51. See generally Arhat Abzhanov et al., Bmp4 and Morphological Variation of Beaks in 
Darwin’s Finches, 305 SCIENCE 1462 (2004) (finding that expression of gene Bmp4 in em-
bryos correlates with width and depth of beaks); Arhat Abzhanov et al., The Calmodulin 
Pathway and Evolution of Elongated Beak Morphology in Darwin’s Finches, 442 NATURE 563 
(2006) (finding that strong expression of gene CaM in embryos produces long, pointy 
beaks). 
 52. See generally Michael Berkman & Eric Plutzer, An Evolving Controversy: The Struggle 
to Teach Science in Science Classes, AM. EDUCATOR, Summer 2012, at 12, 15 (describing how 
“independent and convergent evidence” increases confidence in the theory of evolution); 
ANATOLY RUVINSKY, GENETICS AND RANDOMNESS 155 (2010) (“[A]fter . . . countless at-
tempts to test and even to disprove the Darwinian view, this is the most convincing and 
factually supported theory of evolution.”). 
 53. See generally NAT’L ACAD. OF SCIS. & INST. OF MED., SCIENCE, EVOLUTION, AND 

CREATIONISM, at xiii (2008) (“[T]here is no controversy in the scientific community about 
whether evolution has occurred.”). 
 54. See Paul J. Steinhardt, The Inflation Debate, SCI. AM., Apr. 2011, at 36, 38 (describ-
ing a similar debate and data that might support opposing views). See generally Stephen 
Battersby, The Unraveling, NEW SCIENTIST, Feb. 5, 2005, at 31 (describing alternative sce-
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Admittedly, these hypotheticals are not like a toxic tort case 
and are unlikely to become the subjects of lawsuits. But they illus-
trate why per se resistance to nondeductive reasoning and “infer-
ence to the best explanation” is untenable for courts. The First 
Circuit’s instinctive understanding of this is implicit in the court’s 
dismissive response to the issue as framed in Milward: “No serious 
argument can be made that the weight of the evidence approach 
is inherently unreliable.”55 

The appellate court defended the role that a scientist’s ex-
ercise of judgment plays in a weight of the evidence analysis by 
comparing it to the role of judgment in the reasoning process 
commonly called differential diagnosis (although it might be 
more properly called differential etiology when applied to infer-
ring the cause of a disease, and differential causal analysis when 
applied in a non-disease context).56 The court cited two cases from 
the Tenth Circuit that involved expert opinion on the cause of 
failures in manufactured products and two of its own cases that in-
volved expert opinion on the cause of medical conditions.57 One 
of the latter, Baker v. Dalkon Shield Claimants Trust,58 was a toxic 
tort case. That decision reversed the district court’s exclusion of 
testimony by a defense expert who would have opined that the 
plaintiff’s pelvic inflammatory disease (“PID”) was likely caused by 
a chlamydia infection rather than an intrauterine device.59 There 
was no proof that the plaintiff had actually been infected with 
chlamydia at the time her PID developed.60 Nonetheless, the ex-
pert noted that chlamydia was one of the two most common caus-
es of PID; that the plaintiff’s symptoms ruled out the other most 
common cause (gonorrhea); that there was evidence at the rele-
vant time of an infection with another sexually transmitted dis-
ease; that such diseases often go together; and that a blood test 

 
narios); Stuart Clark, Heart of Darkness, NEW SCIENTIST, Feb. 17, 2007, at 28, 28 (describing 
efforts to collect supportive data). 
 55. Milward v. Acuity Specialty Prods. Grp., Inc., 639 F.3d 11, 18–19 (1st Cir. 2011), 
cert. denied sub nom. U.S. Steel Corp. v. Milward, 132 S. Ct. 1002 (2012). 
 56. Id. at 18. 
 57. Id. at 17–18 (citing Bitler v. A.O. Smith Corp., 391 F.3d 1114, 1124 n.5 (10th Cir. 
2004); Cruz v. Bridgestone/Firestone N. Am. Tire, LLC, 388 F. App’x 803, 806–07 (10th 
Cir. 2010); Granfield v. CSX Transp., Inc., 597 F.3d 474, 486 (1st Cir. 2010); Baker v. 
Dalkon Shield Claimants Trust, 156 F.3d 248, 253 (1st Cir. 1998)). 
 58. 156 F.3d 248 (1st Cir. 1998). 
 59. Id. at 251. 
 60. Id. at 253–54. 
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performed years later revealed that the plaintiff had been infected 
by chlamydia at some point in her life.61 The First Circuit held that 
the assemblage of this evidence to support an opinion that the 
chlamydia caused plaintiff’s PID “rests on a scientific method.”62 

In Milward, the court of appeals made the analogy between 
the reasoning processes of differential diagnosis and weight of the 
evidence on its own accord, unprompted by the parties.63 The 
choice is instructive because differential diagnosis typically is ap-
plied to the issue of specific causation in a toxic tort case—did the 
accused exposure cause this plaintiff’s case of disease—as opposed 
to the general causation issue involved in Milward.64 The court 
must have understood that in the current state of science, specific 
causation can never be ascertained by direct hypothesis-testing. 
But this does not, and cannot, mean that specific causation can 
never be reliably inferred. For example, a plaintiff might prove 
that he or she had been exposed to a large dose of a substance 
linked to the plaintiff’s disease by a well-elucidated biological 
mechanism and strongly associated with a very high relative risk of 
that disease, and that the plaintiff had not been subjected to any 
of the known alternative causes of the disease. This proof could 
support a very strong inference forming the basis for a scientific 
opinion of specific causation—one which would be universally ac-
cepted as “reliable.”65 But the inference would still involve a pro-
cess of reasoning to the best explanation rather than demonstra-
tion by controlled experiment. The First Circuit, apparently, saw 
no way to accept that such a reasoning process could prove specif-
ic causation but not general causation. 

The authors of a leading treatise on scientific evidence 
chide the First Circuit for this analogy and for “attributing the 
term ‘methodology’ to what [the court] labels the ‘weight of the 

 
 61. Id. at 252. 
 62. Id. at 253. 
 63. Milward v. Acuity Specialty Prods. Grp., Inc., 639 F.3d 11, 18 (1st Cir. 2011), cert. 
denied sub nom. U.S. Steel Corp. v. Milward, 132 S. Ct. 1002 (2012). 
 64. See, e.g., RESTATEMENT (THIRD) OF TORTS: LIAB. FOR PHYSICAL & EMOTIONAL 

HARM § 28 cmt. c(4) (2010) (differential diagnosis “can provide probative evidence of 
specific causation”); Henricksen v. ConocoPhillips Co., 605 F. Supp. 2d 1142, 1158 (E.D. 
Wash. 2009) (“[D]ifferential diagnosis cannot demonstrate general causation . . . .”). 
 65. Courts have rejected facial challenges to the reliability of differential diagnosis. 
E.g., Baldonado v. Wyeth, No. 04 C 4312, 2012 U.S. Dist. LEXIS 74843, at *28–31 (N.D. Ill. 
May 31, 2012) (citing numerous cases). 
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evidence approach.’”66 It is fair enough to say that weight of the 
evidence cannot be considered a reliable or unreliable methodol-
ogy in the same way that, in their example, the choice of a control 
group in a case-control epidemiologic study can be.67 But we can 
forgive the appellate court this formulation, in light of how the 
parties and the Supreme Court framed the issue for decision. 

II.  WEIGHTS AND GATES 

On the other hand, it also seems right to observe that the 
weight of the evidence approach simply describes the way people 
explain the world—in this context, that it really is just “a way to as-
certain causation.”68 This observation raises two questions about 
how weight of the evidence fits with a court’s evidentiary gatekeep-
ing function and the process of adjudication. 

The first question is: how can courts distinguish between 
expert use of this way to ascertain causation and the function of 
the fact-finder in a court proceeding? The distinction can be elu-
sive, and not only because of the criticism that the corpuscular ap-
proach makes expert testimony inadmissible unless supported by a 
scientific study deemed sufficient on its own to establish causa-
tion.69 Consider, for example, a small but telling passage in the 
district court opinion in Milward. In the course of excluding one 
of the strands of support on which Dr. Smith relied, because it was 

 
 66. 3 DAVID L. FAIGMAN ET AL., Benzene, Legal Issues—Injury Similarity, in MODERN 

SCIENTIFIC EVIDENCE: THE LAW AND SCIENCE OF EXPERT TESTIMONY § 29:6 (2011–2012 
ed.). 
 67. Id. (“[M]ethodology [is] . . . a term reserved for the quality of a piece of re-
search.”). To the extent, however, that what distinguishes a methodology is the ability to 
determine objectively whether it has been followed, the treatise’s example indicates that 
the distinction may not always be so sharp. Selection of a control group involves the exer-
cise of judgment in choosing characteristics to match between cases and controls; the reli-
ability of the selection may often be a matter of degree. See MICHAEL D. GREEN ET AL., Ref-
erence Guide on Epidemiology, in REFERENCE MANUAL ON SCIENTIFIC EVIDENCE 549, 585 (3d 
ed. 2011) (“The fact that a study may suffer from selection bias does not necessarily inval-
idate its results.”); id. at 596 (“A good study design will consider potential confounders 
and obtain data about them if possible.”) (emphasis added). 
 68. FAIGMAN ET AL., supra note 66; see Trial and Error, supra note 38, at S69 (arguing 
that it is possible to distinguish between “true consilience” of related pieces of evidence 
and “a collection of unrelated and insignificant bits of information”); McGarity, supra 
note 20, at 23 (“The weight-of-the-evidence approach focuses upon the totality of the sci-
entific information and asks in a holistic way whether a cause-effect conclusion seems war-
ranted.”). 
 69. See McGarity, supra note 20, at 31–32. 
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only a hypothesis and not consensus scientific knowledge, the 
court observed: “Consensus is not the exclusive litmus test, of 
course, since the demise of the Frye rule. It is, however, a factor 
that scientists accept as relevant, among others, in deciding 
whether a causal relationship has been reliably established be-
tween an agent and an effect.”70 The court thus asserted that it 
considered the existence or absence of consensus vital, not be-
cause of a legal rule under which courts give that factor dispositive 
weight, but because of the import scientists assign that factor. If 
consensus is one factor that scientists accept as relevant to the 
gatekeeping reliability inquiry, what are the other factors, and how 
do they enter the analysis? These are the same questions asked of 
Dr. Smith to defend his weight of the evidence conclusions. Small 
wonder then that the appellate court concluded the district court 
“crossed the boundary between gatekeeper and trier of fact.”71 

An array of commentators has observed the conflation of 
sufficiency and admissibility in Daubert, Joiner, and decisions that 
apply or mimic them.72 For example, the Texas Supreme Court 
recently directed trial judges to apply a judicial version of the 
weight of the evidence test before deciding whether to exclude 
general causation testimony as unreliable, even if the individual 
studies on which the testimony would be based had already satis-
fied a stringent set of specific, judicially crafted reliability criteria.73 
The First Circuit in Milward, by contrast, strongly reasserted that 
the juridical line between admissibility and weight, though blurry, 

 
 70. Milward v. Acuity Specialty Prods. Grp., Inc., 664 F. Supp. 2d 137, 148 (D. Mass. 
2009), rev’d, 639 F.3d 11 (1st Cir. 2011), cert. denied sub nom. U.S. Steel Corp. v. Milward, 
132 S. Ct. 1002 (2012) (citations omitted).  
 71. Milward v. Acuity Specialty Prods. Grp., Inc., 639 F.3d 11, 22 (1st Cir. 2011), cert. 
denied sub nom. U.S. Steel Corp. v. Milward, 132 S. Ct. 1002 (2012). 
 72. E.g., RESTATEMENT (THIRD) OF TORTS: LIAB. FOR PHYSICAL & EMOTIONAL HARM 
§ 28 cmt. c(1) (2010) (listing cases supporting the contention that courts often refuse to 
admit expert testimony that would not be sufficient); Sanders, supra note 16, at 1033–34; 
Lucinda M. Finley, Guarding the Gate to the Courthouse, 49 DEPAUL L. REV. 335, 336–37 
(1999); Joseph Sanders, Scientific Validity, Admissibility, and Mass Torts After Daubert, 78 
MINN. L. REV. 1387, 1433 (1994). 
 73. Merck & Co. v. Garza, 347 S.W.3d 256, 266 (Tex. 2011) (“[A] plaintiff must first 
pass the primary reliability inquiry by meeting . . . threshold requirements of general cau-
sation. Then, courts must conduct the secondary reliability inquiry that examines the 
soundness of a study’s findings using the totality of the evidence test.”). 
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has never been abolished by the Supreme Court of the United 
States.74 

When a court is faced with testimony by an expert who 
weighed scientific evidence that may or may not adequately sup-
port an inference of causation, the First Circuit said the decision 
should be determined by a jury that considers the evidence and 
decides whether the opinion is more believable than the alterna-
tive, rather than by a judge who considers the evidence and de-
cides whether the opinion is reliable or not.75 Fair enough; but 
this sounds suspiciously like the position that the Eleventh Circuit 
and Justice Stevens, but not the other eight justices, accepted in 
Joiner: 

 
Opinions of any kind are derived from individual 
pieces of evidence, each of which by itself might not 
be conclusive, but when viewed in their entirety are 
the building blocks of a perfectly reasonable con-
clusion, one reliable enough to be submitted to a 
jury along with the tests and criticisms cross-
examination and contrary evidence would supply.76 
 
This brings us to the second question: when an expert 

claims that weight of the evidence is the way the expert reached a 
conclusion, how can courts distinguish between admissible and in-
admissible testimony? Implicit in this question is whether Milward 
can be reconciled with Joiner (whether or not one likes Joiner). 

It can be, but only by placing the emphasis in the right 
place. In Milward, the First Circuit, using the frame presented to 
it, held that a scientist’s invocation of weight of the evidence as 
support does not automatically render a causal opinion meaning-
less mush that could not possibly meet a standard of evidentiary 
reliability.77 In Joiner, the Supreme Court held that a scientist’s in-
vocation of weight of the evidence as support does not automati-

 
 74. See Milward, 639 F.3d at 22 (“There is an important difference between what is 
unreliable support and what a trier of fact may conclude is insufficient support for an ex-
pert’s conclusion.”). 
 75. Id. 
 76. General Elec. Co. v. Joiner, 522 U.S. 136, 153 n.5 (1997) (Stevens, J., concurring 
in part and dissenting in part) (quoting Joiner v. General Elec. Co., 78 F.3d 524, 532 
(11th Cir. 1996), rev’d sub nom. General Elec. Co. v. Joiner, 522 U.S. 136 (1997)). 
 77. Milward, 639 F.3d at 23. 
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cally render a causal opinion admissible if the inferential process 
is invalid.78 Joiner, despite its method of deconstructing the scien-
tific evidence on which the plaintiff’s expert tried to rely, did not 
categorically rule out the possibility that “interlocking” evidence79 
could collectively support a claim of causation; otherwise there 
would have been no point to Chief Justice Rehnquist’s statement 
that “it was within the District Court’s discretion to conclude that 
the studies . . . were not sufficient, whether individually or in com-
bination, to support their conclusions . . . .”80 Thus, once again, the 
issue is not whether the expert’s assessment of the weight of the 
evidence is a reliable scientific methodology, but whether the ex-
pert’s inferential process is of testimonial quality. It’s about fit—
the fit of the pieces of the puzzle, not only with the ultimate issue 
in the lawsuit, but with each other. 

Pity the poor district judge who, despite the wide latitude 
allowed by abuse of discretion review, must exclude a testimonial 
inference if the analytical gap is “simply too great”81 while also en-
suring that the gap is not “of the district court’s making.”82 How is 
a mere judge to decide whether the interlocking of the evidence 
is, in the philosopher’s term, “robust”?83 Standards that can be 
meaningfully articulated and accurately applied are needed, lest 
the courts engage in “I know it when I see it” judging that imposes 
policy preferences and value judgments in the guise of assessments 
of scientific quality.84 This is a real risk that should be taken seri-
ously, just as the Daubert trilogy took seriously the risk of poor fact-
finding by confused and overawed juries. 

 
 78. Joiner, 522 U.S. at 146. 
 79. Trial and Error, supra note 38, at S69–70. 
 80. Joiner, 522 U.S. at 146–47 (emphasis added). 
 81. Id. at 146. 
 82. Milward, 639 F.3d at 22 (quoting Kennedy v. Collagen Corp., 161 F.3d 1226, 1230 
(9th Cir. 1998)). 
 83. Trial and Error, supra note 38, at S69–70. 
 84. See e.g., Michael H. Gottesman, From Barefoot to Daubert to Joiner: Triple Play or 
Double Error?, 40 ARIZ. L. REV. 753, 761 (1998) (stating that reliability requirements affect 
how competing social interests are balanced); Thomas O. McGarity, Daubert and the Prop-
er Role for the Courts in Health, Safety, and Environmental Regulation, 95 AM. J. PUB. HEALTH 
S92, S94 (2005) (describing the disproportionate impact on plaintiffs of courts’ vigorous 
application of Daubert). See generally Steve C. Gold, The “Reshapement” of the False Negative 
Asymmetry in Toxic Tort Causation, 37 WM. MITCHELL L. REV. 1507, 1536–41 (2011) (argu-
ing that judicial rather than scientific norms explain many court decisions regarding ad-
missibility and sufficiency of toxic tort causation evidence). 
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At one extreme of clarity, a rule might exclude testimony 
that requires any inference from scientific data at all, other than 
inference from epidemiologic observation or experimental testing 
of the exact causal issue on which the testimony is given. This is 
not federal law, although some federal court rulings have seemed 
to apply a standard nearly this narrow,85 and the Texas Supreme 
Court did so explicitly.86 As described above, Milward rejected this 
rule and rightly so. At the other extreme, a rule might admit tes-
timony any time a qualified expert testifies that the inference is 
supported. It is debatable whether that was the law even before 
Daubert, and it certainly has not been the law since Joiner, again for 
good reason. 

So courts are stuck in a middle ground in which some in-
ferences from collections of supportive evidence will be acceptable 
and some will not. Providing good rules to separate the two—rules 
that will not offend epistemologists but will still provide workable 
guidance to judges—is not easy.87 Nevertheless, Milward points to-
ward some useful principles that can be applied to three aspects of 
the problem: the strength of the strands of evidence that the ex-
pert relies on, the connection of the strands to the issue in the 
case, and the assembly of the strands into a conclusion. 

 
A. The Strength of the Strands 

 
In Milward, the trial judge on multiple occasions evaluated 

conflicting scientific evidence bearing on Dr. Smith’s subsidiary 
conclusions and opined that the best scientific consensus was that 
the science was uncertain.88 To the district court, that assessment 

 
 85. See, e.g., Rider v. Sandoz Pharm. Corp., 295 F.3d 1194, 1199, 1203 (11th Cir. 
2002) (stating that epidemiologic evidence is “not required” but affirming district court’s 
exclusion of each of several other types of evidence that plaintiffs contended were collec-
tively sufficient to prove causation). 
 86. Merck & Co., Inc. v. Garza, 347 S.W.3d 256, 262–63 (Tex. 2011) (holding that to 
be reliable and thus admissible, an opinion that exposure is capable of causing disease 
must be supported by at least two epidemiologic studies showing a statistically significant 
relative risk greater than two in subjects substantially similar to plaintiff who were exposed 
to comparable or lower doses than plaintiff) (citing Merrell Dow Pharm., Inc. v. Havner, 
953 S.W.2d 706 (Tex. 1997)). 
 87. See Trial and Error, supra note 38, at S72 (“[M]ore than a decade after Daubert, 
we are still fumbling towards an answer.”). 
 88. Milward v. Acuity Specialty Prods. Grp., Inc., 664 F. Supp. 2d 137, 145–46 (D. 
Mass. 2009), rev’d, 639 F.3d 11 (1st Cir. 2011), cert. denied sub nom. U.S. Steel Corp. v. 
Milward, 132 S. Ct. 1002 (2012) (“The evidence indicates that the answer at this time re-
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compelled the holding that an expert opinion supporting one in-
terpretation of the conflicting evidence was inadmissible.89 To the 
First Circuit, because the record presented “questions that are 
currently the focus of extensive scientific research and debate—
and on which reasonable scientists can clearly disagree,” the dis-
trict court had overstepped its bounds in “taking sides” on the sci-
entific debate.90 

The court of appeals thus rejected the facile reasoning 
that, as a matter of law, a scientific “we don’t know” means any 
opinion either way is unreliable and inadmissible.91 In their peti-
tion for certiorari, the defendants complained (perhaps exagger-
ating a bit) that the First Circuit’s approach would “require the 
admission of almost any expert testimony on any open scientific 
issue.”92 But the converse criticism, that the district court’s ap-
proach would render inadmissible almost any testimony on any 
open scientific issue, is no less plausible. 

Why, then, did the First Circuit resist the latter result, and 
why was it correct to do so? There are several explanations. The 
simplest is the one the court offered explicitly: to place “undue 
weight” on scientific consensus would come too close to resurrect-
ing Frye general acceptance as the test for admissibility.93 But there 
seems to be something more fundamental at work in the appellate 
court’s insistence that “the fact that another explanation might be 
right is not a sufficient basis for excluding . . . testimony.”94 

One problem is that the district court’s approach would 
have created a serious risk of replacing one expert ipse dixit with 
another. A party opposing admission of expert testimony could 
prevail on its Daubert motion simply by producing a scientist who 
would credibly testify to genuine disagreement within the scien-
tific community. To respond effectively, the proponent of the tes-

 
mains, ‘We don’t know.’”). The court also acknowledged “a point in [Dr. Smith’s] favor” 
while noting that “some scientists” think another explanation may be correct. Id. at 146. 
The court concluded, therefore, that “answers remain elusive” even though Dr. Smith’s 
view “might be true.” Id. at 146, 148. 
 89. Id. at 146–49. 
 90. Milward v. Acuity Specialty Prods. Grp., Inc., 639 F.3d 11, 22 (1st Cir. 2011), cert. 
denied sub nom. U.S. Steel Corp. v. Milward, 132 S. Ct. 1002 (2012). 
 91. Id. at 15, 22. In practice, such reasoning would affect only the party that bears 
the burden of proving the disputed proposition. 
 92. Petition for Writ of Certiorari, supra note 2, at 17. 
 93. Milward, 639 F.3d at 22. 
 94. Id. 
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timony would need to have an expert testify that there was no dis-
agreement (an assertion the opposing expert had already disprov-
en) or that those who disagreed based their disagreement on un-
reasonable interpretations of the scientific evidence. Courts 
impose on the proponent a burden of persuasion that proffered 
expert testimony is admissible—that it is reliable and that it fits.95 
But in civil litigation, the burden of persuasion does not generally 
impose an obligation to prove that other views of the evidence are 
crazy. There is no reason to impose such an obligation simply be-
cause the dispute concerns admissibility of testimony rather than a 
substantive element, or because the subject of the proffered opin-
ion happens to be toxic causation. 

Even more fundamentally, to equate scientific debate with 
testimonial inadmissibility would undermine the purpose of 
courts, which is to decide disputes in the face of uncertainty. 
There is a difference between “[c]onjectures that are probably 
wrong”96 and reasonable (though disputable) interpretations of 
existing scientific data. Any lawsuit worth fighting will have con-
flicting evidence and experts on both sides. That the Daubert trilo-
gy has shrunk the domain of the fact-finder relative to the role of 
the gatekeeping judge is undeniable. But if the law is to preserve 
any distinction between the courts’ task of seeking “quick, final, 
and binding legal judgment[s]” and the scientists’ “exhaustive 
search for cosmic understanding,”97 a case like Milward is the 
place to do it. Courts give questions to the jury if reasonable peo-
ple could find for either side. Why should disagreement among 
scientists be the one sphere of human inquiry in which we do not 
let a fact-finder resolve the dispute as applied to a particular set of 
facts? 

In some cases, there may exist no realistic prospect that 
scientific research will ever put the causal relation at issue beyond 
reasonable dispute. Zuchowicz v. United States may be an example.98 
The plaintiff’s wife died of primary pulmonary hypertension, an 
exceedingly rare disease that she contracted after receiving a mas-
sive overdose of medication for endometriosis—a dose so high 
that “very, very few women . . . in any setting” had ever received 

 
 95. Id. at 15. 
 96. Daubert v. Merrell Dow Pharm., Inc., 509 U.S. 579, 597 (1993). 
 97. Id. 
 98. See Zuchowicz v. United States, 140 F.3d 381, 389 n.8 (2d Cir. 1998). 
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it.99 The effects of the drug at that dose had never been studied 
(and why would they have been?), but the plaintiff offered expert 
testimony on causation that was based on understanding of the 
general hormonal effects of the drug and “a variety of published 
and unpublished studies that indicated” the affected hormones 
could affect the body’s system of blood pressure regulation.100 The 
district court admitted the testimony, and the Second Circuit af-
firmed.101 

Courts do need a limiting principle, however, because for 
many—arguably all—scientific questions, the scientifically correct 
answer is “we don’t know.” That principle might be found in the 
difference between “we don’t know” and “we aren’t sure.” To put 
it more precisely, courts should distinguish between scientific as-
sertions that have no support—either because no relevant re-
search has been conducted or because the relevant research that 
does exist provides no support102—and those that have support in 
the relevant research, even if the research is inconclusive or con-
flicting.103 In Milward, the existence of a scientific debate based on 
peer-reviewed research, as described by the district court, solidly 
supported the Court of Appeals’s conclusion that testimony draw-
ing on (both sides of) that research should have been admitted.104 

 
 
 
 
 

 
 99. Id. at 385. 
 100. Id. at 385–86. 
 101. Id. at 387. 
 102. One might characterize this as: we don’t know, but we have no reason to think 
so. 
 103. To exhaust the logical possibilities, one might also consider a situation akin to 
the theory of evolution by natural selection (see supra text accompanying notes 46–53). 
There is so much supporting evidence that we are about as sure as skeptical scientific 
norms allow us to be. Even propositions that achieve such broad and deep acceptance 
sometimes are found to have been wrong, but an opinion based on such a proposition 
should be admissible—even though a contrary opinion might also be admissible if suffi-
ciently supported by evidence as described in the text. 
 104. This conclusion, of course, will not liberate trial judges from the obligation to 
assess the parties’ submissions on a Daubert motion. Admissibility decisions should not be 
mechanically driven by either a proponent’s expert’s assertion that there is a debate 
where the scientific research reflects none, or an opponent’s expert’s refusal to 
acknowledge a debate where the scientific research reflects one. 
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B. Connecting the Strands to the Issues 
 
Any conclusion on causation requires inference from indi-

rect evidence.105 Scientists cannot expose a human being to ben-
zene and then watch as the benzene is metabolized, the metabo-
lites reach particular leukocyte precursor cells, the metabolites 
disrupt DNA or enzyme molecules in one of those cells, and the 
affected cell begins to reproduce out of control. Even if they 
could, their subsequent conclusion that “benzene causes leuke-
mia” would still be an inference. (Was something else going on in 
that cell that really made the cell leukemic?) 

Judicial choices about the types of evidence from which 
experts are permitted to make causal inferences frequently deter-
mine the outcome of toxic tort cases. The subjects of scientific re-
search will rarely, if ever, match a plaintiff’s circumstance in all 
particulars. Joiner held, among other things, that a judge may ex-
clude opinions based on studies dissimilar to the plaintiff’s situa-
tion, absent any explanation from the expert of why inference 
from such studies would be valid.106 Milward reminded us that 
sometimes an expert can provide such an explanation—and that 
an opinion reasonably explained may not be excluded simply be-
cause the trial judge believes the opponent’s contrary explana-
tion.107 

In Milward, the reasonable explanation included the con-
vergence of several strands of contributing evidence. That such 
convergence can reinforce the probative value of individual 
strands is hardly a radical notion,108 and Dr. Carl Cranor’s testi-
 
 105. RESTATEMENT (THIRD) OF TORTS: LIAB. FOR PHYSICAL & EMOTIONAL HARM § 28 
cmt. g (2010). 
 106. General Elec. Co. v. Joiner, 522 U.S. 136, 144 (1997) (summarizing the district 
court’s description of plaintiff’s failure to address the differences between the animal 
studies and plaintiff’s situation); id. at 146 (holding that the district court did not abuse its 
discretion in relying on this “analytical gap” to exclude plaintiff’s expert’s testimony). 
 107. Milward v. Acuity Specialty Prods. Grp., Inc., 639 F.3d 11, 19–20 & nn.10–11 (1st 
Cir. 2011), cert. denied sub nom. U.S. Steel Corp. v. Milward, 132 S. Ct. 1002 (2012); see 
Kuhn v. Wyeth, Inc., 686 F.3d 618, 632 (8th Cir. 2012) (concluding that the district court 
abused its discretion in excluding an expert’s testimony because studies that the expert 
relied on were sufficient to support the expert’s opinion despite the limitations of each 
study). 
 108. See Austin Bradford Hill, The Environment and Disease: Association or Causation?, 58 
PROC. ROYAL SOC’Y MED. 295, 298 (1965) (listing coherence of causal hypothesis with 
known facts as a factor in supporting a causal inference). More generally, Bayesian ap-
proaches to legal evidence recognize that additional supporting facts increase the posteri-
or probability of the proposition at issue. See generally, e.g., Richard D. Friedman, A Dia-
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mony about the nature of scientific judgments on causation 
showed the court why convergence could matter.109 But Dr. 
Smith’s testimony about the biological significance of the converg-
ing evidence remained crucial, which brings us at last to “weight 
of the evidence” qua “weight of the evidence.” 
 

C. Weaving the Strands into a Conclusion 
 
Milward held, correctly, that a causation opinion may be 

admissible even if the opinion requires weaving together strands 
of indirect evidence, no one of which constitutes a direct scientific 
test of the causation hypothesis.110 This does not mean, of course, 
that the “incantation of the phrase ‘weight of the evidence’”111 will 
be an automatic ticket to admission, any more than the need to 
apply weight of the evidence reasoning should be grounds for au-
tomatic exclusion. 

We can dismiss as silly the argument that weight of the evi-
dence testimony, to be admissible, must quantify the weight given 
to each strand in the web.112 No algorithm dictates how the diverse 
results of scientific research should be weighed, even qualitatively, 
much less quantitatively.113 Numbers would provide only an illu-
sion of certainty and objectivity.114 But a gatekeeping court can 
look to more meaningful guideposts. 

 
grammatic Approach to Evidence, 66 B.U. L. REV. 571, 602–05 (1986) (describing generally 
the application of Bayes’ Theorem in consideration of probative value of multiple pieces 
of relevant evidence). 
 109. See Milward, 639 F.3d at 17–18 (discussing Dr. Cranor’s testimony). 
 110. Id. at 23. 
 111. Petition for Writ of Certiorari, supra note 2, at 17. 
 112. Some courts have nevertheless accepted this argument. E.g., Estate of George v. 
Vt. League of Cities & Towns, 993 A.2d 367, 379–80 (Vt. 2010). 
 113. Sanders, supra note 16, at 1043–44. 
 114. See generally Michael I. Meyerson & William Meyerson, Significant Statistics: The 
Unwitting Policy Making of Mathematically Ignorant Judges, 37 PEPP. L. REV. 771, 790 (2010) 
(“‘[F]ar better [is] an approximate answer to the right question, which is often vague, 
than an exact answer to the wrong question . . . .’”) (quoting John W. Tukey, The Future of 
Data Analysis, 33 ANNALS MATHEMATICAL STAT. 1, 13–14 (1962)); Nancy Langston, Toxic 
Inequities: Chemical Exposures and Indigenous Communities in Canada and the United States, 10 
NAT. RESOURCES J. 393, 406 (2010) (noting lack of faith in apparently precise quantitative 
risk assessments); Stephanie Tai, When Natural Science Meets the Dismal Science, 42 ARIZ. ST. 
L.J. 949, 1011 (2010) (questioning whether much economic analysis, despite appearance 
of quantitative certainty, would survive judicial scrutiny that applied norms of verification 
and inductive proof). 
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The plaintiffs in Milward volunteered a couple. “[I]f an ex-
pert purporting to apply the weight of the evidence method failed 
to review critical data or made an inference with which no reason-
able expert would agree, the First Circuit’s decision would permit 
exclusion of that testimony.”115 These are surely valid bases for ex-
clusion, but they are only part of the story. 

Suppose an expert did “review” all the “critical data,” and 
some of that data supported the expert’s conclusion but some did 
not. A court might well expect the expert to provide a rational ex-
planation of why the unsupportive data did not undermine fatally 
the expert’s conclusion. Perhaps the unhelpful study, despite peer 
review and publication, was methodologically flawed, failed to 
control some important factor, or was designed in a way that did 
not permit detection of a possibly subtle effect (for example, be-
cause of limited statistical power). Or perhaps its subjects differed 
sufficiently from the matter in litigation for the expert to explain 
the “analytical gap” that made the contrary study less persuasive. 
Or perhaps the study’s results, although they do not support the 
expert’s opinion, do not logically contradict the expert’s reason-
ing. Or perhaps such negative results have not been consistently 
observed, but coexist with other believable studies that found posi-
tive results. In the right case, it might be adequate to explain that 
there is so much supporting evidence that the existence of a small 
amount of contrary evidence should not dislodge the conclu-
sion.116 No doubt there are other possible explanations an expert 
might invoke in a particular case. 

This does not suggest that an expert must “explain away” 
all unsupportive data; that rule would quickly collapse back into a 
requirement of scientific certainty. A court could, however, rea-
sonably expect an expert to show that the data had been not just 
reviewed, but considered. Dr. Smith did this in Milward.117 Anoth-

 
 115. Respondents’ Brief in Opposition, supra note 3, at 31. 
 116. For example, imagine an epidemiologic study that, for some unknown reason of 
bias, confounding, or sampling error, did not find a statistically significant increased risk 
of lung cancer among smokers. See generally Marvin S. Legator & Debra L. Morris, What 
Did Sir Bradford Hill Really Say, 58 ARCHIVES ENVTL. HEALTH 718, 718 (2003) (“[N]egative 
studies exist for substances that are well-established human carcinogens.”). 
 117. Dr. Smith provided reasons why the lack of supporting epidemiologic data did 
not undermine his causation conclusion, which was based on mechanistic evidence. See 
Declaration of Martyn T. Smith, Ph.D. at paras. 22, 24, 26 Milward v. Acuity Specialty 
Prods. Grp., Inc., 664 F. Supp. 2d 137, 148 (D. Mass. 2009), rev’d, 639 F.3d 11 (1st Cir. 
2011), cert. denied sub nom. U.S. Steel Corp. v. Milward, 132 S. Ct. 1002 (2012) (No. 
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er expert did the same in opining that hormone replacement 
therapy caused a particular plaintiff’s breast cancer, and was also 
allowed to testify.118 If a reasonable explanation is tendered, the 
gatekeeper judge should not be in the business of choosing be-
tween that reasonable explanation and the opponent’s reasonable 
explanation of why the negative evidence is more persuasive.119 

The failure to give any justification for the dismissal of con-
flicting evidence provides a credible explanation for the failure of 
claims against the manufacturers of Bendectin, breast implants, 
and Agent Orange—all cases in which epidemiology did not sup-
port the plaintiffs’ position. It is not that epidemiology is the “only 
useful” or “best” or “necessary” evidence of causation.120 It’s that 
the plaintiffs’ experts could not explain—in the face of exposure 
widespread enough to allow for multiple large epidemiologic stud-
ies that ought to have been able to detect an association but did 
not do so—how an expert exercising reasonable scientific judg-
ment could conclude that the available in vitro and animal studies 
outweighed the epidemiologic data.121 

 
07CV11944). These reasons differed from Dr. Smith’s attempted reanalysis of some of the 
epidemiologic data. See, e.g., Supplemental Declaration in Response to Reports of Defense 
Experts Bennett, Garabrant and Pyatt of Martyn T. Smith, Ph.D. at paras. 12, 24, 26 
Milward, 664 F. Supp. 2d 137 (No. 07CV11944) (interpreting an epidemiologic study’s 
data as supportive) [hereinafter Smith Supp. Declaration]. 
 118. Baldonado v. Wyeth, No. 04 C 4312, 2012 WL 1965408, at *12 (N.D. Ill. May 31, 
2012) (plaintiff’s specific causation expert discussed many reasons why negative epidemio-
logic findings of Women’s Health Initiative Study did not preclude her opinion). 
 119. See id. at *11 (stating that existence of conflicting studies goes to weight, not ad-
missibility, of testimony); see also Kuhn v. Wyeth, Inc., 686 F.3d 618, 627 (8th Cir. 2012) 
(concluding that district court abused its discretion in rejecting expert’s criticisms of epi-
demiologic study that failed to find increased risk of breast cancer from short-term use of 
hormone therapy); Dixon v. Ford Motor Co., 206 Md. App. 180, 198 (Md. Ct. Spec. App. 
2012) (noting that plaintiff’s expert rightly explained deficiencies in epidemiologic stud-
ies with negative findings, although holding expert’s testimony should have been exclud-
ed for other reasons). 
 120. In re Agent Orange Prod. Liab. Litig., 611 F. Supp. 1223, 1231 (E.D.N.Y. 1985) 
(“[Epidemiological studies] are the only useful studies having any bearing on causa-
tion.”); Norris v. Baxter Healthcare Corp., 397 F.3d 878, 882 (10th Cir. 2005) 
(“[E]pidemiology is the best evidence of general causation in a toxic tort case.”); Blum v. 
Merrell Dow Pharm., Inc., 705 A.2d 1314, 1323 (Pa. Super. Ct. 1997) (“Replicated epide-
miological studies consistently finding a strong association are necessary to establish cau-
sation . . . .”). But cf. Brock v. Merrell Dow Pharm., Inc., 874 F.2d 307, 313 (5th Cir. 1989) 
(“We find, in this case, the lack of conclusive epidemiological proof to be fatal to [plain-
tiff’s] case. While we do not hold that epidemiologic proof is a necessary element in all 
toxic tort cases, it is certainly a very important element.”). 
 121. See RESTATEMENT (THIRD) OF TORTS: LIAB. FOR PHYSICAL & EMOTIONAL HARM § 
28 cmt. c (2010) (discussing treatment of epidemiology in such cases). 
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The plaintiffs in Milward did not face a comparable situa-
tion. Although they could not produce statistically significant epi-
demiologic results associating benzene exposure with an increased 
risk of APL specifically, their expert could explain how the rarity 
of the disease made epidemiologic study difficult, and that the 
“small set” of epidemiologic data “was consistent with causality, 
and provided no grounds for concluding otherwise.”122 

III.  MOLECULES AND POPULATIONS 

In Milward, the First Circuit analyzed the admissibility of 
weight of the evidence testimony in a way that was permissible un-
der, but eschewed by, the Supreme Court’s majority opinion in 
Joiner. The decisions’ diametrically opposed outcomes reflect 
more than different preferences of the deciding jurists. Milward 
and Joiner differ in another significant way—one that has implica-
tions for the future of toxic tort litigation and suggests that 
Milward may become an important reference point for other 
courts. 

In Joiner, the plaintiffs relied on animal testing and epide-
miologic studies to support their claim that the weight of the evi-
dence showed that PCBs can promote lung cancer.123 The Court 
affirmed, as within the district court’s discretion, the rejection of 
this evidence as support for expert opinion.124 The animal studies, 
the Court held, could justifiably be rejected because those “studies 
were so dissimilar to the facts presented” in the case.125 The cited 
dissimilarities (e.g., species, dose, manner of exposure) are impos-
sible or difficult to avoid in animal tests.126  

Mr. Joiner’s epidemiologic evidence, which involved occu-
pationally exposed human beings who developed lung cancer, 
 
 122. Milward v. Acuity Specialty Prods. Grp., Inc., 639 F.3d 11, 20 (1st Cir. 2011), cert. 
denied sub nom. U.S. Steel Corp. v. Milward, 132 S. Ct. 1002 (2012). 
 123. General Elec. Co. v. Joiner, 522 U.S. 136, 143–44 (1997). 
 124. Id. at 146−47. 
 125. Id. at 144. 
 126. See id. at 144–45 (criticizing plaintiff’s experts’ reliance on animal studies); see 
also DAVID L. FAIGMAN ET AL., Toxicology, Legal Issues—Animal Studies, in MODERN 

SCIENTIFIC EVIDENCE: THE LAW AND SCIENCE OF EXPERT TESTIMONY, supra note 66, § 22:5 

(“Questions arise concerning [the usefulness of animal studies] in answering causal ques-
tions about humans because the results must be extrapolated both across species and 
across dose rates.”); Bernard D. Goldstein & Mary Sue Henifin, Reference Guide on Toxicolo-
gy, in REFERENCE MANUAL ON SCIENTIFIC EVIDENCE 401, 410–11 (Fed. Judicial Ctr. Ed., 2d 
ed. 2000) (describing issues in extrapolation from animal research to humans). 
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seemed much more promising, particularly in light of the central 
role courts accorded epidemiology in the Bendectin cases both 
before and after Daubert.127 But the Court approved rejection of 
each epidemiologic study as well.128 This rejection, too, was based 
at least partly on conventional methodological problems that are 
hard to avoid, such as the existence of potential confounders, and 
of differences between the plaintiff and the people in the study 
samples.129 

In Milward, by contrast, animal testing played no role at all, 
and epidemiology played only a subsidiary role from the outset.130 
Even before the plaintiffs retreated from Dr. Smith’s admittedly 
flawed attempt to reanalyze some of the epidemiologic data, their 
position was simply that the limited epidemiologic study of APL 
provided some additional support, or at least did not contradict, 
Dr. Smith’s causation opinion.131 The crucial scientific research on 
which Dr. Smith relied was mechanistic, based on studies of stem 
cells, chromosomal abnormalities, failures of DNA repair enzymes, 
and the like.132 

The contrasting proof shows how much has changed in the 
scientific study of environmental toxins since the Supreme Court’s 
trilogy of expert testimony decisions. The vast majority of the 
mechanistic research cited in Milward by the experts on both sides 
was published in the twenty-first century.133 Some of it could not 
have been conducted when Joiner was decided in 1997. Milward is 
thus part of a vanguard of cases that will increasingly bring molec-

 
 127. See Joiner, 522 U.S. at 143–46 (noting that in the trial court, the plaintiff re-
sponded to criticism that his expert’s opinions were based on isolated studies of animals 
by directing the court to “four epidemiological studies on which his experts had relied”). 
 128. See id. at 145–46. 
 129. See GREEN ET AL., supra note 67, at 583–95 (describing methodological difficul-
ties in epidemiology). For a persuasive critique of the reasons the Joiner Court used to 
dismiss each of the epidemiologic studies, see McGarity, supra note 20, at 20–21. 
 130. Milward v. Acuity Specialty Prods. Grp., Inc., 639 F.3d 11, 23–24 (1st Cir. 2011), 
cert. denied sub nom. U.S. Steel Corp. v. Milward, 132 S. Ct. 1002 (2012). 
 131. See Declaration of Martyn T. Smith, Ph.D., supra note 117, at paras. 25–26 (“The 
notion that benzene cannot cause APL is . . . refuted by the limited epidemiologic litera-
ture.”); Opening Brief of Plaintiffs-Appellants, supra note 22, at 26 (conceding that Dr. 
Smith had made “embarrassing” errors in parts of his reanalysis of the epidemiologic da-
ta). 
 132. See Milward, 639 F.3d at 20–22. 
 133. See generally Milward v. Acuity Specialty Prods. Grp., Inc., 664 F. Supp. 2d 137, 
146–47 (D. Mass. 2009), rev’d, 639 F.3d 11 (1st Cir. 2011), cert. denied sub nom. U.S. Steel 
Corp. v. Milward, 132 S. Ct. 1002 (2012). 
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ular evidence—from the study of genomics, toxicogenomics, epi-
genetics, molecular epidemiology, and related fields—to bear on 
the causation issue. The development of these sciences will likely 
confront courts with new assemblages of weight of the evidence to 
consider. 

The district judge in Milward described the evidentiary re-
lation between epidemiologic data and mechanistic evidence this 
way: 

 
To answer the question whether a suspected or 
known toxic agent is the cause of a particular dis-
ease, scientific researchers look to evidence from 
epidemiological studies. The plaintiffs may be cor-
rect that epidemiological evidence is not always es-
sential to a scientific conclusion that a cause and ef-
fect relationship exists, but the defendants are also 
correct that sound epidemiological studies are or-
dinarily needed to confirm, by consistent observa-
tion, an hypothesis of causation.134 
 
This passage inadvertently highlighted the ambiguous role 

of epidemiology in court. It is true, on the one hand, that in cases 
where statistically significant epidemiologic data were lacking, a 
good number of courts have accepted the notion that such data 
are a sine qua non for proof of causation or for an admissible ex-
pert opinion in support of causation.135 These courts have rea-
soned that if one does not observe higher rates of disease associat-
ed with exposure, there is no basis for believing that exposure 
causes disease in real people at all, regardless of what is learned 
from molecular, animal, or petri dish models.136 

The conception of epidemiology as a tool needed to “con-
firm” hypotheses of causation which originate in mechanistic stud-
ies, however, is a disorienting inversion of the historically more 
common state of affairs. Many of the most significant health prob-
lems related to environmental exposures were detected initially by 
 
 134. Id. at 148. 
 135. RESTATEMENT (THIRD) OF TORTS: LIAB. FOR PHYSICAL & EMOTIONAL HARM § 28 
cmt. c Reporters’ Note (2010) (listing cases). 
 136. See, e.g., Allen v. Pa. Eng’g Corp., 102 F.3d 194, 197–98 (5th Cir. 1996) (rejecting 
inference from animal and cellular studies and affirming exclusion of plaintiff’s expert 
testimony where epidemiologic studies did not show increase in risk). 
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case observations and epidemiology, not by animal or in vitro test-
ing.137 In such cases, defendants have urged courts to focus on the 
fact that even if epidemiology detects a statistical association, asso-
ciation does not prove causation.138 Other data must “confirm” 
the causal nature of the association.139 For example, the cigarette 
industry argued for decades that the strong epidemiologic associa-
tion of smoking and lung cancer did not prove that tobacco smoke 
exposure caused the disease, because no one knew how cells actu-
ally became cancerous.140 

Some of the earliest work that statistically linked tobacco 
smoking to lung cancer was published by Sir Austin Bradford Hill 
and his colleague, Richard Doll.141 Among toxic tort aficionados, 

 
 137. Vernon M. Houk, Assessing Environmental Risk—Scientifically Defensible or Fantasy?, 
in ENVIRONMENTAL EPIDEMIOLOGY: EFFECTS OF ENVIRONMENTAL CHEMICALS ON HUMAN 

HEALTH 1, 6 (William M. Draper ed., 1994) (describing case and epidemiologic observa-
tions of lead toxicity); WENDY E. PARMET, POPULATIONS, PUBLIC HEALTH, AND THE LAW 17 
(describing reemergence of probabilistic and population focus of epidemiology in middle 
of twentieth century as researchers focused on chronic diseases, particularly because of 
study of cigarette smoke carcinogenicity); Jack Siemiatycki, Risk Factors for Cancer in the 
Occupational Environment and Relevant Epidemiologic Study Methods, in INTRODUCTION TO 

ENVIRONMENTAL EPIDEMIOLOGY 99, 99–101 (Evelyn O. Talbott & Gunther F. Craun eds., 
1995) (describing history of observations of cancer related to certain occupations and in-
strumental role played by epidemiology in demonstrating carcinogenicity). 
 138. See Neal D. Traven et al., Association and Causation in Environmental Epidemiology, 
in INTRODUCTION TO ENVIRONMENTAL EPIDEMIOLOGY 39, 39 (Evelyn O. Talbott & Gun-
ther F. Craun eds., 1995) (noting that “several thinkers have proposed general criteria for 
drawing causal inferences” from associations found in epidemiologic studies). 
 139. See Hill, supra note 108, at 295. 
 140. See, e.g., Green v. Am. Tobacco Co., 391 F.2d 97, 103 (5th Cir. 1968) (explaining 
that defendant introduced testimony that cause of cancer was unknown), overruled on reh’g 
en banc, 409 F.2d 1166 (5th Cir. 1969); Robert L. Rabin, A Sociolegal History of the Tobacco 
Tort Litigation, 44 STAN. L. REV. 853, 858 (1991–1992) (“From the outset, the [tobacco] 
industry hotly contested the causal linkage between smoking and lung cancer.”); see also 
McTear v. Imperial Tobacco Ltd., [2005] CSOH 69 [¶ 2.7]; (2005) S.C. 1, ¶ 2.7 (Scot.) 
(“[Defendants] aver that . . . [c]igarette smoking has not been scientifically established as 
a cause of lung cancer and, . . . the cause or causes of lung cancer are unknown and the 
mechanism or mechanisms whereby lung cancer develops are unknown.”); id. ¶ 5.694–
5.695; id. ¶ 6.149–6.170; id. ¶ 9.9 (stating that the burden of proof on causation was not 
satisfied); id. ¶ 9.10 (finding that epidemiologic data failed to prove individual causation). 
But cf. McAllister v. Workmen’s Comp. App. Bd., 445 P.2d 313, 314–19 (Cal. 1968) (hold-
ing that failure to prove “the manner in which smoke inhalation may cause lung cancer” 
did not defeat firefighter’s widow’s claim for benefits). 
 141. Richard Doll & A. Bradford Hill, Smoking and Carcinoma of the Lung: Preliminary 
Report, BRIT. MED. J., Sept. 30, 1950, at 4682; Richard Doll & A. Bradford Hill, The Mortality 
of Doctors in Relation to Their Smoking Habits: A Preliminary Report, BRIT. MED. J., June 26, 
1954, at 4877; Richard Doll & A. Bradford Hill, Lung Cancer and Other Causes of Death in 
Relation to Smoking: A Second Report on the Mortality of British Doctors, BRIT. MED. J., Nov. 10, 
1956, at 1071 [hereinafter Second Report]. 
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Hill is most famous for his 1965 speech in which he asked, “What 
aspects of [an observed] association [between an environmental 
condition and a disease] should we especially consider before de-
ciding that the most likely interpretation of it is causation?”142 The 
commonsense Hill “aspects”—or considerations or factors or 
guidelines or criteria or postulates, as they became variously la-
beled—have been widely accepted by epidemiologists and have 
figured prominently in many toxic tort causation disputes and 
many judicial opinions.143 The commentary in the Restatement 
(Third) of Torts discussed them at length and observed: 

 
Whether an inference of causation based on an as-
sociation is appropriate is a matter of informed 
judgment, not scientific methodology, as is a judg-
ment 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.144 
 
Although the absence of an algorithm is reminiscent of the 

Milward defendants’ complaint that opining on causation based 
on the weight of the evidence is inherently subjective and there-
fore unscientific, no one suggests that Hill’s influential paper 
promoted unscientific or unreliable techniques. In Milward, both 
the plaintiffs and the defendants told the district and circuit courts 
that Hill’s paper provided the appropriate considerations for as-
sessing general causation, although the parties disagreed mightily 
about whether Dr. Smith appropriately considered them.145 
 
 142. Hill, supra note 108, at 295. 
 143. See Traven et al., supra note 138, at 44 (“The Bradford Hill postulates are ex-
pressed in broad and nonspecific terms, so as to be generalizable to a wide variety of re-
search questions.”). 
 144. RESTATEMENT (THIRD) OF TORTS: LIAB. FOR PHYSICAL & EMOTIONAL HARM § 28 
cmt. c(1) (2010). 
 145. Opening Brief of Plaintiffs-Appellants, supra note 22, at 10 (“In evaluating the 
‘weight of the evidence’ relating to causation, scientists often look to the nine considera-
tions outlined by Sir Austin Bradford Hill . . . .”); Brief for Defendants-Appellees, supra 
note 33, at 18 (“Scientists attempting to ascertain a potential cause of a disease commonly 
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In the Supreme Court certiorari proceedings, however, 
amici supporting the defendants contended that it was illegitimate 
to consider Hill’s aspects in the absence of a statistically significant 
epidemiologic association.146 Some courts have so held.147 The Re-
statement (Third) seemed to adopt this position, although the view 
is in obvious tension with the Restatement’s immediately following 
and firm rejection of an epidemiologic “threshold” for causation 
evidence.148 For, if the absence of epidemiologic evidence fore-
closes reliance on such Hill factors as biological plausibility, co-
herence with other knowledge, and analogy, it is hard to see what 
other evidence would remain available in lieu of epidemiology.149 

The kerfuffle over this question is apt to recur. It arose in 
Milward because for the causal relation at issue, even the unsettled 
mechanistic understanding was ahead of epidemiologic study. 
Given the pace of advances in the study of toxic mechanics and 
the inherent difficulty and costs of designing and conducting 
methodologically valid and statistically powerful epidemiologic 
studies, this circumstance, now relatively exceptional, may occur 
more often. 

 
apply what are known as the ‘Bradford Hill’ factors to the reported association between 
exposure to an agent and the effect . . . .”). Note that acknowledging the Hill factors as 
“scientific” contradicts the claim that reliable science and application of professional 
judgment are incompatible. 
 146. Brief of Amicus Curiae, Product Liability Advisory Council, Inc., in Support of 
Petitioners’ Petition for Writ of Certiorari at 16–17, U.S. Steel Corp. v. Milward, 132 S. Ct. 
1002 (2012), cert. denied (No. 11-316), 2011 WL 4912892 at *16–17; Brief of Dri—The 
Voice of the Defense Bar as Amicus Curiae Supporting Petitioners at 8–9, Milward, 132 S. 
Ct. 1002 (No. 11-316), 2011 WL 4912893 at *8–9; see Reply Brief for Petitioners at 9 n.4, 
Milward, 132 S. Ct. 1002 (No. 11-316), 2011 WL 5999524 at *9 n.4. 
 147. See, e.g., Soldo v. Sandoz Pharm. Corp., 244 F. Supp. 2d 434, 569 (W.D. Pa. 2003) 
(holding application of Hill criteria unwarranted where no peer reviewed studies showed 
statistically significant association between exposure and disease); Dunn v. Sandoz Pharm. 
Corp., 275 F. Supp. 2d 672, 678–79 (M.D.N.C. 2003) (requiring an epidemiologic study as 
a starting point for application of the Bradford Hill criteria). 
 148. RESTATEMENT (THIRD) OF TORTS: LIAB. FOR PHYSICAL & EMOTIONAL HARM § 28 
cmt. c(1) (2010). 
 149. A more sophisticated reading of the Restatement can harmonize these positions. 
A number of the Hill “aspects” are characteristics of a statistical association itself, e.g., its 
strength, consistency, and specificity. It makes little sense to speak of these as factors if 
there is no statistical association to evaluate (leaving aside the disputed question of 
whether an association that is not statistically significant may nevertheless provide some 
support for a causal inference). But when the Restatement says that use of the Hill factors 
“to provide the sole basis for proof of general causation does not reflect accepted epidemio-
logic methodology,” it leaves open the possibility that some of the Hill factors may be rele-
vant to a causal inference derived using other sciences. Id. (emphasis added). 
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So Hill’s address to the “newly-founded Section of Occupa-
tional Medicine” is worth another look.150 Undeniably, Hill framed 
his entire discussion with this introductory postulate: “Our obser-
vations reveal an association between two variables, perfectly clear-
cut and beyond what we would care to attribute to the play of 
chance.”151 It was a sensible frame, in light of the challenges Hill 
faced in response to his discovery of strong associations with 
enormous potential social and economic consequences.152 

But Hill revealed another reason that frame made sense to 
him. He was concerned with improving public health. His presen-
tation attempted to describe the circumstances that would justify 
abandonment of the truism that “correlation is not causation” so 
corrective action could be taken to eliminate an environmental 
cause of illness and death.153 In his words: 

 
The ‘cause’ of illness may be immediate and direct, 
it may be remote and indirect underlying the ob-
served association. But with the aims of occupation-
al, and almost synonymously preventive, medicine 
in mind the decisive question is whether the fre-
quency of the undesirable event B will be influ-
enced by a change in the environmental feature A. 
How such a change exerts that influence may call 
for a great deal of research. However, before deduc-
ing ‘causation’ and taking action we shall not invar-
iably have to sit around awaiting the results of that 
research.154 
 

 
 150. Hill, supra note 108, at 295. 
 151. Id. 
 152. E.g., Second Report, supra note 141, at 1077 (responding to arguments that smok-
ing did not cause cancer but only increased the chance that cancer, which would have de-
veloped somewhere in the body even without smoking, would appear in the lungs); see 
Graham G. Giles & Peter Boyle, Smoking and Lung Cancer, in TOBACCO: SCIENCE, POLICY 

AND PUBLIC HEALTH 485, 485 (Peter Boyle et al. eds., 2004) (“The establishment of the 
causal link between smoking and lung cancer was an epidemiological triumph won 
against considerable resistance marshaled by the tobacco industry.”); Traven et al., supra 
note 138, at 40–41 (explaining that Hill criteria emerged from controversy over causal 
relationship between smoking and lung cancer and tobacco industry supporters’ criti-
cisms of epidemiologic studies). 
 153. Hill, supra note 108, at 300 (“In occupational medicine our object is usually to 
take action.”). 
 154. Id. at 295. 
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For Hill, it was simply a given that mechanistic explanation 
would lag behind epidemiologic observation.155 He was speaking 
in 1965, just twelve years after Watson and Crick published the 
structure of DNA.156 He could hardly have imagined that scientists 
might come to believe that benzene exposure causes a form of 
leukemia based on the effects of benzene metabolites on DNA re-
pair enzymes, even though the rarity of the disease effectively pre-
cludes statistically significant epidemiologic results.157 Nor could 
Hill have conceived that certain combustion products in tobacco 
smoke might be observed to bind to DNA and be subject to enzy-
matic activation in breast tissue—even though epidemiologic stud-
ies that could not control for variations in a carcinogen-
neutralizing gene had failed to find an association between smok-
ing and breast cancer.158 But Hill’s formulation suggests strongly 
that if the “how” were understood, that too could justify “deducing 
‘causation’ and taking action.”159 

 
 155. See ALLAN M. BRANDT, THE CIGARETTE CENTURY: THE RISE, FALL, AND DEADLY 

PERSISTENCE OF THE PRODUCT THAT DEFINED AMERICA 140–41 (2007) (“[Doll and Hill] 
sought to identify a scientific approach that could be used to investigate disease in situ, 
especially in instances where laboratory experimentation and clinical observation were so signif-
icantly limited in determining causality and outcome.”) (emphasis added); Legator & Mor-
ris, supra note 116, at 719 (noting Hill’s discussion of the fact that the classic epidemiolog-
ic discovery linking cholera to contaminated drinking water occurred thirty years before 
microbiologists isolated the cholera bacterium). 
 156. J.D. Watson & F.H.C. Crick, Molecular Structure of Nucleic Acids: A Structure for 
Deoxyribose Nucleic Acid, 171 NATURE 737 (1953), reprinted in 138 ANNALS INTERNAL MED. 
581 (2003). 
 157. See Declaration of Martyn T. Smith, Ph.D., supra note 117 at paras. 24, 29, 33, 34 
(explaining both the difficulty of epidemiologic study and the understanding of metabo-
lites’ effect on DNA repair enzyme). 
 158. See Christine B. Ambrosone et al., Cigarette Smoking, N-Acetyltransferase 2 Geno-
types, and Breast Cancer Risk: Pooled Analysis and Meta-analysis, 17 CANCER EPIDEMIOLOGY 

BIOMARKERS & PREVENTION 15, 21, 25 (2008) (“[C]igarette smoking is associated with an 
increase in breast cancer risk among women with NAT2 slow acetylator genotypes.”); Da-
vid H. Phillips & Seymour Garte, Smoking and Breast Cancer: Is There Really a Link?, 17 

CANCER EPIDEMIOLOGY BIOMARKERS & PREVENTION 1, 1 (2008) (describing lack of epi-
demiologic associations despite evidence from studies of rodents and of human breast 
tissue); Rick Weiss, What’s Your Cancer Profile? Scientists Focus on an Overlooked Class of Genes 
that May Determine Your Odds, WASH. POST, Sept. 19, 1995, at 12 (describing how genetic 
variability frustrated epidemiologic study). 
 159. Hill, supra note 108, at 295; Legator & Morris, supra note 116, at 718 (“Hill clear-
ly calls for flexibility and refused the idea of an ‘all or nothing’ approach to causation.”). 
See generally R.K. Chetty et al., A Systematic Approach to Preclinical and Clinical Safety Bi-
omarker Qualification Incorporating Bradford Hill’s Principles of Causality Association, 88 
CLINICAL PHARMACOLOGY & THERAPEUTICS 260, 261 (2010) (“[Hill’s] criteria can be used 
in many situations to establish causal relationships.”). 
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In years to come, courts will likely see both plaintiffs and 
defendants invoke a widely variable mix of scientific research on 
questions of both general and specific causation. Sometimes epi-
demiologic research will be ahead of mechanistic research, and 
vice versa. Both Milward and the thrust of Hill’s speech suggest 
that the factors properly considered in assessing causal inferences 
will depend on the scientific evidence at hand. To avoid errors, 
courts will have to be uncommonly nimble and flexible in as-
sessing the admissibility of such evidence. A brief survey of a few 
examples follows. 

Technology will increasingly allow detection of molecular 
interactions that previously could only be inferred. Courts may 
come to expect, in the words of the Milward trial judge, “direct ob-
servational evidence” of these interactions;160 they may be tempted 
to exclude opinions that are based on circumstantial evidence of 
such interactions.161 But an expert witness might be able to rea-
sonably explain why direct observation is lacking or why the cir-
cumstantial inference is powerful despite that lack. 

Similarly, researchers are racing to find cytological or mo-
lecular “biomarkers” that reveal traces of a person’s exposure to a 
toxic substance or of the substance’s biological activity.162 A bi-
omarker might be proposed or described, however, before its in-
ternal and external validity have been fully delineated.163 Thus, it 
may simultaneously be inappropriate to treat biomarker evidence 
as dispositive in either direction, but appropriate to consider the 
biomarker in a weight of the evidence analysis, giving due consid-
eration to the marker’s strengths and weaknesses and its coher-
ence with other evidence. An expert testifying that the presence of 
a marker supports an inference of causation—or that the absence 
 
 160. Milward v. Acuity Specialty Prods. Grp., Inc., 664 F. Supp. 2d 137, 147 (D. Mass. 
2009), rev’d, 639 F.3d 11 (1st Cir. 2011), cert. denied sub nom. U.S. Steel Corp. v. Milward, 
132 S. Ct. 1002 (2012). 
 161. See Steve C. Gold, The More We Know, the Less Intelligent We Are?—How Genomic 
Information Should, and Should Not, Change Toxic Tort Causation Doctrine, 34 HARV. ENVTL. L. 
REV. 369, 402 (2010). 
 162. See Jamie A. Grodsky, Genomics and Toxic Torts: Dismantling the Risk-Injury Divide, 
59 STAN. L. REV. 1671, 1687–89 & n.68–69 (2007) (describing biomarkers of exposure and 
effect). 
 163. See, e.g., Chetty et al., supra note 159, at 260–61 (noting that qualification of a 
biomarker starts with defining how the marker will be used, after which appropriate crite-
ria must be applied); Paul A. Schulte & Frederica P. Perera, Validation, in MOLECULAR 

EPIDEMIOLOGY: PRINCIPLES AND PRACTICES 79, 79 (Paul A. Schulte & Frederica P. Perera 
eds., 1993) (describing characteristics assessed in validating biomarkers). 
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of a marker defeats an inference of causation—could be expected 
to explain, e.g., “why does the fact that this chemical has (not) 
been observed to form adducts with DNA support the inference 
that this chemical is (not) a carcinogen?” 

Researchers are also in pursuit of biomarkers of susceptibil-
ity to toxins.164 The likelihood that or the degree to which an envi-
ronmental exposure will produce toxic effects often varies signifi-
cantly from person to person.165 Elucidation of variable 
susceptibility may make proof of general causation easier in some 
cases. Discovery of genetic variants that make some individuals 
more or less susceptible to a toxin may, for example, reduce the 
evidentiary significance of negative epidemiologic results.166 But 
the same discovery may complicate proof of specific causation if 
courts insist on proof of a plaintiff’s individual genetic susceptibil-
ity.167 

Here, too, Milward can be instructive, by helping courts 
appreciate that even as scientists increasingly understand variable 
toxic susceptibility, perfect matches between legal questions and 
scientifically tested hypotheses are unlikely. The influences that 
differentiate the susceptibility of different individuals to a particu-
lar toxic effect are far more complex than variations in a single 

 
 164. See Grodsky, supra note 162, at 1688–89 n.66 (describing biomarkers of suscepti-
bility). 
 165. See, e.g., Thomas Brüning et al., Influence of Polymorphisms of GSTM1 and GSTT1 
for Risk of Renal Cell Cancer in Workers with Long-Term High Occupational Exposure to 
Trichloroethene, 71 ARCHIVES TOXICOLOGY 596, 597 (1997) (reporting genetic variation 
affecting risk of kidney cancer from exposure to trichloroethene); Ann K. Daly, 
Pharmacogenetics and Human Genetic Polymorphisms, 429 BIOCHEMICAL J. 435, 436 (2010) 
(describing history of understanding that therapeutic and adverse effects of drugs varied 
among recipients); Evgeny N. Imyanitov et al., Searching for Cancer-Associated Gene Polymor-
phisms: Promises and Obstacles, 204 CANCER LETTERS 3, 8–9 (2004) (describing genetic vari-
ation that increases risk of bladder cancer among persons exposed to arylamines); Gary E. 
Marchant, Genetic Susceptibilities: The Future Driver of Ambient Air Quality Standards?, 43 
ARIZ. ST. L.J. 791, 795 (2011) (“[G]ene variants have now been mapped that affect suscep-
tibility to most major environmental pollutants . . . .”); Paul A. Schulte et al., Interaction of 
Occupational and Personal Risk Factors in Workforce Health and Safety, 102 AM. J. PUB. HEALTH 
434 passim (2012) (describing complexity of modification of toxic effects); Pei-Ei Wu & 
Chen-Yang Shen, ‘Hide-then-Hit’ to Explain the Importance of Genotypic Polymorphism of DNA 
Repair Genes in Determining Susceptibility to Cancer, 3 J. MOLECULAR CELL BIOLOGY 59, 59 
(2011) (proposing mechanism to explain variable susceptibility). 
 166. The link between smoking and breast cancer is an example. See supra note 158 
and accompanying text. 
 167. I have argued elsewhere that such insistence would, in many circumstances, be a 
mistake. Gold, supra note 161, at 407–12. 
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gene. They include variations in multiple interacting genes,168 di-
versity in epigenetic factors,169 and differences in exposures to 
other environmental factors that may interact with the exposure at 
issue.170 All of these may influence a given toxin-disease link.171 At 
the litigating moment for any one case, scientific understanding of 
the toxic susceptibility in question will be incomplete. Thus, rather 
than being able to rely on a study that precisely matches the plain-
tiff’s risk factors, experts on both sides will be assembling strands 
of evidence and debating their significance for the particular 
causal issue in dispute. In deciding which testimony will be admit-
ted, courts will have to be careful to avoid the pitfalls Milward ex-
posed. 

Furthermore, much research aimed at connecting genes to 
disease risk has not, and will not, consider toxic exposures at all, 
seeking instead to identify genes “for” various diseases.172 In a va-
riety of toxic tort claims, it is already common for genes to be pos-
ited as “the” cause of a plaintiff’s illness, rather than an accused 
exposure.173 But statistical associations between genes and disease 
may be spurious, just as epidemiologic associations between expo-

 
 168. Christopher A. Maxwell et al., Genetic Interactions: The Missing Links for a Better 
Understanding of Cancer Susceptibility, Progression and Treatment, 7 MOLECULAR CANCER 4, *8 
(Jan. 10, 2008), http://www.molecular-cancer.com/content/7/1/4 (noting that interac-
tions among genes are important to cancer but “largely unknown”). 
 169. Epigenetic factors are chemical constituents that affect gene expression but are 
not part of the DNA itself. See Gail P. A. Kauwell, Epigenetics: What It Is and How It Can Af-
fect Dietetics Practice, 108 J. AM. DIETETIC ASS’N 1056, 1056 (2008) (defining epigenetics 
and explaining that environmental factors can exert epigenetic effects). 
 170. Christopher P. Wild, Environmental Exposure Measurement in Cancer Epidemiology, 
24 MUTAGENESIS 117, 117 (“[T]he precise contribution of specific risk factors and their 
interaction . . . continues to be difficult to elucidate.”). 
 171. For example, a highly variable gene codes for an enzyme that, among other 
things, metabolizes the active ingredient in certain pesticides. At least some of the varia-
tions can affect the expression of the gene and, thus, the amount of enzyme activity. Cer-
tain drugs and dietary components, however, also can affect the enzyme’s activity. Lucio 
G. Costa et al., Pharmacological and Dietary Modulators of Paraoxonase 1 (PON1) Activity and 
Expression: The Hunt Goes On, 81 BIOCHEMICAL PHARMACOLOGY 337 (2011). 
 172. For example, numerous variations in many different genes have been associated 
with increased or decreased risk of breast cancer, although the effects vary in women of 
different ancestries. See Dezheng Huo et al., Evaluation of 19 Susceptibility Loci of Breast Can-
cer in Women of African Ancestry, 33 CARCINOGENESIS 835, 835 (2012). 
 173. E.g., In re Prempro Prods. Liab. Litig., 586 F.3d 547, 566 (8th Cir. 2009) (defense 
expert testified that genetic predisposition, rather than hormone replacement therapy, 
caused plaintiff’s breast cancer); Stapleford v. Sec’y of Dep’t of Health and Human Servs., 
89 Fed. Cl. 456, 458 (Fed. Cl. 2009) (affirming finding that child’s seizure disorder was 
likely caused by a genetic defect rather than immunization). 
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sures and disease may be.174 An expert relying on evidence of a 
genetic association might reasonably be asked to explain how well 
that evidence excludes the possibility that the genetic effect is me-
diated by an environmental exposure. 

More generally, as various forms of mechanistic evidence 
accrete, courts will need to take care to avoid unwarranted as-
sumptions of specificity. In many cases, the parties will advance 
competing mechanisms of disease causation. The form of the ad-
versary system heightens the temptation to think that evidence 
tending to show that x mechanism occurs also tends to show that y 
mechanism does not occur. The thought is invalid, even though 
sometimes it may happen to be true.175 The issue arose in Milward, 
when Dr. Smith explained to the district court that neither logic 
nor biology precluded the possibility of multiple carcinogenic 
mechanisms.176 

In a related vein, use of sophisticated genetic, molecular, 
cytological, and histological techniques in the search for medical 
treatments will undoubtedly produce increasingly fine distinctions 
in the taxonomy of complex diseases. For example, what was once 
“leukemia” was divided into four major types, which were in turn 
subdivided into multiple subtypes.177 Such distinctions create an 
issue in toxic tort cases when a plaintiff is diagnosed with a partic-
ular subclass of a disease and an expert would give a causation 
opinion by relying on research conducted on another subclass or 
on the broader disease class in general. 

 
 174. See, e.g., Samuel P. Dickson et al., Rare Variants Create Synthetic Genome-Wide Asso-
ciations, PLOS BIOLOGY, Jan. 2010, at *5–7, http://www.plosbiology.org/article/ in-
fo%3Adoi%2F10.1371%2Fjournal.pbio.1000294 (demonstrating that statistically signifi-
cant associations could be observed between 179 variations and sickle-cell anemia, which 
is caused by a known variant of a known gene). 
 175. See, e.g., D. Peng et al., Study on the Cytogenetic Changes Induced by Benzene and Hy-
droquinone in Human Lymphocytes, 31 HUM. EXPERIMENTAL TOXICOLOGY 322, 333 (2012) 
(“The adverse effects of [benzene] and its metabolites are widespread and consequently a 
wide variety of cellular systems are affected.”); cf. Legator & Morris, supra note 116, at 719 
(“In the study of environmental toxins, the causation of diverse effects is usually the rule 
rather than the exception.”). 
 176. Smith Supp. Declaration, supra note 117, at para. 32 (noting that inhibition of 
DNA repair enzyme could cause different chromosome abnormalities via different mech-
anisms). 
 177. Otto Wong et al., A Hospital-Based Case-Control Study of Acute Myeloid Leukemia in 
Shanghai: Analysis of Environmental and Occupational Risk Factors by Subtypes of the WHO Clas-
sification, 184 CHEMICO-BIOLOGICAL INTERACTIONS 112, 113 (2009) (noting the “clinical 
and pathological recognition of the heterogeneity of leukemia” in the 1980s and the new 
classification of myeloid forms of the disease). 
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Like any taxonomy, such classifications reflect the classifi-
ers’ judgments about which characteristics are salient. They can 
and do change,178 and competing classification schemes may exist 
for a given disease.179 The judicial model that identifies the legal 
causation issue with a scientific hypothesis would demand a match 
between a plaintiff’s disease subtype and the subtype investigated 
in, say, an epidemiologic study. What should matter, however, is 
whether the expert’s opinion about etiology depends on identity 
of the classifying characteristics. 

This issue was central to Milward. Brian Milward’s disease, 
APL, is a subtype of acute myelogenous leukemia (“AML”).180 A 
decisive body of epidemiologic evidence has linked the broader 
disease, AML, to benzene exposure, but the district court judge 
discounted that research because it did not connect benzene ex-
posure to the “unique clinical or therapeutic entity” that is APL.181 
The judge seemed to ask the right question: “how similar and how 
different various AML subtypes may be in ways that matter” to Dr. 
Smith’s causation opinion.182 But in asking that question, the 
judge took the clinical and therapeutic distinguishing characteris-
tics of APL as the starting point, effectively deciding that they had 
etiologic significance, contrary to Dr. Smith’s opinion. Thus, to 
Dr. Smith, the fact that certain chromosomal abnormalities had 
been observed to occur in higher frequency in workers exposed to 
benzene gave support to the inference that benzene could cause 
APL, which is characterized by chromosome damage—while the 
district judge concluded that Dr. Smith could not rely on those 
observations because they did not include the particular chromo-
somal anomaly typical of APL.183 As it turns out, at least one study 
has since associated that anomaly with benzene exposure.184 
 
 178. See id.; Elizabeth M. Ward et al., Research Recommendations for Selected IARC-
Classified Agents, 118 ENVTL. HEALTH PERSPECTIVES 1355, 1357 (2010) (“As knowledge of 
hematologic malignancies evolves, it is important to reexamine approaches to disease cat-
egorization in epidemiology and animal toxicology.”). 
 179. See Milward v. Acuity Specialty Prods. Grp., Inc., 639 F.3d 11, 16 (1st Cir. 2011), 
cert. denied sub nom. U.S. Steel Corp. v. Milward, 132 S. Ct. 1002 (2012) (noting that the 
acute myeloid type of leukemia may be subdivided in more than one way). 
 180. Milward v. Acuity Specialty Prods. Grp., Inc., 664 F. Supp. 2d 137, 143 (D. Mass. 
2009), rev’d, 639 F.3d 11 (1st Cir. 2011), cert. denied sub nom. U.S. Steel Corp. v. Milward, 
132 S. Ct. 1002 (2012). 
 181. Id. at 144. 
 182. Id. 
 183. See id. at 147 (concluding that (1) evidence that benzene selectively caused 
changes in ploidy (number of copies) of certain chromosomes tended to disprove Dr. 
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The lesson, of course, is noft that the district judge was 
wrong because he failed to foresee a future scientific develop-
ment, but that judges should be cautious about relying on classifi-
cation schemes to exclude expert opinion when the expert plausi-
bly explains why the classification does not determine the causal 
question. Such an explanation succeeded in a hormone replace-
ment case in which the plaintiff developed cancer in papillary 
breast tissue rather than in ducts or lobules.185 The defendant 
sought to exclude the plaintiff’s expert on specific causation be-
cause no epidemiologic evidence associated hormone replace-
ment therapy with a higher risk of papillary breast cancer in par-
ticular.186 The expert explained that papillary cancer was too rare 
for separate study, and that the histological type of a cancer did 
not determine whether hormones could promote cancer’s devel-
opment.187 The court rejected the defendant’s challenge and ad-
mitted the testimony.188 

To put this idea more generally, the external validity of a 
piece of scientific research, as applied to the legal issue that is the 
subject of an expert’s opinion, may not be determined by disease 
classification schemes, even as those schemes become increasingly 
reductionist in focus.189 Scientists may legitimately disagree about 
the significance of disease classifications for causation conclusions. 
When they do, resolution of the disagreement for legal purposes 
should rest with the fact-finder. 

 
Smith’s subsidiary conclusion that benzene could cause the translocation commonly seen 
in APL, and (2) inhibition of DNA repair enzyme by benzene did not support Dr. Smith’s 
opinion because other inhibitors of that enzyme had been observed to cause only other 
AML subtypes characterized by particular chromosomal aberrations). 
 184. D.N.C. Santos et al., The Frequency of MN and the t(15;17) in Peripheral Lymphocytes 
of Workers Poisoned by Benzene in São Paulo, Brazil, 52 ENVTL. & MOLECULAR MUTAGENESIS 
S1, S57 (2011). 
 185. Baldonado v. Wyeth, No. 04 C 4312, 2012 WL 1965408, at *5 (N.D. Ill. May 31, 
2012). 
 186. Id. at *11, *14 (describing defendant’s argument). 
 187. Id. at *2 (describing testimony that a “small number” of breast cancers begin in 
tissues other than ducts or lobules); id. at *14 (describing testimony that cancer-
promoting effect does not depend on histological type). 
 188. Id. at *15, *17. 
 189. See Sanders, supra note 16, at 1042 (defining external validity). 
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IV.  CONCLUSION 

Milward teaches, first, that it may be possible for experts to 
draw inferences of general causation even if they do not rely on 
experimental or observational evidence that tests the hypothesis 
directly. The legal requirement of fit, although it depends on sci-
ence, should not be framed in scientific terms so restrictive that it 
becomes a straitjacket. 

Second, Milward teaches that the existence of evidence 
pointing in both directions does not make it impossible for an ex-
pert witness to offer an admissible opinion. This teaching is not 
inconsistent with the gatekeeping role the Supreme Court has 
carved out for district judges. Nor does it leave judges without 
tools for distinguishing between what should be admitted and 
what should be excluded. 

Lastly, Milward teaches that courts will need to be sensitive 
to the rapid but uneven pace of scientific progress in the struggle 
to understand the mechanisms by which toxic exposures cause (or 
do not cause) disease. As the scientific tool kit for testing general 
causation broadens and improves, situations involving mechanistic 
evidence are likely to arise, and courts would do well to consider 
Milward’s approach in evaluating them. 


